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PROGRAM

Sunday, July 19

1. Registration (3:00-8:00 P.M.). In De Anza Foyer next to Main Lobby (Atrium) of the
Doubletree Hotel.

2. Wine and Cheese Reception (5:30-8:30 P.M.). In De Anza Ballroom.

Monday, July 20

3. Workshop Opening (8:15-8:25 A.M.) LINCOLN TAIZ, University of California, Santa
Cruz. (In Steinbeck Forum Theatre)

4. Session I (8:25-10:35 A.M.)

Plasma Membrane H+-ATPases (Chair: CI-IRISTER LARSSON, University of Lund,
Sweden)

8:25-8:30 Session Introduction

8:30-8:55 CAROLYN W. SLAYMAN, Yale University, USA. "Site-Directed
Mutagenesis of the Yeast Plasma Membrane H+-ATPase. ''

8:55-9:20 MARC BOUTRY, University of Louvain, Belgium. "Regulation of the
Expression of Four Genes Encoding the Plasma Membrane ATPase of
Tobacco."

9:20-9:45 JEFFREY F. HARPER, Scripps Research Institute, USA. "The Plasma
Membrane H+-ATPase Multigene Family in Arabidopsis thaliana."

9:45-10:10 KUNIHIRO KASAMO, National Food Research Institute, Japan.
"Regulation of Plasma Membrane H+-Pumping by Molecular Species of
Phosphatidylcholine."

10:10-10:35 STACEY F. SHARTZER, University of California, Davis, USA
"Regulation of Plasma Membrane Transport Activity is Dependent on a
Phosphorylation/Dephosphorylation Cycle."

5. Coffee/Tea Break (10:35-11:05)

6. Session II (11:05 A.M.-12:50 P.M.)

Plasma Membrane Ca2+-ATPase (Chair: FRANCES DUPONT, USDA, USA)

11:05-11:10 Session Introduction
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11:10o11:35 HUBERT H. FELLE, University of Glessen, Germany. "Ca 2+
Homeostasis in Sinapsis root hair tips: the Role of the Plasma Membrane
C.a2+-ATPase."

11:35-12:00MARIA I. DE MICHAELIS, Universityof Mcssina,Italy. "A
BiochemicalCharacterizationoftheH+-ATPascand oftheCa2+-ATPasc
in Plasma Membrane Purified from Arabidopsis thaliana."

12:00-12:25 MARIANNE SOMMARIN, University of Lund, Sweden. "Comparison
of Ca2+-ATPase Activities in Purified Plasma Membrane and
Endoplasmic Reticulum from Wheat."

12:25-12:50 PER ASKERLUND, University of Oxford, UK. "Reconstitution,
Characterization and Cellular Localization of a Calmodulin-Stimulated

Ca2+-Pumping ATPase Purified from Brassica oleracea L.

7. Free Time (12:5003:00 P.M.)

8. Session HI (3:00-5:10 P.M.)

Plant-Environment Interactions (Chair: ENRICO MARTINOIA, Eidgenossische
Tcchnischc Hochschule, Switzerland)

3:00-3:05 Session Introduction

3:05-3:30 LEON V. KOCHIAN, U.S. Plant Soil and Nutrition Laboratory, Cornell
University, USA. "Biophysical and Genetic Studies on the Role of Root
Cell Ion Transport Processes in Aluminum Toxicity and Tolerance."

3:30-3:55 BEN-ZION GINZBURG, The Hebrew University of Jerusalem, Israel. "A
Study of the Physiology of Halotolcmncc in Dunaliela Using Mutants."

3:55-4:20 PAUL M. HASEGAWA, Purdue University, USA. "NaCI Regulation of
Plasma Membrane and Tonoplast ATPase Gone Expression in
Glycophytes and a Halophyte during Salt Adaptation."

4:20-4:45 EDUARDO BLUMWALD, University of Toronto, Canada.
"Identification of the Vacuolar Na+/H+ Antiport."

4:45-5:10 NIGEL CRAWFORD, University of California, San Diego, USA,
"Characterization of the HL1 gene from Arabidopsis."

9. BARBECUE IN MEMORY GARDENS (5:30-9:00 P.M.)

Tuesday, July 21
10. Session IV (8:15-10:25 A.M.)

Membrane Receptors and Signal Transduction (Chair: WENDY BOSS, North Carolina
State University, USA)
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8:15-8:20 Session Introduction

8:20-8:45 HELENE BARBIER-BRYGOO, Institut des Sciences Vegetales, CNRS,
France. "Perception of the Auxin Signal at the Plasma Membrane of
Tobacco Mesophyll Protoplasts."

8:45-9:10 YOUNGSOOK LEE, Prohang Institute of Science and Technology,
Korea. "Abscissic Acid-Induced Inositol Phospholipid Turnover in Guard
Cell Protoplasts of Viola faba."

9:10-9:35 ALAN WISE, University of Leeds, UK. "Receptors Coupled to Guanine
Nucleotide-Binding Proteins in Higher Plant Cells."

9:35-10:00 ALICE HARMON, University of Florida, USA. "Calcium-Dependent
Protein IGnases and Their Roles in Signal Transduction."

10:00-10:25 WINSLOW E. BRIGGS, Carnegie Institution of Washington, Stanford,
USA. "The Possible Molecular Basis of a Blue Light Response."

11. Coffee/Tea Break (10:25-10:55)

12. Session V (10:55 A.M.-12:45 P.M.)

Channels: Physiology and Regulation (A) (Chair: CLIFFORD SLAYMAN, Yale
School of Medicine, USA)

10:55-11:00 Session Opening

11:00-11:25 J.. ANDREW SMITH, University of Oxford, UK. "A Malate-Selective
Ion Channel at the Vacuolar Membrane of CAM Plants."

11:25-11:55 E. JOHANNES, University of York, UK. "Calcium Channels at the
Tonoplast."

11:55-12:20 BARBARA PICKARD, Washington University, St. Louis, USA.
"Epidermal Mechanosensory Calcium-Selective Channels Detect
Transmembrane Potential, Temperature, Mural pH, and Auxin."

12:20-12:45 MAARTEN J. CHRISPEELS, University of California, San Diego, USA.
"Molecular and Functional Analysis of Tonoplast Protein (TIP).

13. Free Time (12:45-2:30 P.M.)

14. Set up all posters in Serra I. (2:30-3:00 P.M.)

15. Poster Session I (3:00-6:00 P.M.) Authors of abstracts 63.124 will present their posters.

16. Free Time (6:00-7:30 PoM.)

17. Techniques Workshop I (7:30-9:30 P.M.) In Steinbeck Forum Theater.
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Fluorescence Imaging (Chairs: SIMON GILROY, University of California, Berkeley,
USA and DOUG BUSH, Rutgers University, USA)

7:30-7:50 DOUG BUSH and SIMON GILROY. "Overview of Intracellular Ion
Measurements Using Fluorescent Probes."

7:50-8:10 JOE KAO, University of Maryland, USA. "Principles of Dye Design and
Use."

8:10-8:30 COLIN BROWNLEE, The Marine Biological Association, UK.
"Temporal and Spatial Monitoring of Cytoplasmic Calcium In Fucus
Zygotes: Developments Using Photometry and Confocal Ratio Imaging."

8:30-8:50 MARK D. FRICKER, University of Oxford, UK. "Confocal Fluorescence
Ratio Analysis of Ion Concentrations in Plant Cells."

8:50-9:10 ANTON NOVACKY, University of Missouri, USA. "Alterations of
Intracellular pH During Bacterial Hypersensitive Reaction: A Confocal
Laser Scanning Microscopy Study."

9:10-9:30 SIMON GILROY. "Manipulation of Intraeellular Ion Concentration by
Caged Probes."

Wednesday, July 22

18. Session VI (8:00.10:10 A.M.)

Channels: Physiology and Regulation (B) (Chair: HIDDE B. A. PRINS, University of
Groningen, The Netherlands)

8:00-8:05 Session Introduction

8:05-8:30 NAVA MORAN, Weizmann Institute of Science, Israel. "Proton Block of

K+ Channels in the Plasma Membrane of Guard Cell protoplasts: A Patch
Clamp Study."

8:30-8:55 SARAH M. ASSMANN, Harvard University, USA. "Second Messenger
Regulation of Ion Transport in Guard Cells of Viciafaba."

8:55-9:20 JULIAN I. SCHROEDER, University of California, San Diego, USA.
"Two Types of Voltage-Dependent Anion Currents in Guard Cells."

9:20-9:45 PATRICE THULEAU, University of California, San Diego, USA.
"Purified Calcium Channel Blocker-Binding protein from Carrot Cells
Forms Calcium-Permeable Ion Channels After Reconstitution."

9:45-10:10 RAINER HEDRICH, University of Hannover, Germany. "Plant Growth
Hormones Control Ion Channels in the Plasma Membrane of Guard ceils."
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19. Coffee/TeaBreak(10:10-10:40A.M.)

20. SessionVII(10:40A.M.-12:50P.M.)

SugarCarriers(Chair:WIDMAR TANNER, UniversityofRegensburg,Germany)

10:40-10:45SessionIntroduction

10:45-11:10NORBERT SAUER, Universityof Regensburg,Germany. "Sugar
TransportersofthePlantPlasmaMembrane."

11:10-11:35DANIEL R.B_,TSH,USDA-ARS, Universityofnlinois,USA. "Proton-
CoupledSucroseand Amino Acid Symports: SubstrateRecognition,
PhotoaffinityLabelingandMolecularCloning."

11:30-11:50SERGE DELROT, UniversitddePoitiers,France."TheSucroseCarrierof
the Plant Plasmalemma: PartialPurification and Reconstitution."

11:50-12:10 GERA D. EYTAN, Technion-Israel Institute of Technology, Israel.
"Sugar Transporters Involved in Phloem Unloading."

12:10-12:30 WOLF B. FROMMER, Institut fur Genbiologische Forschung, Germany.
"Expression Cloning of Metabolite Transporters from Higher Plants."

12:30-1:00 ULF-INGO FLUGGE, University of Wurzburg, Germany. "Insights into
the Structure of the Chloroplast Triose Phosphate-Phosphate Translocater
Protein."

21. Free Time (1:00-2:30 P.M.)

22. PosterSessionII(2:30-4:00P.M.)Authorsofabstracts125-184willbeavailableto
present their posters.

23. Poster Discussion in Steinbeck Forum Theater (4:00-6:00 P.M.) (Chair: MICHAEL
SUSSMAN, University of Wisconsin, USA.)

Six posters will be selected by a panel for brief (10') presentations by the
authors. (The authors will be notified ahead of time.) The remainder of the session will
be taken up by informal discussions of the posters.

24. Transit to the Monterey Bay Aquarium (6:00-7:00 P.M.)

25. Strolling Dinner through the Monterey Bay Aquarium (7:00-10:00 P.M.)

Thursday, July 23

26. Session VIII (8:15-10:00 A.M.)
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Vacuolar H+-Pumps (A) (Chair: BERNARD MARIN, Unite Fonctionnelle de
Biotechnologie, France)

8:15-8:20 Session Introduction

8:20-8:45 HEVEN SZE, Universityof Maryland,USA. "Vacuolar-typeH+-
TranslocatingATPases inPlantEndomembrancs:SubunitOrganization
andMultigeneFamily."

8:45-9:10 EMMA JEAN BOWMAN, UniversityofCalifornia,SantaCruz,USA.
"Structureand Expressionof Genes EncodingtheMajor Subunitsof
VacuolarandMitochondrialATPascsofNeurosporacrassaandStrategies
forMutatingATPaseGenes."

9:10-9:35 J.PETER CaDGARTEN, UniversityofConnecticut,USA. "Evolutionand
IsoformsofthePlantV-ATPasc."

9:35-I0:00 MASASHI TAZAWA, FukuiInstituteofTechnology,Japan."Inhibition
of VacuolarpH Regulationby BalifomycinA I in Cellsof Chara
corallina."

27. Coffee/Tea Break (10:00-10:30 A.M.)

28. Session IX (10:30 A.M.-12:40 P.M.)

Channels: Biophysics and Molecular Biology (Chair: ENID A. C. MacROBBIE,
University of Cambridge, UK)

10:30-10:35 Session Introduction

10:35-11:09 STEVEN D. TYERMAN, The Flinders University, Australia.. "Ion
Channe)s in the Energized Membrane of Wheat Root Protoplasts."

11:00-11:25 F.A. SMITH, University of Adelaide, Australia. "Comparative In Vivo
Studies of Anion Channels in Chara, Fungi and Roots."

11:25-11:50 ADAM BERTL, Yale School of Medicine, USA. "Gating of Ion Channels
in Plasmalemma and Tonoplast of Yeast."

11:50-12:15 RICHARD GABER, Northwestern University, USA. "Isolation of plant
K+ channel eDNA by function in yeast."

12:15-12:40 HERVE SENTENAC, ENSA-M/INRA/CNRS, France. "Cloning and
Expression in Yeast of a Plant K+ Transport System."

29. Free Time (12:40-2:00 P.M.)

30. Luncheon Meeting for 1995 Workshop Organizers (12:40-2:00 P.M.)

31. Techniques Workshop II (2:00 - 4:25 P.M.) In Steinbeck Forum Theater



viii

Patch-Clampand Membrane TransportTechniques(Chair: _AINER HEDRICH and
SCHROEDER)

2:00-2:05 WorkshopIntroduction

2:05-2:30 THEO ELZENGA, UniversityofWashington,USA. "Characterizationof
IonChannelsinthePlasmaMembrane ofLeafEpidermisCellsofP/sum
sagvum, ArgentcumMutant."

2:30-2:55 C. ZEIL1NGER, University of Hannover, Germany. "Identification of a
Potassium Channel in Mesophyll and Guard cell Plasma Membranes of

_ Viciafaba leaves."

2:55-3:20 MICHAEL R. BLA'Fr, University of London, UK "pH Controls K+
Gating in Vicia Guard cells."

3:20-3:45 KLAUS RASCHKE, University of Gottingen, Germany. "Ion Channels in
the Plasmalemma of Xylem Parenchyma Ceils From Roots of Barley
(Hordeum vulgare cv. Apex)."

3:45-4:10 KATHRYN BOORER, AFRC-IACR Rothamsted Experimental Station,
UK. "Functional Expression of Plant Plasma Membrane Transporter in
Xenopus Ooeytes."

4:10-4:25 MICHAEL DELAY, Axon Instruments, USA. "Instrumentation Used in
the Aquisition and Analysis of Plant Eleetrophysiological Data."

32. Poster Session IN (2:00-5:45 P.M.) Authors of abstracts 185-246 will be present from
4:30-5:45 P.M.

33. Take down posters (5:45-6:00 P.M.)

34. Patch-Clamp Demonstration in Serra I. (4:30-6:00 P.M.) RAINER HEDRICH,
HEINER BUSH AND IRENE MARTEN, University of Hannover, Germany.

35. Free Time (6:00-7:30 P.M.)

36. KEYNOTE ADDRESS (7:30-9:00 P.M.)

BERT SAKMANN, 1991 Nobel Laureate, Max-Planck Instittit fiir Mcdizinische,
Forschung, Heidelberg, Germany

"Structure-Function Relationships of the ACh Receptor as Probed by Point
Mutations"
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Friday, July 24

37. Session X (8:15-10:30 A.M.)

Vacuolar H+-Pumps (B) (Chair: RONALD J. POOLE, McGiU University, Canada)

8:15-8:20 Session Opening

8:20-8:45 THOMAS RAUSCH, University of Frankfurt, Germany. "The Daucus
carota V-type H+-ATPase: Recent Progress in Understanding the
Coordinate Expression of Its Genes."

8:45-9:10 MINOBU KASAI, Okayama University, Japan. "Regulatory Role of
Intracellular pH, Ca2+, and Abscisic Acid on the Two Active H+-Pumps of
Tonoplast from Barley Root."

9:10-9:35 DALE SANDERS, University of York, UK. "Potassium Transport into
Plant Vacuoles is Directly Energized by the Tonoplast Inorganic
Pyrophosphatase."

9:35-10:00 PHILIP A. REA, University of Pennsylvania, USA. "Characterization of
Genes Encoding Vacuolar H+-Pyrophosphatase of Arabidopsis thaliana
and Beta vulgaris."

38. Coffee/Tea Break (10:00-10:30 A.M.)

39. Session XI (10:30-11:50 A.M.)

Cells, Organelles and Signaling (Chair: INGO DAHSE, Friedrich-Schiller University,
Germany)

10:30-10:35 Session Introduction

10:35-11:00 JAQUES JOYARD, CNRS, Grenoble-cedex, France. "Pivotal Role of
Diacylglyeerol in Glycerolipid Biosynthesis by Chloroplast Envelope
Membranes."

11:00-11:25 MICHAEL G. HAHN, University of Georgia, USA. "Specific
Recognition of Oligosaccharide Elicitors by Binding Protein(s) in Soybean
Membranes."

11:25-11:50 SHARON R. LONG, Stanford University, USA. "Response of Root Hair
Cells to Rhizobium NOD factors."

40. EPILOGUE AND FORECAST (11:50 A.M.-12:00 noon )

WILLIAM J. LUCAS, University of California, Davis, USA.
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SITE-DIRECTED MUTAGENESIS OF THE YEAST PLASMA-MEMBRANE [H+]ATPase

Rao, R., Nakamoto, R.K., Verjovski-Almeida, S., and Slayman, C.W.

Department of Genetics, Yale University School of Medicine, 333 Cedar Street, New Haven CT 06510, USA

The primary transporter in the plasma membrane of Saccharomyces cerevisiae is a P-type [H+]ATPase,

encoded by the PMA1 gene (1). Based on hydropathy analysis, the 100 kDa ATPase polypeptide is thought to be

anchored in the membrane by eight hydrophobic segments, four at eachend of the molecule. The central hydrophilic

portion displays striking sequence conservation throughout the family of P-ATPases; significantly, it contains the

binding site for ATP and the site (D378) at which the protein is transiently phosphorylated during the reaction cycle.

. To probe the yeast [I-I+]-ATPaseby site-directed mutagenesis.,we have devised a novel expression system

(2) in which the final step of plasma membrane biogenesis is blocked by a temperature-sensitive sec6 mutation,

leading to a massive accumulation of secretory vesicles when the cells are shifted to 37°C. At the same time,

regulatedpromoters are used to switch expression from the wild-type chromosomal copy of the PMAI gene (required

for growth) to the mutant copy (introduced on a plasmid). The mutant ATPase becomes trapped in the secretory

vesicles, which are readily isolated and assayed for ATP hydrolysis and H+ pumping.

Using this strategy, we have explored structure-function relationships within the highly conserved

phosphorylation domain of the ATPase:

(376) C S D KTG TLT

Three different substitutions of the phosphorylated residue (D378N, S, and E) led to a surprisingly drastic defect in

ATPase structure and biogenesis. In each case, significant amounts of newly synthesized mutant ATPa_ could be

immunoprecipitated from a total membrane fraction, but did not reach the secretory vesicles; instead, it accumulated

at an earlier point in the secretory pathway (probably the Golgi). Partial trypsinolysis suggested that the block in

biogenesis was due to an abnormal, incompletely folded conformation. Interestingly, all three D378 alleles behaved

as dominant lethals, consistent with the idea that the mutant and wild-type polypeptides interact with one another or

with limiting amounts of some component of the secretory pathway.

For the remaining residues that were studied, nonconservative substitutions (e.g., K to Q, T to A) led to

inactive enzyme that was, at least in part, capable of reaching the secretory vesicles. Even conservative substitution,,

(K379R, T380S, T382S, T384S) reduced ATP hydrolysis and H+ pumping to 16-45% of wild-type levels. There

were only minor changes in Km for ATP and pH optimum. By contrast, the mutant enzymes were all significantly

less sensitive to vanadate, with 3- to >500-fold elevation of Ki. The simplest interpretation is that the residues

immediately adjacent to D378 form part of the phosphate/vanadate binding site; alternatively, replacement of these

residues may shift the equilibrium between the E 1and E2 conformations of the enzyme, altering vanadate sensitivtt_

indirectly. Further work will be required to distinguish between these possibilities,

1. Serrano, R., Kielland-Brandt, M.C., and Fink, G.R. (1986) Nature 319, 689-693.

2. Nakamoto, R.K., Rao, R., and Slayman, C.W. (1991) J.Biol.Chem. 266, 7940-7949.
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REGULATION OF THE EXPRESSION OF FOUR GENES ENCODING THE PLASMA
MEMBRANE ATPase OF TOBACCO

Boutry,M., Bogaerts,P., Michelet,B., Moriau,J. andPerez,Ch.
UniuSde Biochimie Physiologique,Universityof Louvain
Place Croix du Sud,2-20, B-134S Louvain-la-Neuve,Belgium

The plasma membrane H+-ATPase from Nicotiana plumbaginfolia is encoded by two
gene subfamilies which diverged before the separation of the genera Dilleniidae and rosidae.
The first subfamily is composed of three genes (pmal-3) whose identity at the protein level is
close to 96% (Boutry eta/., 1989;Perez et al., 1992). However analysis of their transportlevel
in different organs indicated that they are differentially expressed both in a quantitative and a
qualitative fashion (Perez et al., 1992). The second subfamily seems to only contain a single
gene (pmal) which is 92% identical (at the protein level) topmal-3.

A more precise analysis of the regulation at the tissue or cellular level of the pma genes
was undertakenby two complementary approaches. In siru hybridization was conducted with
nucleic acid probes specific to each gene. On the other hand, pma transcriptionpromoters were
fused to the gas reportergene and introducedin tobacco by genetic transformation. GUS activity
was revealed in sire by a histochemicalreaction. These approachesrevealed that some genes are
specifically expressed in particular tissues, some of them being engaged in active transport
processes (ovules, pollen, transmission tissues, epidermal cells of the active area of the root
system,...).

Transcriptmappingrevealed signs of a possible regulation at the wanslation level: the
mRNAs have an unusually long leader (transcribedand untranslated5' region of the mRNA)
containing a small upstreamopen readingframe (uORF)of 5 to 10 codons according to the gene.
Chimericgenes were preparedby an in framefusion of the gas reportergene to the uORF or to
the PMA reading frame of pmal in orderto compare the wanslationefficiency of both cistrons.
Transgenic plants revealed that indeed the ratio of the expression of both constructionsvaries
according to the organ. For instance, in some flower tissues, the uORF-GUS was expressed
much more than the PMA-GUS, suggesting a regulation mechanism by which ribosomes
preferentiallywanslateeither the uORFor PMA.

Finally, to better understandthe role of the plasma membraneH+-ATPase in the plant
physiology, we introduced antisensegenes controlled by a strong transcriptionpromoter (CaMV
35S). Preliminaryobservations of transgenic plants showed that plants with antisense RNA
specific to pma3 were modified in their growthrate in the presence of synthetic media containing
differentsaltconcentrations.

Referenc¢_

Boutry, M., Michelet, B., andGoffeau, A. (1989) Biochem. Biochim. Res. Comm. 162, 567-574.

Perez,C., Michelet, B. and Boutry,M. (1992) J. Biol. Chem.267, 1204-1211.
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The Plasma Membrane H+-ATPase Multigene Family
in Arabidopsis thali,_ ha.

Harper1, Jeffrey F. and Sussman2, Michael R. 1Dept. of Cell Biology, Scripps Research

Institute / MB8, 10666 N. Torrey Pines Rd., La Jolla CA. 92037. 2 Dept. of Horticulture,

Universityof Wisconsin,1575 Linden Drive, Madison,Wl. 53706.

In plant cells, the plasma membrane H+-ATPase is thought to drive numerous

cotransport systems by generating a proton gradient across the membrane. At least 10

putativeplasmamembraneH+-ATPaseisoforrns(AliAs) have been identifiedin Arabidopsis by

DNA cloning. Some of these isoforms appear to have unique tissue specific patterns of

expression. GUS-reportergene analysis indicatesthat isoformAHA3 is expressedprimarily

_ in the phloem tissueof both root and shootorgans (1). The expressionpattern for isoform

AHA2 appears to be very different. Northern blot analysis indicatesthat isoform AHA2 is

expressed primarilyin roots (2). GUS-reporter gene analysis further indicatesthat within

the root AHA2 is expressed in the epidermal and cortical cell layers. In shoot structures,

AHA2 expressionis stro,gest in leaf hydathodesand variousparts of the flower. Analysisof

regulatorysequencescontrollingthe expressionof AHA2 indicate that sequencesassociated

with the first large intron function to significantlyincrease expressionof AHA2 in non-root

tissues. Expressionpatterns for two AHA2/GUS translational fusions, 2P and 2PI, were

cc,mpared in multipletransgenicArabidopsis plants;2PI differs from 2P by inclusionof the

first large intron and 14 additionalamino acids (i.e. up to residue E=I). Strong expression

was observedin rootsof both 2P and 2PI plants. Howeverin leaves,only2PI plantsdisplayed

strong activity -- activityin 2P plants was near backgroundlevels.

It is not knownhow activityof a plant H+-ATPase is regulated, but speculationhas

focusedon a putative autoinhibitorlocated in the C-terminus. In 9 plant H.-ATPase isoforms

examined, two conserved motifsare present in the C-terminuswith 80% to 85% identity to

AHA2. One of these regions,A859 to Q886 of AHA2, has been proposedto functionas an

autoinhibitor,based on in vitro inhibitionexperimentsusing a peptide correspondingto this

domain (3). One new isoform,AHA10, has recentlybeen identifiedand appearsdistinctfrom

other isoforms. In AHA10 the two "conservedregions"of the C-terminusare only 30% to

35% identical to other isoforms.This differencemay indicate that activityof this isoformis

regulatedby a mechanismdistinctfrom otherplant H.-ATPases.

1. DeWitt, N.D., Harper,J.F., and Sussman, M.R. (1991). The Plant Journal1:121-128.

2. Harper,J.F., Manney, L., DeWitt,N.D., Yoo, M.H., and Sussman,M.R. (1990). The
Journal of Biological Chemistry265; 23:13601-13608.

3. Palmgren,M.G., Sommarin,M., Serrano,R., and Larsson,C. (1991). The Journal of
Biological Chemistry 266; 30:20470-20475.
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REGULATION OF PLASMA MEMBRANE H-PUMPING BY MOLECULAR SPECIES OF

PHO SPH ATIDYI.L-'HOLINE

Kasamo,K.

MolecularFunctionLaboralory,NationalFood ReserchInstitute,

2-I-2Kannondai,TsukubaScienceCity,Ibaraki305,Japan

Plasmamembrane (PM) H'-ATPaseistightlyboundand integraltransmembraneprotein.We decidedthe

nucleo6desequenceoffulllengtheDNA anddeducedaminoacidsequenceofricePM-ATPase (I).Participationof

thisenzyme inH" transportmightbe confirmedby proteoliposomes.Duringprocessesofpurificationand

reconstitutionofthePM-ATPase,theenzymewas foundtorequireamolecularspeciesofphosphatidylcholine(PC)

foractivation(2,3).Inthisstudy,thedependenceonphospholipidsofH" pumpingwas examinedbyincorporating

theenzyme intoliposomesofdifferentphospholipidcomposition(4),withsubsequentcomparisonoftheeffectsof

molecularspeciesofPC on thesolubilizadATPaseactivity(3).

The activityofPM-ATPasefromrice(_za salivaL.)culturecellsdecreasedwithincreaseinthelengthand

thedegreeofsaturationofacylchainofPC. Remarkableactivationwas observedwhen PC posessmgl-palmitoyl

(16:0)-2-olvoyl(18:I)fattyacidwas addedtothereactionmixture.H-pumpmg becoulddetectedinproteoliposomes

when they werepreparedwithPC withl-or2-unsaturatedand 2-or l-saturatedfattyacid,suchas l-palmitoyl-2-

oleoyl-pc,buthardlyinthatwithl-,2-unsaturatedor I-,2-saturatedfattyacidsuchasl-palmitoyl(16:0)-2-stearoyl

(18:0)-PCordilmolenoyl(I-18:32-I8:3)-PC.

TheseresultsindicateH-pumpmg tobe closelyrelatedtoATPaseactivityand stronglydependenton the

natureoflipidpolarheadgroup,thelengthandthedegreeofsaturationoftheacylchainsofPC.

I. Wada,M,,Takano,M.,andKasamo,K. (submutted)

2. Kasamo,K.and Nouchi,K.(1987)PlantPhysiol.83.323-328.

3. Kasamo, K. (1990) Plant Physiol. 93, 1049-1052.
4. Kasamo, K. and Yamamshi, H. (1991) Plant Cell Physiol. 32. 1219-1225.
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REGULATION OF PLASMA MEMBRANE TRANSPORT ACTIVITY IS DEPENDENT ON A

PHOSPHORYLATION / DEPHOSPHORYLATION CYCLE

Shartzer, S. Frost and Lucas, W.J.

Department of Botany, University of California, Davis 95616

The internodal cell surface of Chara corallina exhibits a characteristic banding pattern of

alternating acid and alkaline regions. This activity has been attributed to the operation of a Class It

H+ transporter acting as a H+-ATPase in the acid regions and a highly controlled H+ channel in the

alkaline areas (1). These regions of specialized plasma membrane transport activity are sensitive to

changes in light intensity. Upon removal of light for brief periods of time the extracellular current

pattern is reduced and the membrane potential hyperpolarizes by 30-70 inV. Light activation, the

return of the extracellular current pattern to the original intensity, occurs within 3-6 rain of

reillumination while a transient depolarization of the membrane potential is followed by a return to

the original resting potential. A new system has been designed to simultaneously measure the

extracellular current density and the membrane potential to elucidate the cellular basis for spatial and

temporal control of light activation (2). Our model for the signal transduction pathway of light

activated transport function proposes a putative phosphorylation / dephosphorylation cycle that

controls the functional state of transporters at the plasma membrane. By the application of a

phosphatase inhibitor, or a kinase activator, we can alter the phosphorylation status of cellular

proteins and follow the subsequent changes in membrane potential and extracellular current pattern.

Incubation of cells in okadaic acid (2.5 _M), a potent inhibitor of serine/threonine phosphatases,

resulted in a three-fold reduction in the rate of light activation as compared to control cells.

Illuminated cells incubated for lh with 50 /_M 1,2-dihexanoylglycerol (I,2-DG6), a synthetic

diacylglycerol that activates protein kinase C, did not exhibit a change in the membrane potential or

the extracellular current pattern. However, these same cells, when placed in the dark for 6 min and

then reilluminated, had a 100% inhibition of light activation and an uncharacteristically slow

depolarization and subsequent unstable establishment of a new hyperpolarized resting potential. As

a control, we incubated cells with 1,3-dioctanoylglycerol (1,3-DG8), an isomer of the protein kinase

activating diacylglycerol(l,2-DG8) that does not stimulate kinase activity. 1,3-DG$ (74 #M) had no

effect on either the membrane potential or the extracellular current pattern during long term

illuminated exposure or light activation after a 6 rain dark treatment. These results strongly suggest

that light dependent recovery of the plasma membrane transport activity is dependent on a

dephosphorylation event that is inhibited by okadaic acid or overriden by the enhanced

phosphorylation activity in the presence of diacylglycerol analogs.

1. Fisahn, J., Hansen, U. and Lucas, W.J. (1992) PNAS 89, xx-xx (in press)

2. Fisahn, J. and Lucas, W.J. (1992) Planla 186,241-248
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A BIOCHEMICAL CHARACTERIZATION OF THE H +-ATPase AND OF THE Ca-

ATPase IN PLASMA MEMBRANE PURIFIED FROM ARABIDOPSIS THALIANA

Pugliarello,M.C. °, Olivari,C.°, Carnelli,A.°, Rasi-Caldogno,F.° and De Michelis, M.I. §

°Centro CNR Biol. Cell. Mol. Piante, Dip. Biol.Uni. Milano (Italy); § Ist. Bot. Uni. Messina
(Italy)

ArabidoPSi_thaliana is the plant material of choice for genetic and molecular biological

studiesdue to its small genome and short life cycle. However its small size poses serious

problemsto biochemicalstudies, speciallyof relatively low abundantand labile membrane

proteins.

Here we report on the purification of a plasma membrane (PM) fraction from

Arabid0psisseedlingsby the phase partitioning technique. This procedureallows the recovery

of a highly purified PM fraction with a reasonablyhigh yield (about 3 mg prot per 100 g fr wt

of three days old seedlings).

Boththe specific activity (about 1 pmol Pi x min"1 x mg"1 prot) and the biochemical

characteristicsof the PM H +-ATPase activity are very similar to those of the enzyme from

other plant materials. Also the transport and hydrolyticactivity of the PM Ca-ATPase (about

140 nmol Pi x min"1 x mg"1 prot) have characteristicsvery similarto those observed in PM

isolatedfrom other plant materials.

Comparison between the effects of different fluoresceinderivatives on the two ATPase

activitiesshows that also in Arabidopsisthe Ca-ATPase is much more sensitive to inhil_ition

by fluoresceinderivatives than the H +-ATPase. Moreover, the effectiveness of the different

derivativestested is very different for the two enzymes: the sequence of inhibitory efficiency

is eosin B > erythrosinB > rose bengal for the Ca-ATPaseand the opposite for the H +-

ATPase. Thus, using eosin B or erythrosin B it is possibleto very selectively inhibit the Ca-

ATPase in the PM.

The possibilityto obtain from _rabidopsis seedlingsa PM fraction suitablefor

biochemicalstudies will be of great advantage since it will allow the integrationof the

biochemical,genetic and molecular biologicalapproachesto the study of the PM H +-ATPase

and Ca-ATPase as well as of other PM proteins.
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COMPARISON OF Ca 2+ ATPase ACTIVFrIES IN PURIFIED PLASMA

MEMBRANE AND ENDOPLASMIC RETICULUM FROM WHEAT

Olbe, M.1,Widell, S.2and Sommarin, M._

1Department of Plant Biochemistry, University of Lund, Box 7007, S-220 07 Lund, Sweden,

2Departrnent o_ Plant Physiology, University of Lund, Box 7007, S-220 07 Lund, Sweden.

The cytoplasmic free calcium concentration in higher plant cells is below 1 gM, but may be tran-

siently raised as a response to hormonal or environmental signals. The maintenance of the low cyto-

plasmic Ca2. concentration against the high organellar and extracenular levels (mM range) requires

highly efficient transport systems for sequestering Ca2+ into organelles or mediating its efflux out of

the cell. It is yet not clear under which physiological conditions the respective transport systems ope-

rate most efficiently. We have therefore compared ATP-dependent Ca2. transport in highly purified

vesicles of plasma membrane and endoplasmic reticulum, respectively, from wheat (Triticum

aestivum L.).

Sealed inside-out plasma membrane vesicles were purified by counter-current distribution in an

aqueous polymer two-phase system, and the ATP-binding site of the Ca2+ transport system in plas-

ma membranes was confirmed to be situated on the inner cytoplasmic surface (1). Pure endoplasm,c

reticulum was obtained by sucrose gradient centrifugation (2). In the presence of ATP a rapid accu-

mulation of 4SCa2. was seen in inside-out plasma membrane vesicles, as well as in endoplasmic re-

ticulum vesicles, while no appreciable uptake was observed in the absence of the nucleotide. The

Ca 2. ionophore A23187 caused a quick release of 90% of the Ca2. accumulated, indicating that the

major part of the Ca2. was loaded into the vesicles as free Ca 2.. We will present data on the charac -

terization and comparison of these Ca2. transporting systems.

1. Olbe, M. and Sommarin, M. (1991) Physiol. Plant. 83, 535-543.

2. Widell, S. and Sommarin, M. (1991) Physiol. Plant. 82, 9-18.
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RECONSTITUTION, CHARACTERIZATION AND CELLULAR LOCALIZATION OF

A CALMODULIN-STIMULATED Ca2+-PUMPING ATPase PURIFIED FROM

BRASSICA OLERACEA L.

Askerlund, P. and Evans, D.E.

Department of Plant Sciences, University of Oxford, South Parks Road, Oxford, OX1 3RB, UK

A calmodulin (CaM)-stimulated Ca2+-ATPase was purified about 100-fold from cauliflower

(Brassica oleracea L.) microsomes using CaM-affinity chromatography. The purified fraction showed

a Coomassie-stained polypeptide at 115 kDa togetheJ with several polypeptides with lower Mr. Only

the 115 kDa polypeptide formed a phosphorylated intermediate. The ATPase was reconstituted into

liposomes by CHAPS.dialysis. The proteoliposomes showed ATP-dependent Ca2+ uptake and

ATPase activity, both of which were stimulated about 4-fold by CaM. The specific ATPase activity was

high [ca 5 pmol min"1 (mg protein)"1] and the Ca2+IATP ratio was 0.1 when the ATPase was

reconstituted with entrapped oxalate. Both ATPese activity and Ca2+-pumping by the reconstituted

enzyme were characterized with respect to inhibitor and ionophore sensitivity, stimulation by mono.

and divalent cations (including Ca2+) and CaM, nucleotide specificity and pH dependence.

Plasma membranes of high purity obtained from the microsomal fraction by two-phase

partitioning showed a 2-fold stimulation of ATP-dependent Ca2+ transport by CaM. However, an

intracellular membrane fraction depleted in plasma membranes showed an even stronger (ca 4-fold)

stimulation by CaM and about 90% of the total CaM-stimulated Ca2+ transport was present in this

fraction. After separation of the microsomal membranes on a continous sucrose gradient the peak of

CaM-stimulated Ca2+ transport coincided with the lighter of two peaks of antimycin A-in'sensitive

NADH-Cyt c reductase activity (an ER marker) at a density of 1.12 g m1-1, but a significant part of the

CaM-stimulated Ca2+ transport was found on the very top of the gradient where no or very little

NADH-Cyt c reductase activity could be detected. The protonophore FCCP had no effect on CaM-

stimulated Ca2+ transport in any of the fractions from the sucrose gradient, indicating that a Ca2+/H+

antiporter was not involved. In summary our data indicate that CaM-stimulated Ca2+-pumping

ATPases are present in at least two types of membranes in Brassica oleracea, the plasma membrane

and the endoplasmic reticulum.
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BIOPHYSICAL AND GENETIC STUDIES ON THE ROLE OF ROOT-CELL ION

TRANSPORT PROCESSES IN ALUMINUM TOXICITY AND TOLERANCE

Leon V. Kochian, Peter R. Ryan, Jianwei Huang, and Jon E. Shaft

U.S. Plant, Soil and NutritionLaboratory,Cornell University,Ithaca, NY 14853

Aluminum (AI) toxicity is the primary environmentalstress limiting crop and forest productivity

on acid soils. Despite the considerable research effort that has been directed towards this problem,

the cellular basis for AI toxicity and tne mechanisms involved in AI tolerance are still poorly

understood. It is often suggested in the literature that AI-induced disruptions in root.cell ion

transport processes are a fundamental aspect of AI phytotoxicity. We have been investigating the

influence of AI exposure on root ion transport processes in both wheat cuitivars that exhibit dramatic

genetic differences in AI sensitivity, and near-isogenic wheat lines where tolerance or sensitivity is

linked to single-gene differences. In this study, we have used vibrating voltage and ion-selective

microelectrode techniques to investigate the influence of AI exposure on various root-cell ion

transport processes during the initial stages (< 1 hr) of AI phytotoxicity.

Using both static ion-selectivemicroelectrodesand a sensitivevibrating ion-selective

microelectrodesystem, we demonstratedthat under conditions of AI exposure that ultimately

resulted in toxicity symptoms,Ca=* influx into cells of the root apex was immediately inhibitedby AI

exposure. This was the only ion flux influenced by AI during the time period prior to the onset of

toxicitysymptoms.The rapidityof this inhibitionand the rapid reversal of the inhibitionupon removal

of AI from the bathing solution suggest that AI is acting extracellularly,at the plasmalemma surface.

Concentration-dependentkinetic analyses of the AI-Ca interactionswere consistentwith competitive

inhibitionof Ca=* influx by aluminum. These resultssuggest that AI is blocking Ca=. channels in the

plasmalemmaof root cells. The AI-induced inhibitionof Ca=. transport in root apical cells was

closely correlated with AI toxicityand differentialAI tolerance in both wheat cultivarsthat differed

greatly in their AI-sensitivity,and near isogenic wheat lines where tolerance was associatedwith a

single gene. Based on these results, we have hypothesizedthat the abilityof root cells to resistAI-

induced blockage of Ca=* channels is an important aspect of AI tolerance. This hypothesis is

currentlybeing investigatedfurther at the single cell and membrane levels.

As a starting point for the identification of AI tolerance genes, we have been screening for AI

resistance mutants in Arabidopsis. In preliminary screening studies of -90,000 EMS-mutagenized

M2 generation seedlings, we have identified 16 putative mutants in which root growth is resistant to
AI. Two of the putative mutants, which we call air.3 and air.4, have been rescreened in the M3

generation and are quite resistant to AI, showing considerable root growth in the presence of toxic

levels of AI. Following genetic characterizationof the mutants, molecular studies will be conducted

aimed at identifyingand cloning the genes responsible for AI tolerance in these mutants. If these

genes can be found, their identificationwill provide the key for understandingAI tolerance.
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A STUDY OF THE PHYSIOLOGY OF HALOTOLERANCE IN DUNALIELLA

US ING MUTANTS

Ginzburg, B.Z. and Ginzburg, M.

Botany Department, The Hebrew University of Jerusalem, Israel

Research into the extraordinary halotolerance of the unicellular green

alga Dunaliella has been largely directed towards elucidation of mechanisms

of osmoregulation. The question arises whether this is enough to explain

the ability of Dunaliella cells to groe at very high salt concentrations

(>4M NaCi) and/or tolerate big changes in salt concentration or whether

there are specific sensitivities to the ions Na" and CI- in terns of modi-

fied membrane properties, ion transport systems or other cellular systems.

The control of halotolerance may be assumed to be at least in pact at

the gene level. To test this assumption protein profiles of cells grown

at high and low salt concentrations were compared and an extra polypeptide

of 140-160 kDa has been found in high salt cells (1,2). A second approach

has been to develop mutants with altered degrees of halotolerance. Two

mutants isolated in our laboratory grog at roughly the same rate in O.5N

NaCI; one (lo,-salt mutant) does not grow above 1M NaCl while the other

grows faster than the wild type at high concentrations. The low-salt

mutant synthesizes glycerol at the same rate as the wild-type when trans-

ferred to lti or 1.5rt NaCl but appears to have a high osmotic-water perm-

eability (Lp) and an impaired system of volume control. Na" and CI-

measurements will be described. The correlation of all the physiological

processes known to be involved in halotolerance in Dunaliella will be

discussed in the light of the results.

(1) Ginzburg, B.Z., Cohen, !_. and Ginzburg, M. 1990. J. Plant Physiol. 137,
247-248.

(2) Sadka, A. Himmelhoch, S., Zamir, A. 1991. Plant Physiol. 95, 822-831.
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NACL REGULATION OF PLASMA MEMBRANE AND TONOPLAST ATPASE GENE

EXPRESSION IN GLYCOPHYTES AND A HALOPHYTE DURING SALT ADAPTATION

1Hasegawa, P.M. 1Narasimhan, M.L., 1Niu, X., IZhu, J.K., 1Reuveni, M., 2perez-Prat, E., 2Valpuesta, V.,

1Bressan, R.A. and 3Binz, l, M.L.

Icenter for Plant Environmental Stress Physiology, Department of Horticulture, Purdue University, W.

Lafayette, ]N 47907-I 165; 2Facultad de Ciencias, Departmento de Bioquimica y Biologia Molecular, Unversidad

de Malaga, 29071 Malaga, Spain; 3Texas A&M University Agricultural Research and Extension Center, 1380

A&M Circle, El Paso, 'IX 79927

The detrimental effects of salinity are the result of both water deficit and the deleterious actions of ions

on critical physiological and biochemical processes. Plants cope with salinity by regulating the rate and degree of

salt exposure to cells that are actively growing and photosynthesizing and through the intracellular accumulation

and compartmentation of inorganic and organic solutes for osmotic adjustment. It is presumed that in saline

environments there is inc_ H+-electrochemical gradient demand to facilitate transport across the plasma

membrane and tonoplast. We have therefore focused on the regulation of plasma membrane and tonoplast H +- s.

ATPase gene expression in glycophytes and the halophyte Atriplea nummularia during and after NaCl adaptation.

Inc_ plasma membrane and tonoplast (70 kDa subunit) H +-ATPase mRNA levels were detected in cultured

cells in response to NaCI treatment. The NsCl responsiveness is apparently developmentally dependent since cells

in the rapid expansion phase had the greatest accumulation of ATPase transcripts in response to NaCl treatment.

Cells that have been previously adapted to NaCl but have been returned to medium without NaCl (deadapted

cells), accumulated higher levels of ATPase mRNAs in response to salt than unadapted cells. The deadapted cells

also have a greater capacity for salt adaptation, increased K + uptake and reduced Na + uptake. When adapted

and growing in a saline environment, cells accumulated the same levels of ATPase mRNAs as unadapted cells

suggesting that NaCl adapted cells have H +-electrochemical gradient requirements under steady state ion

transport conditions similar to those of unadapted cells. In the glycophyte tobacco, plasma membrane H +-

ATPase mRNA did not accumulate in roots or leaves in response to NaCl. However, in A. nummularia plants,

the plasma membrane H + -ATPase mRNA increased during NaCl adaptation in roots but not in leaves or stems.

This differential regulation between glycophyte and halophyte roots could reflect a greater ability of halophytes to

regulate symplastic Na + uptake into roots through an energy dependent plasma membrane effiux mechanism

coupled to the H + electrochemical gradient. The 70 kDa subtmit mRNA was induced by NaCl in old leaves but

not in roots or young leaves of a glycophyte indicating that in saline environments promoting vacuolar

compartmentation of ions in older leaves involves the tonoplast H +-ATPase.
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IDENTIFICATION OF THE VACUOLAR Na+/H+ ANTIPORT

Bronwyn J. Barkla and Eduardo Blumwald

Centre for Plant Biotechnology, Department of Botany, University of Toronto, 25 Willcocks St,

Toronto, Ontario lvlSS 3B2, CANADA.

Vacuolar sodium accumulation is important for the survival of plants in saline

environments. The vacuolar Na+/H +antiport has been characterized in sogar beet _ vulgaris)

(1). The increase in the NaC1concentration in the growth media resulted in an enhanced Na+/H+

exchange activity that was correlated with the increased synthesis of a 170 kDa tonoplast

polypeptide. A polypeptide with the same molecular mass was also found to incorporate _H]-

MIA, an amiloride analog (2). Pretreatment of beet tonoplast vesicles with antibodies generated

against this polypeptide completely inhibited the Na+/H+ antipon activity (3). Western analysis

of tonoplast proteins revealed that the antibody specifically precipitated the 170 kDa polypeptide

in beets and barley, but show_ no cross reaction in tomato (a glycophyte that lacks vacuolar

antiport activity). Gene expression at the mRNA level was investigated in cells grown in

different salt concentrations. In _ translation products were purified by immunoprecipitation

and compared with tonoplast proteins synthesized innvivo in the presence of increasing NaC1

concentrations. The use of the 170 kDa polypeptide antibody for immunopurification and

reconstitution, and for the molecular cloning of the antiport will be discussed.

1. Blumwald, E. and Poole, R.J. (1987). Plant Physiol. 83:884-88Z ..

2. Barkla, B.J., Charuk, J.H.M., Cragoe, Jr. E.J. and BlumwaM, E. (1990).

Plant Physiol. 93:924-930.
m

3. Barkla, B.J. and BlumwaM, E. (1991). Proc. Natl. Acad. Sci. (USA) 88:11177-11181.
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CHARACTERIZATION OF THE CHL1 GENE FROM ARABIDOPSIS

Nigel M. Crawford 1, Yi-Fang Tsay 1 and Kenneth Feldmann 2

1. Dept. of Biology, 0116, UCSD, La Jolla, CA 92093

2. Dept. of Plant Science, University of Arizona, Tucson, AZ 85721

One can isolate mutants that are defective in nitrate assimilation by

selecting for resistance to chlorate, the chlorine analog of nitrate. Almost all

chlorate resistant plants have been found to be defective in chlorate and

nitrate reduction (nitrate reductase deficient). Mutations at the chll locus of

Arabidopsis, however, result in defects in chlorate and nitrate uptake and

have little effect on nitrate reduction (1). It is possible that the CHL1 gene

encodes a transport protein that facilitates nitrate and chlorate uptake.

We have obtained a ehll mutant from a population of T-DNA-

transformed Arabidopsis plants that contain a T-DNA insert at or near the chll

locus. DNA sequences flanking the T-DNA insert were cloned from wildtype

plants and shown to contain a gene that encodes a 2 kb mRNA. Using RFLP

markers, we found that the cloned gene mapped to the top of chromosome 1

where chll is located. In addition, a chll mutant was identified in which the

cloned gene was deleted. The Chll" phenotype of the deletion mutant could be

complemented with a wildtype copy of the gene. Thus, the gene we cloned

from the T-DNA insertion mutant is the CHLI gene.

Analysis of the sequence and expression of the CHL1 gene has provided

support for the hypothesis that it encodes a transporter. The predicted protein

is very hydrophobic and may contain 12 transmembrane segments. CHL1

mRNA is found primarily in roots and is regulated by nitrate. Experiments are

now in progress to study the activity of the CHLI gene product in heterologous

systems.

(1) Doddema, H. and G.P. Telkamp (1979) Uptake of nitrate by mutants of

Arabidopsis thaliana, disturbed in uptake or reduction of nitrate. Physiol.
Plant. 45" 332-338.
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ABSCISIC ACID-INDUCED INOSITOLPHOSPHOLIPID TURNOVER IN GUARD

CELL PROTOPLASTS OF _ FABA

Chot, Y.B., train, R.C. 1, Aaumnn, S.N. 2 and Lee, Y.

OeplrtIent of Life Science, Pohlno Institute of Science ind Technology, Pohang 790-600, Korea,

1Department of Note- mr end Celt 8totogy, University of Connecticut, $torrs, CT 06269, USA,

2Harvsrd Biological .aboratories, 16 Divinity Avenue, Cambridge, NA02138, USA.

Al:xicisic acid (AILA), • phytohormone stimulating stomtal closure, elevates cytosolic Lea2+] in a

subpolxJtetton of plant guard cells (1). Ntcroinjectad inosttot 1,4,5-trtsphosl_ate (InsP3) , one of
the second messengers of phosphotnositide cycle, elevates cytosottc ICe 2+] and stimulates stomatat

• closure in Colmet|nl_ comuJnis (2). Also, this lnsP 3 closes inward K+-chennels in plasma m_brane of

guard cells of _ feba (3). Therefore, stomstat closure could be stimulated by ASA via InsP3,

released from hydrolysis of 1:hosphatidyltnositot 4,5-b|st_osphete (PtdlnsP2).

We have quantified the changes in the Level of phosphotiptds of guard celt protoptasts of Vic|a faba

during 10, 60, 180, 300, end 600s of AEA treatment. The phosphottpids in guard cells were Labeled by

incubating the cells in 32[p]-orthol:hosphate-conta!ntng medium, separated by TLC, identified by co-

separation with unlabeled standards, and the radioactivity in each bind determined.

Upon treatment with ALIA, inosttotphosphottptd levels in guard cells changed by up to 20-30%.

PtdlnsP 2 Levels initially decreased (at 10 sac) followed by a gradual increase (60 to 180 sac). A

second Large decrease tn PtdlnsP 2 Levels was observed at 300 sac of treatment, perhaps indicating a

second pulse of Lipid hydrolysis. Changes in the levels of phosphattdyttnosttot (Ptdlns) and

phosphatidyLtnos|toL 4-phosphate (Peal|niP) were consistent with our hypothesis that ABA initiates a

cascade of events leading to pulsettLe PtdlnsP 2 hydrolysis which ts rapidly followed by activation of

Ptd|ns 4-k|nese _ Ptdlns(4)P 5-ktnsse end PtdlnsP 2 resynthes|8. In contrast, phosphstidytcholine

and phosphettdytethanollmins levels changed Less than 5Z C(lllplred over the entire course of ABA

treatment (figure).

In _ fsbs lind Conlnet.irql conllultl_, it has been reported that only one-third of guard cells elevate

cytosoLt¢ [Ca2+] upon AlIA treatIent (1,4). Thus it is possible that hydrolysis of PtdlnsP 2 occurs

in 8 sul:population of guard cells only. Then the extent of changes in PtdlnsP 2 level it: the

subpoputation of cells my be each Larger than we observed in the arullysis of whole popJtation. Our

results suggest that inositol phospholip|d turnover my play in |mportlnt role in one intrecelluLar

signal trarulduction pathway mediating ASA and stommtat closure In _ f.9._.

1. Gitroy, S., Fricker, M.D., Reed, N.D. and Treweves, A.J. (1991) The Plant Cell 3, 333-344
2. Gitroy, S., Read, N.D. and Trewavas, A.J. (1990) Nature 346, 769-771
3. 8lstt, N.R., Thief, G. and Trenthm, O.R. (1990) Nature 346, 766-769
4. Schrosder, J.l. and Hagiwera, S. (1990) Prec. Natl. Acad. Sci. USA 89, 9305-9309
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F|gure. AgA-tnduced changes in the phosphottptd Levels in guard celt protoptests of v|cis faba.
Averages and standard errors from 5 separate experiments ere plotted.
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RECEPTORS COUPLED TO GUANINE NUCLEOTIDE-BINDING PROTEINS IN

HIGHER PLANT CELLS.

Wise, A., White, I.R. and Millner, P.A.

Department of Biochemistry and Molecular Biology, University of Leeds, Leeds, LS2 9JT, U.K.

Recently, a gene, GPA1, coding for a heterotrimeric G protein o. subunit has been cloned and sequenced in A.

thaliana (1). Affinity chromatography of detergent solubilised microsomal membranes from etiolated Z. mays

hypocotyls was carried out using a 16-amino acid pepdde corresponding in sequence to the C-terminus of the

A. thaliana GPA1 gene product as affinity ligand. Solid-phase microsequencing of a 37 kDa protein, which

was present throughout column elution with a 0-2 M NaCI gradient, allowed identification of 12 N-terminal

hydrophobic amino acids which did not show homology with any protein sequences currendy within the OWL

composite protein database. However, due to its hydrophobicity, this sequence could act as part of a

membrane-spz:)ning domain. Since there is evidence indicating that receptors interact oviS:the C-terminal

region of G protein a subunits (2,3) it may be that this protein represents a G protein-coupled receptor.

Secondly, the binding of [35S]GTPTS to P. sativum plasmalemma was found to be stimulated by 50% in the

presence of the mastoparan-related amphiphilic tetradecapeptide, Mas 7. The latter is known to activate

mammalian Ga subunits (4), p_3sibly by mimicking the third cytoplasmic loop of G protein-coupled

receptors. This data indicates that G proteins in plants may be regulated in an analogous manner to their

mammalian counterparts.

References.

1. Ma, H., Yanofsky, M.F. and Meyerowitz, E.M. (1990) Proc. Natl. Acad. Sci. 87, 3821-3825.

2. West, R.E., Jr., Moss, J., Vaughan, M., Liu, T. and Liu, T.-Y. (1985) J. Biol. Chem. 26,0, 14428-14430.

3. Palm, D., Munch, G., Malek, D., Decs, C. and Hekman, M. (1990) FEBS Lett. 261,294-298.
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CALCIUM-DEPENDENT PROTEIN KINASES AND THEIR ROLES IN SIGNAL

TRANSDUCTION

Alice C. Harmon 1 and David W. McCurdy 2

1Department of Botany, University of Florida, Gainesville, FL 32611-2009

2Research School of Biol. Sci., The Australian National University, Canberra, A.C.T. 2601, Australia

Calcium-dependent protein kinase (CDPK) is present in numerous plant and algal species (5). In

flowering plants it is found in roots, stems, cotyledons, leaves, and pollen. Immunological and

biochemical evidence shows that CDPK is associated with the plasma membrane (6), F-actin (3), and

the symbiosome membrane (7). Molecular genetic evidence indicates that there are several CDPK

isoenzyrnes (1, 2, 5). The existence of a family of calcium-dependent protein kinases having different

substrate specificities, different sensitivities to calcium and/or other regulators, and different cellular

locations would help explain the involvement of calcium ions in diverse signal transduction pathways.

One role that CDPK may play is to mediate the inhibition of cytoplasmic streaming by Ca2+.

The distribution of CDPK in the green alga Chara is similar to that of myosin (4), a mechanoenzyme

which is thought to be responsible for the movement of the endoplasm and organelles along F-actin

cables. In vitro CDPK phosphorylates the regulatory light chain of smooth muscle myosin. In perfused

internodal cells of Chara, a 16-18 kDa protein tentatively identified as a myosin light chain is

phosphorylated in a calcium-dependent manner. Phosphorylation of this protein is blocked by

previous perfusion with monoclonal antibodies directed against soybean CDPK. Taken together these

data support the hypothesis that the calcium-stimulated phosphorylation of myosin inhibits

cytoplasmic streaming.

1. Choi, J.J.,and K.-L. Suen. 1991. Plant Molec. Biol. 17:581-590

2. Harper, J.P., G.E. Schaller, M.R. Sussman, C. Putnam-Evans, H. Charbonneau, and A.C. Harmon.
1991. Science 252:951-954

3. Putnam-Evans, C., A.C. Harmon, B.A. Palevitz, M. Fechheimer, and M.J. Cormier. 1989. Cell Motil.
Cytoskel. 12:12-22

4. McCurdy, D.W., and A.C. Harmon. 1992. Planta. in press

5. Roberts, D.M., and A.C. Harmon. 1992. Annu. Rev. Plant Physiol. Plant Mol. Biol. 43:375-414

6. Schaller, G.E., A.C. Harmon, and M.R. Sussman. 1992. Biochemistry 31:1721-1727

7. Weaver, C.D., B. Crombie, G. Stacey, D.M. Roberts. 1991. Plant Physiol. 95:222-27
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THE POSSIBLE MOLECULAR BASIS OF A BLUE LIGHT RESPONSE

Briggs, W. R., Short. T. W., Palmer, J., Reymond, P., Warpeha, K. M. F.,

and Poff, K. L.

Department of Plant Biology, Carnegie Institution of Washington, 290
Panama St., Stanford, CA

Blue light leads to the phosphorylatlon of a hydrophobic plasma

membrane protein ranging in molecular mass from 114 to 130 kDa in

etiolated tissues of all species tested to date. An Arabidopsis thallana

mu-tant showing impaired phototropism shows impaired light-driven

phosphorylation. Progress in sequencing and characterizing this protein

from pea will be reported. The reaction can be driven in vivo, in vitro in

highly purified plasma membrane vesicles, or in plasma membrane

vesicles solubilized with non-ionic or zwitterionic detergents. Evidence is

presented that the photoreaction is flavoprotein-mediated, and that the

action of light is to activate the kinase moiety, rather than to expose

substrate sites for phosphorylatlon by a constitutive kinase. The reaction

requires three elements: the phosphorylation substrate, the kinase

activity, and the photoreceptor moiety. We are currently addressing the

question as to whether one, two, or perhaps three or more polypeptides

are involved. Preliminary evidence indicates that the substrate protein

contains an ATP-binding site--a prerequisite for kinase activity--and a

covalen_y bound flavin--a prerequisite for photoreceptor activity. We are

testing the hypothesis that all three elements reside with a single

polypeptide.
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A MALATE-SELECTIVE ION CHANNEL AT THE VACUOLAR MEMBRANE OF CAM

PLANTS

Smith, J.A.C., Pennington, A.J. and Pantoja, O.

Department of Plant Sciences, University of Oxford, South Parks Road,

Oxford OX1 3RB, United Kingdom

Malate is an abundant anion in plant vacuoles, often being the major

anionic solute involved in charge balance with inorganic cations such as K+

and Ca 2+. Following its Synthesis in the cytosol, malate must be

transported across the tonoplast into the vacuole, but the molecular

pathway for movement of malate has not been fully clarified. We have been

studying plants showing crassulacean acid metabolism (CAM), in which malate

accumulates to high concentrations in the vacuole as a result of nocturnal

" fixation of CO 2. The aim of these experiments has been to establish the

transport mechanism for malate influx across the tonoplast.

We have applied the patch-clamp technique to isolated vacuoles of the

CAM plant Kalancho_ daigremontiana to record the electrical currents

associated with malate transport. In symmetrical solutions containing

malate as the only permeant ion, large currents indicative of malate influx

could be detected in the whole-vacuole configuration at inside-positive

potentials (averaging 1.96 nA at +100 mY}. Recordings from isolated

patches of membrane revealed the presence of small single-channel currents

corresponding to a channel with a mean unitary conductance of 3.4 pS in

symmetrical 100 mM malate solutions. The channel had a relatively high

open probability, a high area density, and accounted quantitatively for the

characteristics of the whole-vacuole currents. Further, the anion

dependence of these currents showed the same selectivity sequence as found

in experiments with tonoplast membrane vesicles.

The properties of this inward-rectifying malate channel are distinct

from other channels in the tonoplast that can conduct anions, such as the

well-characterized SV and FV channels. We believe it represents a novel

type of voltage-gated ion channel responsible for malate influx across the

tonoplast in CAM plants.
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CALCIUM CHANNELS AT THE TONOPLAST

Sanders, D., Brosnan, J.M. and Johannes, E.

Biology Department, University of York, York YO1 5DD, UK.

Calcium release from the vacuole is thought to play a central role in several types of

stimulus-response coupling. We report here the characterization of two Ca2+ channels, which

both mediate entry of Ca2+ to the cytosol from the vacuole.

An inositol 1,4,5-trisphosphate flnsP3)-sensitive Ca2+ pool in plants is associated with
the vacuolar membrane (tonoplast) (1). Using tonoplast-enriched microsomes from beet

storage root, we demonstrate that the properties of Ca2+ release are remarkably similar to

those of lnsP3-elicited Ca2+ release in animal cells, despite the fact that the two receptors are

localised at different endomembranes. Thus the plant and animal systems resemble each other

with respect to K0.5 for InsP3, InsP3 specificity, so-called "quantised release" and inhibition by

TMB-8 and by low Mr (4 - 6 kDa) heparin (2). Inhibition by heparin is competitive with

InsP3, and the derived Ki is 34 riM. The potency of heparin decreases dramatically as the
degree of polymerization in increased.

Characterization of InsP3-specificbinding to beet membranes is not possible: formate

anion exchange chromatography reveals extensive metabolism of lnsP3. The InsP3 receptor

from beet storage root was therefore solubilized, and its ligand-binding properties studied by

displacement of [3H]-InsP3. InsP3-specific binding accounts for around 40% of total InsP3
binding, is optimal in alkaline conditions and co-purifies with tonoplast. Scatchard plots of

InsP3-specific binding yield a single binding site of Ka56 nM and Bin,x = 8 fmol/mg in

microsomes, rising to 30 fmol/mg in partially-purified tonoplast. Low Mr heparin also

competes for the lnsP3-specific binding site. All these properties - with the exception of

membrane location - confirm the similarities of the plant and animal InsP3 receptors.

We have also identified a second pathway for Ca2. release in the tonoplast-enriched

microsome preparation (3). This pathway is voltage-sensitive, InsP3- and heparin-insensitive

and, unlike InsP3-elicited Ca2+ release, is potently inhibited Gd3+. The location of the

voltage-sensitive pathway has been confirmed by patch clamp of intact vacuoles, where a

voltage-gated, Ca2+-selective channel bearing a similar K_for Gd3+ has been discovered.

Possible reasons for the evolution of discrete pathways for Ca2+ release from higher plant
vacuoles will be discussed.

1. Schumaker, K.S and Sze, H. (1987) J. Biol. Chem. 262, 3944-3946.

2. Brosnan, J.M. and Sanders, D. (1990) FEBS Lett. 260, 70-72.

3. Johannes, E., Brosnan, J.M. and Sanders, D. (1992) The Plant Journal 2, 97-102.
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EPIDERMAL MECHANOSENSORY CALCIU" :ELECTIVE CF '_NELS DETECT

TRANSMEMBRANE POTENTIAL, TEMPERA E, "MURAL" AND AUXIN

Ding, Jiu Ping and Pickard, BarbaraG.

Biology Department, Washington University, St. Louis M0 63130-4899, USA

Epidermal cells of onion leaf sheath and bulb scale contain stretch-sensitive Ca2+-seiective cation

channels. Sensory function is implied by effects of xenobiotics: the lanthanide Gd3+ and the cytoskeleton-

perturbing herbicide ethyI-N-phenylcarbamate, selective inhibitors for gravitropism, act on the channels at

micromolar levels.

The channel system is a complex of linkable equivalent conductance units or "cochannels". As many

as 8 or 9 cochannels can open together. Open time for cochannel quadruplets and quintuplets tends to be

relatively long with 2 mM Mg2+ and no added Ca2+ at the cytosolic face. In patches, at least, the channel

system "fatigues"or "adapts"when strongly stimulated, and "recovers"when tension is released. Under some

circumstances, channel activity is synchronized in rhythmic pulses.

Mechanical tension is the only stimulus known to activate these channels. However, sensitivity to

tension is modulated by at least the following four physiological agents (see Posters for details).

1.3"P,ANSMEMBnTOJEPOT_rrtAL. In the physiological range, hyperpolarization to more negative Vm

reversibly increases stretch-elicited activity. (When membrane potentials are clamped in the positive,

nonphysiological, range, however, polarization to more positive Vm enhances sensitivity.)

2. TEMPERATURE. D..._ecreaseof temperature in the range --26°C - -6°C reversibly increases stretch-

elicited activity. When temperature is lowered a degree further,sensitivity drops sharply and irreversibly.

3. AUXIN. Concentrations of --0.5/zM auxin (indoleacetic acid) appear to enhance sensitivity to

tension, while higher levels such as 2 or 3/zM appear to cause decline of sensitivity toward its basal level.

Perfusion with 0/_M auxin partially reverses the decline, which may often have a component "fatigue'.

Repeated reversibility of the effects of each single concentration step must be demonstrated before these

interesting results can be interpreted definitively.

4. pH. Within the range 4.5 to 7, lowering pH at the mural membrane face lowers sensitivity. Changes

within this range are repeatedly reversible.

While it is mechanistically important that responses to these modulators are self-contained within

excised patches, it is physiologically important that suction activates channel currents in protoplasts patched

in the whole-cell mode. Further, either touching a current-clamped whole-cell preparation or changing its

level of bathing osmoticum can drastically alter Vm and initiate a series of complex changes which, in the

latter case, are sensitive to Gd3+. Experiments of this pe may increase understanding of interactions

between the several kinds of plasmalemmal channels anct of channel roles in vivo. At this moment, the

mechanosensory channels seem likely to integrate avariety of signals for a large number of plant processes.



MOLEC_ AND FUNCTIONAL ANALYSIS OF

TONOPLAST INTEGRAL PROTEIN (TIP).

Maarten J. Chrispeels, Christophe Maurel, Herman H6fte,

Kenneth D. Johnson, and Edward Himelblau

Department of Biology, University of California, San Diego, La Jolta, CA 92093-0116

The tonoplasts of many plant cells contain an abundant 27 kD integral membrane
protein called tonoplast intrinsic protein or TIP that exists as several isoforms and
is encoded by a small gene family. The different members of this family are
expressed in an organ specific manner, or in response to certain stimuli. So far four
different isoforms have been found: aTIP is an embryo (seed) specific form, TTIP is
specific for vegetative and reproductive organs, water stress induced TIP is
expressed when plants are dehydrated, and NOD26 is expressed in symbiotic
nodules of legumes. Construction of a parsimonious phylogenetic tree of 7 genes
shows that sequences from different plants that have similar expression patterns
are clustered. The TIP proteins belong to a superfamily that is known as MIP and
has representatives in bacteria, yeast, insects and mammals. The prototype protein
afler which this family is named is the membrane intrinsic protein (MIP) of the gap
junctions of bovine lens fibers. The amino acid sequence identity between these
different proteins is low (28-35%), but all the proteins have six membrane spanning
domains and probably have the same topology with the amino and carboxy termini
in the cytosol.
The expression of TTIP in Arabidopsis thaliana has been examined in considerable
detail using both GUS fusions and in situ hybridisation. The GUS fusions show
strong expression in young roots, and elongating stems (especially in the vascular
bundles) in stipules and in the receptacle of the flower. There is no expression in
meristematic tissues such as root tips or the center of the rosette. In situ
hybridisations confirm this pattern and show a very clear correlation in roots and
stems with cell elongation. How do we interpret such results? At the time of cell
elongation the tonoplast probably acquires new function(s) that are not present in
the tonoplasts of the small vacuoles of meristematic cells.
We have taken several approaches to understand the function of TIP: patch clamp
experiments with tobacco leaf vacuoles that have transgenic aTIP from bean seeds,
and uptake of radiolabeled metabolites by such vacuoles from transgenic tobacco;
on Xenopus oocytes injected with a-TIP and T-TIP mRNA we performed voltage
clamp experiments as well as swelling assays. The latter experiments were
patterned after similar experiments carried out with CHIP28, a member of the MIP
family characterized in erythrocytes (Preston et al, Science 256:385-387, 1992).
Xenopus oocytes expressing a-TIP, T--TIP or CHIP28 when exposed to a hypo-
osmotic solution quickly swell and may burst within a few minutes. The swelling of
oocytes that express TIP is inhibited by mercuric chloride, a typical inhibitor of
water transport in red cells and kidney tubules. We interpret these reu]ts to mean
that TIP like CHIP28, is a water channel. The pattern of TIP expression in seeds,
elongating cells and as a result of water stress is consistent with the physiological
need for rapid water transport into the vacuole.
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OVERVIEW OF INTRACELLULAR ION MEASURMENTS USING FLUORESCENT
PROBES

Bush, Douglas, Rutgers University.
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PRINCIPLES OF DYE DESIGN AND USE

Kao, J., University of Maryland.
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TEMPORAL AND SPATIAL MONITORING OF CYTOPLASMIC CALCIUM IN

FUCUS EGGS AND ZYGOTES: DEVELOPMENTS USING PHOTOMETRY AND

CONFOCAL RATIO IMAGING

C. Brownlcc, F. Berger, S.K. Roberts & A.R. Taylor

Marine Biological Association, The Laboratory, Citadel Hill, Plymouth PL1 2PB U.K.

A variety of techniques now exist for spatial and temporal monitoring of cytoplasmic

calcium. In plant cells, the AM ester and free acid forms of fura-2 and indo-1 have limited

applicationsand interpretationofdataobtainedwiththeseformsofthedyesneedsappropriate

caution.Fura-2andindo-1bothhaveshortcytoplasmicresidencetimeswhen injectedasfree

acidintoFucus eggsand rhizoids.Thislimitstimeavailableforusefulmeasurementsof

cytoplasmiccalciumto20-30rainfollowinginjection.

Dextran-conjugateddyescanlargelyovercomethisproblem.Fura-2dextran(I0,000mr)can

be iontophoreticallyinjectedintoFucus eggsand has been usedto monitorcytoplasmic

calciumduringfertilization.Transientelevationscanbeobservedcorrespondingtotheonset

ofthefertilizationpotential.The intracellularbehaviourofdextran-linkeddyesiscritically
evaluated.

Longer wavelength calcium indicators, such as fluo-3 and calcium green can potentially be

used in most scanning laser confocal microscopes for high resolution imaging. These single

wavelength dyes must be used with caution, especially in thick pigmented cells or tissues

since attenuation of the exciting laser can give artifactual information. This problem can be

largely overcome by ratioing against a calcium-insensitive dye. We have pressure injected

constant proportions of calcium green dextran and the pH dye, SNARl= dextran into recently

fertilized Fucus zygotes. SNARl: fluorescence emission, monitored at the pH isosbestic point

provides a baseline against which to ratio the calcium green signal. This technique has

allowed calcium gradient formation to be followed in the same zygote during polarization and

germination over 24h. Confocal ratio images show a highly localized Ca2. gradient

developing at the growing rhizoid end. Localized elevations can be observed in rhizoid cells

of the same age injected with dye either 1 or 24 h previously. Alternative digital

deconvolution techniques for high resolution imaging with fura-2 are also discussed.
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CONFOCAL FLUORESCENCE RATIO ANALYSIS OF ION CONCENTRATIONS IN

PLANT CELLS.

M.D. Fricker t and N.S. White2

! Department of Plant Sciences, University of Oxford, South Parks Road, Oxford, OX1 3RB, UK.

2 Depamnent of Zoology, University of Oxford, South Parks Road, Oxford, OXI 3PS, UK.

Confocal scanning laser microscopy (CLSM) permits non-invasive blur-free optical sectioning from

intact, living tissues. The volume sampled (voxel) is well defined and quantitative measurements of

fluorescence intensity are not corrupted by out of focus information. The realised spatial resolution improves

localisation of dye signals in particular sub-cellular compartments. When combined with fluorescence ratio

analysis (FRA), CLSM is the optimum solution for quantitative imaging in living cells.

Our BioRad MRC600 CLSM system has been modii_! to increase the number of excitation wavelengths

available in addition to the 488nm & 514nm argon-ion lines. The dual emission UV-dye, lndo-l, was

imaged after microinjection into a guard cell using a 325nm He-Cd laser, but biological experiments could

not be performed conveniently with the UV-microscope configuration. [I-I*]i and [Ca2.]i were successfully

imaged with alternating dual excitation at 442nm and 488nm and dual channel imaging at 520nm and 600nm

using BCECF and Fura-Red. Shuttering between lasers was synchronised to the data collection software

(TCSM, TMBioRad Microsciences Ltd). Sampling rates depended on the size of the image scanned, the

number of frames integrated and the disc access time for image storage. Line scans allowed sub-second

sampling, whilst 2-D ratio images typically required about 2s. Alternatively, the average ratio from a number

of user-defined regions, such as whole cells or areas of the same cell was calculated on-line during the

experiment. Graphical presentation of the ratio allowed dynamic changes to be followed during the

experiment and synchronised with treatments via annotation of the traces.

Loading of probes into the cytoplasm of plant cells is problematic. Micromjection has proved

reliable in a number of tissues and also provides a means to introduce other compounds, such as caged

probes. With conventional camera imaging, fluorescence from the dye in the electrode inteferes with

measurements from the cytoplasm, unless the electrode can be positioned outside the field of view. Optical

sectioning uisng CLSM excludes the signal from dye in the electrode, which can therefore remain in place

during fluorescence measurements. This can be exploited for simultaneous electrophysiological recording to

allow correlation of ion transients with I/V analysis of membrane transporters.
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ALTERATIONS OF INTRACEi/_UI.AR pH DUP/NO BACTEP/AL HYPERSF, NSITIVE

REACTION: A CONFOCAL LASER SCANNING MICROSCOPY STUDY.

Pike, S., Popham, P., Novaeky, A. and Freeman, J."

Departmentof Plant Pathology, University of Missouri, Columbia, MO 65211 and "Monsanto Chem. Co., St.

Louis, MO 63198.

During the bacterialhypersensitive reaction (HR) suspension-culturedcells release K. andother ions into

the surroundingmedium and the medium alkzlinlzes. Atkinsonand coworkers (1) hypothesized that the interior

of the cell acidifies correspondingly;however, the hypothesis has never been substantiated in cells with intact

intracellultr compartments. We have demonstratedthat the cytosol of suspension cultured cells acidifies during

HR using a fluorescent pH probe and Confocal Laser Scanning Microscopy (Bio-Rad MRC-600 confocal system

with argon laser.) Cotton suspension culturedcells (Oassypium h/rsutum, ev Im 216) were loaded with the pH

probe SNARF-I (Molecular Probes, Inc.) prior to treatmentwith the nonhost bacterial pathogen Pseudomonas

syringae pv. taba¢/. A change in fluorescence indicating acidification was observed in some cells as early as 1

h. By 18 h most cells in the bacterially-treated samples exhibited eytosofie acidification in contrast to media-

treated controls. These results indicate that fluorescent probes in conjunction with Confocal Laser Scanning

Microscopy will facilitate the study of early cytosolic and vacuolar changes duringHR.

I. Atkinson, M., Huang, J. and Knopp, J. (1985) Plant Physiol. 79: 843-847.



MANIPULATION OF INTRACELLULAR ION CONCENTRATION BY
CAGED PROBES

GUroy,S.

Department of Rant Biology,Universityof California,Califomia 94720, USA

Visualizationof the levelsof cytosolic ionconcentrationsusingratio analysisor confocal

imagingcanrevealthe potential roleof these ionsinthe pathwaysof signaltransduction

in plantandanimalcells.Suchstudieshavealreadyindicateda closeassociationbetween

increasesin cytosolicCa2+ andthe inductionof stomatal closure(i-3). However,these

investigationshave generallybeen correlativein nature. Forexample,althoughwe have

visualizedlocalizedincreasesin cytosolicCa2+ associatedwiththe inductionof stomatal

closurein guardcellsof Comrnelinacomrnunis, this doesnot directlyindicatethe roleof

these changesinthe signaltransductionprocess(2).

However,we have been able to follow the stomatal responsein guardcellswhereCa2 +

or inositol 1,4,5-trisphosphate (InsP3) hasbeenreleasedto the cytosolfrom its caged

(photoactivatable)form.CytosolicCaZ+ levelswere simultaneouslymonitoredusingthe

fluorescentCa2 + indicator Fluo-3. Increasing Ca2 + levels from basal (100 nM) to

greater than 600 nM through photolysis of caged-Ca2+ induced stomatal closure.

Increasesto below this critical thresholdwere ineffective at modulatingthe stomatal

response.SimUady,release of InsP3 from its cagedform initiatedan increasein Ca2 +

in the cytosolwhichprecededthe inductionof stomatal closure.These resultssuggest a

direct role for Ca2+ in triggeringevents leadingto the stomatal responseand implicate

InsP3 in mobilizingCa2 + from intracellularstores as part of the signal transduction

pathway in the guard cell. This potential for the use of caged probes to directly

investigate the role of changesin the levelsof signalingmoleculesin single,livingplant
cellswill be discussed.

1. McAinsh,M. R. etal. (1S90) Nature 343, 186-188.

2. Gilroy,S. eta/. (1991) Plant Cell 3, 333-344.

3. Irving H. R. et al. ( 199 2) Proc. Natl. Acad. Sci. USA 89,1790-1794.
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PROTONBLOCKOFK CHANNELSINPLASMAMEMBRANEOFGUARDCELLPROTOPLASTS:A PATCH-CLAMP
STUDY.
N.llon',A.Schwartz*andN.Moron_.

'DeportmentofBotany,FacultyofAgriculture,HebrewUniversity,Rehovot76100,and

i_.DeportmentofNeurobiology,W_izmannInstituteofScience,Rehovol76100,Israel.

Duetotheintermittentactivationoftheprotonpumpduringmovementofstomata,pHinguardceil
apoplostvariesbetween7.2and5,Iinclosedandopenstomata,respectively.Duringthesemovementsand

pHchanges,massiveK+ fluxescrossthecellularplasmamembraneaccompanyingtheosmoticchangesof
turgotandvolumeof guardcells.Therefore,weexaminedtheeffectof extrocellulorpHonK+ fluxesvia
plosmolemmolK channelsin /,_',,_/'o6oguardcellprotoplostsusingpatchclamp.Thismethodpermitson
accuratecontrolofthecompositionofthesolutionsfacingboththeexternalandthecytoplasmicsurfacesof
thecellmembrane.Wecalculatedmembraneconductancefrommembranecurrents,in "whole-ceil"
configurotionoormeasureddirectlysinglechannelconductanceinexcisedpatches,in "outside-out"
configuration.The"macroscopic",i.e.,overage,steady-stateconductance,(:Jss,conbedescribedinterms
of =NbPo1',whereNisthetotalnumberof channels,1' isthesinglechannelconductance,bisthe
probabilityofo channelnotto beblockedbyprotons,andPo istheprobabilityofchannelgatesto bein
theopenstate. WefittedPototheconductance-voltagerelationship,basedono threestatemodelfor
channelgating,C-C-O(closed-closed-open).Thus,Nbl, isvoltageindependent,andPo embodiesthe
voltagedependenceofchannelgating.

Increasing[H+]o from 7 nMto40 ,uM(pH8.1to pH4.4) shiftedthetimeconstants('r's)of
activationanddeactivationtowardsmoredepolarizedpotentials,anddecreasedthesteady-stateconductance
oftheDepolarization-dependentK channels(KD channels)byabout70 ?,. Incontrastto theobviouseffect
ofprotonsonkinetics(andthereforeongating),PodidnotappearchangedbypH(thisconbeinterpretedon

thebasisoftheparticularsof theCCOmodelfittedto thedata). Since1' wasalsonotaffectedsignificantly
byprotons,themajoreffectinsteadystatehodtobeattributedtoo decreaseinNb.Assumingthatthisis
duetoo protonotionof o sin.glesite,weestimatedits dissociationconstantas10/,M (pKo=5.0).ThispKo
wasindependentof voltage.

Increasing[H+]o from 7 nMto .3.¢M(pH8.1to pH5.5) increasedthetimeconstants('r's)of

activationanddecreasedthesteady-stateconductanceoftheHyperpolorizotion-dependentKchannels(KH
channels)byabout20_,. Theblockingeffectof protonsongatingof theKHchannelwasreflectedalsoin
changesintheparametersof thefittedPo.Theeffectof protonsonthesteady-stateconductancecouldbe
describedintermsofo protonotionofo singlesite,embeddedwithin1/4 of thedistanceofthemembrane
electricalfield,withonapparentvoltage-dependentpKo,rangingapproximatelybetween5.4and4.6,at
membranepotentialsbetween-120 and-200 mV,andextrapolatedto 6.7at 0 mVappliedpotential.These
findingscontrastsharplywiththepromotingeffectofprotonsonKHchannelsactivityat pHrangeB.1- 5.5
observedinintactguardcells(Blott,M.J.Cen.Physiol.1992,InPress).

Interestingly,furtherincreaseof [H+]oinprotoploststo40._M( pH4.4) causedonincreaseof
KHchannel"macroscopic"conductance,roughJyby .307,,aswellaso decreaseof'r'sofactivation.

Examiningthesechannelsatthesingle-channellevelwillhelpresolvingmorespecificallywhichof the
componentscomprisinggssisresponsibleforeachof thepHeffects.
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SECOND MESSENGER REGULATION OF ION TRANSPORT IN GUARD CELLS

OF VlCIA FABA

Assmann,S.M.

Departmentof Organismicand EvolutionaryBiology,HarvardUniversity,Cambridge,MA 02138

Changes in guardcell turgorresultingfrom ionuptakeor effluxmodulatethe apertures of stomatal pores,

through which photosyntheUcCO2uptakeand transptrationaJwaterlossoccur. Guard cells are responsive

to many of the environmentalsignalsthataffectphotosynthesisand plantwater status, includinglight,

CO2, drought,and ambienthumidity. However,the mechanisms bywhichthese environmentalstgnals

are translatedintoalterationstn guard-cellion contentand turgorare onlybeg, _gto beunravelled. In

this presentation,currentevidence regardingIlpids,G-proteins,and cytosolicCa2+ concentrationsas

second messengers regulatingguard-cellionicfluxeswillbe discussed(1,2,3). In addition,evidencewill

be presentedfor G-proteinregulationof outwardK+ channelsin mesophyllcellsof Vicia labs.

I. Faldey-Grenot,K.A.andAssrnann,S.M. (1991) EvldenceforG-protelnregulationof inwardK+

channelcurrentinguard cellsof fava bean. The Plant Cell 3, 1037.1044.

2. Fairley-Grenot,K.A.and Assmann, S.M. (1992) Permeationof Ca2+ throughK+ channels tn_e

plasmamembraneof Vicla faba guardcells. J. Membr. Biol., inpress.

3. Lee, Y. and Assmann, S.M. (1991) Diacylglycemlsinducebothion pumpinginpatch-clampedguard

cellprotoplastsand openingof Intactstomata. Proc. Natl. Acad. Sci. 8_ 2127-2131.
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TWO TYPES OF VOLTAGE-DEPENDENT ANION CURRENTS IN GUARD CELLS

Schrocder,J.I., Keller,B.U.* andKelly, W.B.

Departmentof Biology andCenterforMolecularGenetics, UCSD, La Jolla,CA 92093-0116, USA

*Permanent address: Dept. of Cellular Neurophysiology, Max Planck Institute for Biophysikalische Chemie,

GOttingen,Germany

Transpirational loss of water by plants is reduced by closing of stomatal pores in the leaf epidermis.

Stomatal closing is mediated by efflux of anions and K+ ions from guard cells (1,2). Anion channels in the plasma

membrane of guardcells may providea key molecular mechanism for the control of stomatal closing in leaves: guard

cell anion channels carry anion efflux (3,4) and simultaneously cause depolarization, which drives K+ efflux through

non-inactivating outward rectifying K+ channels (5). However,central questions regarding the regulation, diversity

and function of anion channels in guard cells have remained unanswered. We have now found that two highly

distinct _ of depolarization.activated anioncurrents operate in the plasma membraneof Viciafaba guard.cells (6).

One previously described (7) type of anion channel was activated rapidly within 50 ms by depolarization, inactivated

duringprolonged stimulation and deactivatedrapidlyat hyperpolarized potentials ("R-type"anion current). The other

depolarization-activaW.danion current showed extremely slow voltage-dependent activation and deactivation ("S-type"

anion current)(6). In contrast to R-typechannels, S-type anionchannels remained activated for prolonged durations

and may therefore account for the long-term anion effiux required for stoma_ closure. As anion currents have been

shown to be enhanced by depolarization (3,4) and by elevation in the cytosolic Ca2+ concentration (3), an abscisic

acid-activated Ca2+ permeable conductance (8) may contribute to anion channel activation. The distinct voltage- and

time-dependencies of S.type and R-type anion channels suggest that they may play different roles during

depolarization-associated signal transduction in higher plant cells and that these anion channels may contribute Io

different processes in the regulation of stomatal movements. In particular, the newly characterized slow and non-

inactivating nature of S-type anion channels (6) leads us to hypothesize that Ca2+-dependent (3) S-type anion

channels may provide a central molecular mechanism for the control of stomatal closing which is known to be

accompanied by long-term anion efflux and depolarization (1,2,9).

1. Raschke, K. (1979) In Encvclo_dia of PlantPhysiology, Edited by W. I-Iauptand M. F. Feinleib. 384-
441. Berlin: Springer.

2. MacRobbie, E. A. C. (1981) J. Exp. Botany 32,563-572.
3, Schrt_der, J. I. and l-Iagiwara, S. (1989) Nature. 338, 427-430.
4. Keller, B. U., Hedrich, R. and Raschke, K. (1989) Nature 343, 186-188.
5. Schroeder, J. I., Raschke, K. and Neher, E. (1987) Proc. Natl. Acad. Sci. USA. 84, 4108-4112.
6. Schroeder, J. I. and Keller, B. U. Proc. Natl. Acad. Sci. USA. (in press, June 1992).
7. Hedrich, R., Busch. H. and Raschke, K. (1990) EMBO J. 9, 3889-3892.
8. Schroeder, J. I. and Hagiwara, S. (1990) Proc. Natl. Acad. Sci. USA. 87, 9305-9309.
9. Ishikawa, H., Aizawa, H., Kishira, H., Ogawa, T. and Sakata, M. (1983) Plant Cell Physiol. 24,769-772
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PURIFIED CALCIUM CHANHEL BLOCKER BINDING PROTEIN FROM CARROT CELLS

FORMS C_..CIUM-PERMF_.ABLE ION CI-Ia, NNELS AF'XR RECON "TUTION

Thuleau,p.l, Oraziana,A.2,Ranjeva,R.2and Schroater, J. I. t

I Department of Biology, University of California San Diego, La Jolla, CA 92093-0116 USA, 2 Centre de

Physiologic V6g_AaleURA-CNRS 1457, Unive_sit_Pail Sabatier,31062 ToulouseCedex, France

A signal-induced increase in the cytosolic Ca2+ concentrationis considered to be among the most important

intraceilularmediatorsfor initiationof cellular and dental events in higherplants. The influx of Ca2+ into

the cytosol of plant cells is mediated by Ca2+-pertneablesignal-regulatedion channels which traverse the plasma

membraneandvacuolarmembrane(for review see I and2).

In spite of the demonstrationthatCa2+ influx systems are revolved in physiological processes in plants, the

molecular structureof Ca2+ channel components as well as mechanismsof their regulation remainunidentified to

date in higher plantcells. Ca2+ channel Mockersof thephenylaiky.Ira.nine family and bepridilareknown to interfere

with a variety of plantfunctions and to specifically inhibitCa2+influx into carrotprotoplasts(3). Recently, using a

phenylakylamineazido-detivative,a 75-kDaplasmamembranebindingproteinhas beenidentifiedin carrotcells (4).

We have now purified this Ca2+ channel blocker binding protein by lectin-affmity and ion exchange

chromatographiesand in_ the protein into phosphatidylcholinevesicles. Subsequendy,the small vesicles

were transformedinto giant li_es by the dehydmtion-rehydrstiontechnique.Single-channelpatch-clampstudies

on these proteoliposomes show the presence of Ca2+-selective channel currents(5). These Ca2+-selective channels

are not stable. Prolonged recordings give rise to non-selective ion channels with a permeability to calcium and

chloride ions. These non-selective Ca2+-permeableion channels, in contrast,are stable. The additionof bepridil, 10

_M, leads to the inhibitionof _ese non-selective Ca2+ channelsby reducing the probabilityof channelopening (5).

Our studies show tl_,atpatch-clamping of giant liosomes provides a potent approach for determining the

function of biochemically characterizedmembrane transportproteins in plants. Furthermore,these results suggest

that the 75-kDa calcium channel blocker binding protein from carrot cells may function as a Ca2+ conducting

component of higherplant calciumchannels.

1. I2onatd, R. T. and Hepler,P. K., eds. (1990) Calcium in Plant Growth and Development (Rockville, MD :

Americo..nSociety of PlantPhysiologists)

2. Schroeder,J. I. and Thuleau,P. (1991) The plant Cell 3,555-559.

3. Graziana,A., Fosset, M., Ranjeva,R., Hetherington,A. M. and Lazdunsid, M. (1988) Biochemistry 27,
764-768.

4. Thuleau, P., Graziana,A., CanuLH. and Ranjeva,R. (1990) Proc. Natl. Acad. Sci. USA 87, 10000-10004.

5. Thuleau, P., Graziana,A., Ranjeva,R. and Schroeder,J. I. (submitted).
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GUARD CELLS

Hedrich, R.*, Lohse, G.*, Marten, I.* and Palme, K.**

* Institutt2r Biophysik, Universitit Hannover, HerrenhiuserSir. 2, 3000 Hannover21, Germany
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The opening of stomatal pores in the epidermis of plant leaves is caused by an increase in turgot pressureof

the guard cells as a result of the accumulation of potassium salts. Although growth hormones have been

shown to affect stomatal opening (I), the transductionpathways by which growth regulators exert their

effects on stomataiaction are largely unknown. Herewe report that auxins can elecit stomatalopening. These

phytohormones modulate anion channels (2,3) in the plasma membrane in what may be an initial step in

regulatedvolume increase in guardcells.

Auxins shifted the activation potential and alter the amplitude of the anion cannel in a dose-denendent

manner. Channel-modulation was hormone-specific as FC, GA, Cytokinin and ABA did not alter anion

channel properties. Furthermorethe auxin action was channel-s'necificas K+ channels which coexist with the

anion channels in the plasma membranewere not affected.

Our patch-clamp experiments demonstrate thatauxins can directly interact with the extracellular face of the

channel. As a result, its activation potential is shifted towards the resting potential of the cell to favour

transientchannel opening.

In order to prove whether the activation of an auxin-receptorchannel is a key step in hormone transduction

current analysis are concentrated on auxin-sensitvity mutants, azido-derivatives (4) and high-affinity

ligands (5).

1. Snaith, P.J. & Mansfield, T.A. (1982) J. exp. Botany 33,360-365
2. Keller, B.U., Hedrich, R. & Raschke, K. (1989) Nature,450-452
3. Hedrich, R., Busch, H. & Raschke, K. (1990) EMBOJ. 9, 3889-3892
4. Zettl, R., Feldwiseh, J., Boland, W., Schell. J. and Palme, K. (1992)

Proc. Natl. Acad. Sci. USA 89, 480-484

5. Marten, I., Zeilinger, C., Redhead, C., AI-Awqatl, Q. and Hedrich, R. in preparation
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SUGAR TRANSPORTERS OF THE PLANT PLAMSA MEMBRANE

Norbert Sauer, Widrnar Tanner

Lehrstulfl fiir Zellbiologie und Pflanzenphysiologie, Universitit Regensburg, Germany

Sugar transport across the plasma membrane has been found in many different organisms. In

bacteria a set of four different types of transporters has been described representing different families

of structurally or functionally related proteins, using different types of driving forces like H+-gra -

dients, Na+-gradients, phosphoenolpyruvate or ATP. Sugar carriers using a Na+-gradient across the

plasma membrane have also been identified in and cloned from the intestine of mammals, but there

was no detectable structural similarity between these carriers and any of the bacterial sugar transport

systems. In yeast cells and in other mammalian tissues, however, a great number of transporters has

been found catalyzing only facilitated diffusion and not depending on any of the different driving

forces mentioned above. These transporters exhibit strong similarity to the H+/xyiose and H+/arabi -

nose cotransporters from E. coli, but not to the H+-cotransporting lactose permease or any of the

other sugar transporters.

Sugar transport across the plant plasmalemma has been shown to be active using an H+-gradient

as driving force. We have cloned an H+/monosaccharide cotransporter from the lower plant Chlorella

kessleri and, using this clone as heterologous hybridization probe, a family of transporters from the

higher plants Arabidopsis thaliana and Nicotiana tabacum. Northern blot analyses show interesting

organ specific expression differences of some of these putative transporters. All of these plant sugar

carriers show similarity to the bacterial H+/xylose and H+/arabinose cotransporters and to the car-

riers catalyzing facilitated diffusion in yeast and manunais. No similarity could be found to the intesti-

nal Na+/glucose cotransporter, which was suggested by results from other groups according to anti-

body crossreactivity.

The energy dependence, substrate specificity, and kinetic parameters of these transport proteins

were further investigated by heterologous expression in Schizosaccharomyces pombe and 5accharomy-

ces cerevisiae. These expression systems were also used for testing the influence of in vitro mutations

on the activity of the ChloreUa keasleri H+/sugar cotransponer.
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PROTON-COUPLED SUCROSE AND AMINO ACID SYMPORTS: SUBSTRATE

RECOGNITION,PHOTOAFFINITYLABELING,ANDMOLECULARCLONING

Daniel R. Bushl, 2 Photosynthesis Research Unit, USDA-ARS 1 and

Department of Plant Biology 2, University of Illinois, Urbana 11 61801 USA

Sucrose and amino acids are actively transported across the plasma

membrane of plant cells by proton-coupled symports. In the last three years,

several laboratories have provided significant advances in describing the

transport properties and bioenergetics of these transport systems using isolated

plasma membrane vesicles and imposed proton electrochemical potential

differences. After briefly summarizing those data, I will present recent
experimental results that provide new insight into the structural determinants

involved in substrate recognition and inhibitor binding. Additionally, new data

regarding ongoing efforts to identify the symport proteins and clone the genes
encoding them will be presented.



37
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AND RECONS_ON

Delrot, S., Li, Z-S., GaUet, O. and Lemoine, R.

Laboratoire de Physiologic et Biochimic V6g6tales, Universit6 de Poitiers, 25 rue du Faubourg Saint-Cyprien,

86000 Poitiers, France

In plasma membranes purified from sugar beet leaves, differential labeling by N-ethylmaleimidc in the

presence of sucrose has allowed the identification of an intrinsic polypeptide that migrated at 42 kDa after SDS-

PAGE, and that was specifically protected by sucrose [1]. Polyclonal antibodies raised against the 42 kDa

polypeptide inhibit the uptake of sucrose into protoplasm [2], or into plasma membrane vesicles [3], but they do

not inhibit the uptake of hexoses and amino-acids [2,3].

Plasma membranes differentially labeled in the presence of sucrose have been solubilized by 1% CHAPS,

and the proteins solubilized were separated by gel filtration under non-denaturating conditions. Under these

conditions, a peak of differential label was observed at 120kDa. When the 120 kDa peak was recovered, denaturated

by SDS, and injected on the same column, a peak of differential label was observed at 40 kDa. In parallel

experiments, unlabeled membranes were used, and the fractions eluted from the column were monitored by ELISA

for their ability to be recognized by anti-42 kDa sera.The results cont'u'medthose obtained by differential labeling,

i.e. a major ELISA reactive peak was found at 120 kI)a, before denaturation, and at 40 kDa after denaturation by

SDS. The 120 kDa peak from unlabeled membranes was used to design a reconstitution procedure with soybean

asolectin. Upon energization by an artificial proton motive force the reconstituted 120kDa fraction exhibited active

sucrose transport, but did not transport valine. The 120 kDa fraction was further separated by ion-exchange

chromatography on a Mono-Q column eluted by a NaCI gradient. The fractions eluted were monitored by ELISA

with the anti-42 kDa serum as above, and reconstituted. A single ELISA-reactive peak was eluted at 0.31 M NaCI.

This peak exhibited a high transport activity. SDS-PAGE showed that it was enriched with two very close bands at

42 kDa. It is concluded that a 42 kDa polypeptide is a component of the sucrose transport system. At least under in

vitro conditions, this polypeptide may trimerize, or agregate with other polypeptides to give a 120 kDa cluster [4].

1. Gallet, O., Lemoine, R., Larsson, C. and Delrot, S. (1989) Biochim. Biophys. Acta 978, 56-64.

2. Lemoine, R., Delrot, S., Gallet, O. and Larsson, C. (1989) Biochim. Biophys. Acta 978, 65-71.

3. Gallet, O, Lemoine, R., GaiUard, C., Larsson, C. and Delrot, S. (1992) Plant Physiol. 98, 17-23.

4. Li, Z-S., Gallet,O., Gaillard C., Lemoine R. and Delrot, S. (1992) Biochim. Biophys. Acta 1103, 259-
267.
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SUGAR TRANSPORTERS INVOLVED IN PHLOEM UNLOADING

Eytan,G. D. and Granoth-Behar,N.

Departmentof Biology,Technion - Israel Instituteof technology, Haifa 32000,
Israel.

Apoplasticphloem unloadinginvolvesreleaseof photoassimilates from phloem

and/or companion cells and their uptake by the relativelyabundant target

cells.Despite extensiveresearch in the past, the transporters involved in

these processeshave not been characterized.The approachwe have employed was

to isolateplasma membranevesicles from red beet storage tissue and analyze

the sugar transportersin them with particularattentionto sucrose and glucose

transport.

Analysis of a purified plamalemma fraction revealedtwo sub-populationsof

vesicles: Most of the vesicles contained separate proton/glucose and

proton/sucrosecotransporters, presumably,originatingfrom the sink cells and

involvedin active uptake of sugars.A minor fraction of the vesicles,

comprising about IO % of the volume of the vesicles,contained a highly active

facilitativesugar transporter.This transporterexhibitedthe characteristics

expected of a mechanism allowing release of sugars from the phloem and/or

companioncells to the apoplasm.

The vesicles containing the facilitative sugar transporter were further

purified five folds. This fraction was stainedby the plasmalemma-specific

stain,acidic phosphotungsticacid, bound concanavalinA and was enriched in

the plasmalemmamarkers, Vd+-sensitiveATPase and glucan synthase II.

This transportsystem exhibitedan activationenergy of about II Kcal/moleand

was inhibitedby high concentrations(mM range) of sulfhydril-reagentssuch as

HgCl2, pCMBS and NEM.

The facilitative sugar transporter transportedboth sucrose and glucose. It

exhibiteda Km for glucose of 180 mM and Vmax of 2.3 _moles/minper mg protein.

Competitiveinhibitionand trans-stimulationstudieshave indicated that this

system was capable of transporting all monossachrides tested, some

disaccharides, such as maltose and sucrose, and some trisaccharides,such as

raffinoseand maltotriose.It was not affected by amino acids, phospho sugars

and some disaccharides,such as lactose.
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EXPRESSION CLONING OF METABOLITE TRANSPORTERS FROM FI]GFER PLANTS

Frommer W.B, Riesmeier J., Hummel S., Willmitzer L.

Institut f_ Genbiologische Forschung, Ihnestr. 63, D-1000 Berlin 33, FRG

Assimilates are produced in the source organs, e.g. leaves, andtransported via the vascular system to the

sink organs which serve, e.g. for reproduction. In most plants, the main transfer molecules for carbon and

nitrogen are sucrose and amino acids respectively. Long distance transport is necessary to bring the assimilates

from the place of synthesis to the the places of metabolization or storage. In tobacco, strong evidence supports

the hypothesis that sucrose enters the phloem via the apoplast, requi.,ingspecific permeases to allow crossing of

the membranes (1). Uptake studies with purified plasma membrane vesicles have demonstrated sucrose and amino

acid permease activities (2,3,4). In order to study the regulation and function of the transporters it seems

importantto isolate the respective genes. Due to thedifficulties associatedwith the identificationand purification

of membrane transporters the genes for plasma membrane and tonoplast permeases have so far not been cloned.

For the Na+-dependent glucose transporter from rabbit, the problems were circumvented by developing an

expression cloning system in oocytes (5). We have used both standard and artificial complementation systems to

isolate cDNA clones encoding metabolite transporter genes such as sucrose permease genes from plants. We have

used the expression system as a tool to characterize the transport systems.

References:

(1) yon Schaewen A. et al., EMBO J. 9, 3033-3044 (1990)

(2) Lemoine R. et al., Biochim. Biophys. Acta 978, 56-64 (1989)

(3)Li Z. & Bush D.R. Plant Physiol. 94,268-277 (1990)

(4) Williams et al., Planta 186, 541-550

(5) Hediger M.A. et al., Nature 330, 379-381 (1987)
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The chloroplast envelope membrane is the s_teof different metabolite translocators coordinating the

metabolism in the cytosol and in the stroma (1). The major envelope membrane polypepfide with an

apparent molecular mass of 29 kDa represents the chloroplast phosphate translocator that mediates the

export of fixed carbon from the chloroplasts in form of triose phosphates and 3-phosphoglycerate (2).

Hydrodynamic and rotational diffusion studies of the isolated translocator-detergent micelle revealed that,

in its functional state, the translocatorexists as a dimer consisting of two identical subunits (3, 4). Recently,

the eDNA sequences of this nuclear-coded proteir tom both spinach and pea chloroplasts have been

determined (5, 6). Based on hydrophobicity distr_uuon analyses of the mature protein and on additional

information a tentative model of the arrangement of the phosphate translocator can be proposed. Each

monomer of the phosphate translocator contains six transmembrane a-helices. It is proposed that, in the

functional dimcric phosphate translocator protein, the 12 transmembrane helices are arranged in such a

way that the hydrophilic regions are directed towards the inside of the protein thus forming a hydrophilic

pore through which the substrates could be transportedacross the membrane.

Model structures of the helices were generated by using standard geometrical parameters for u-helices.

Subsequently, a three-dimensional structure of the membrane part of the translocatorwas built by means of

computer-graphics and was energy-mlnlrniT_-dusing the AMBER force field (7). The resulting structure

with a C2-symmetryaxis perpendicularto the membrane plane has a total length of about 5 nm and a width

of 2.6 nm which values rather fit those obtained by hydrodynamic studies (3, 4). The corresponding values

for the hydrophilic translocation channel are 2.2 am and 0.8 rim, respectively. In combination with site-

directed mutagenesis experiments information can be obtained as to what part of the translocation channel

is involved in substrate binding. A system for the functional expression of the chloroplast phosphate

translocator in yeast cells has recently been developed (Loddenk6tter and Fl_,ge, manuscript in

preparation). This approach, together with computer.aided molecular-design modelling of the translocation

pore, has opened the way to insights into structure-functionrelationships of the translocator protein.

1. Flfigge, U.I. and Heldt, H.W. (1991) Annu. Rev. Plant Physiol. Plant Mol. Biol. 42, 129-144

2. Fl_,ge, U.I., Weber, A., Fischer, IC, Lottspeich, F., Eckerskora, C., Waegemann, K. and Soil, J. (1991)

Nature 353, 364-367

3. Fliigge, U.I. (1985) Biochim. Biophys. Acts 815, 299.305

4. Wagner, R., Apley, E.C., Gross, A. and Flfigge, U.I. (1989) Eur. J. Bioehem. 182, 165-173

5. Fl_gge, U.I., Fischer, IC,Gross, A., Sebal_ W., Lottspeich, F. and Eckerskorn, C. (1989)

EMBO J. 8, 39-46.

6. W'dley.D. L., Fischer, IC Wachter, E., Link,T.A. and Fl_,ge, U.I. (1991) Planta 183,451--461

7. Wallmeier, H., Weber, A., Gross, A. and Fli_ge, U.I. (1992) in: "Transport and receptor proteins of plant

membranes"(CLarkso_ D.T. and Cooke, D.T. eds.) Plenum Publishi_ Corporation, New York (in press)
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VACUOLAR-TYPE H+-TRANSLOCATING ATPases IN PLANT

ENDOMEMBRANES: SUBUNIT ORGANIZATION AND MULTIGENE FAMILY

Sze, Heven, Ward, John M., Lai, Shoupeng and Perera, Imara

Department of Botany, University of Maryland, College Park, MD 20742, U. S. A.

Acidification of endomembrane compartments by the vacuolar-type H.-translocating ATPase

(V-ATPase) is vital to the growth and development of plants (1). The V-ATPase purified from oat

roots is a large complex of 650 kDa that contains I0 different subunits of 70, 60, 44, 42, 36, 32, 29, 16,

13, 12 kDa (2). This set of ten polypeptides is sufficient to couple ATP hydrolysis to proton pumping

after reconstitution of the ATPase into liposomes (3). Unlike some animal V-ATPases, the purified

and reconstituted V-ATPase from oat is directly stimulated by Cl'. The peripheral complex of the

ATPase includes the nucleotide-binding subunits of 70 and 60 kDa and polypeptides of 44, 42, 36 and

29 kDa. Six copies of the 16 kDa proteolipid together with three other polypeptides are thought to

make up the integral sector that forms the H . conducting pathway. Release of the peripheral complex

from the native membrane completely inactivates the pump; however the peripheral subunits can be

reassembled with the membrane sector to form a functional H . pump (4).

Comparison of V-ATPases from several plants indicate considerable variations in subunit

composition (I). Hence several forms of the V-ATPase may exist among and probably within plant

species. At least four distinct cDNAs encode the 16 kDa proteolipid subunit in oat (S). Multiple genes

could encode different subtypes of the H + pump that are regulated by the developmental stage and

physiological function specific to the cell or tissue.

I. Sze, H., Ward, J.M., and Lai, S. (1992) I. Bioenerg. Biomembr. (in press) a minireview

2. Ward, J.M. and Sze, H. (1992a) Plant Physiol. 99, 170-I']9

3. Ward, J.M. and Sze, H. (1992b) Plant Physiol. 99 (m press- July)

4. Ward, J.M., Reinders A., Hsu, H-T and Sze. H (1992) Plant Physiol. 99, 161-169

5. Lai, S., Watson, J.C., Hansen, J.N., Sze, H. ( 1991) J Biol. Chem. 266, 160"]8-16084
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STRUCTURE AND EXPRESSSlON OF GENES ENCODING THE MAJOR SUBUNITS

OF VACUOLAR AND MITOCHONDRIAL ATPases OF NEUF _SPORA CRASSA AND

STRATEGIES FOR MUTATING ATPase GENES

Emma J. Bowman, Mark Wechser, and BarryJ. Bowman

Department of Biology,Universityof California,Santa Cruz, CA 95064, U.S.A.

Subunits A and B of the vacuolar ATPase and subuntts o and I_ of the mttochondrial

ATPase evolved from a common ancestral gene (1). We have isolated and compared the genes

encoding these polypeptides in IV. crassa to see if they share common structural or regulatory

features. The four genes have short (55-332 nucleotidea), multiple (5-7) introna that are often

positionednear the 5' end of the coding region. Coding regionsof genes for A and B subunits use

57 and 55 codons, while those of genes for a and I_ employ 45 and 44 codons; use of fewer

codon$ is a feature associated with highly expressed genes in fungi. Northern-blot analysis shows

that compared to I_-tubulin, messages for A and B subunits are approximately one-third as

abundant, while messages for a and I_ are about 3-fold more abundant. All four genes appear to

be expressed constitutively throughout mycelial growth. Upstream regions of all four genes

contain putative GC boxes but no other obviously common elements. However, three genes

encoding vacuolarATPase subunits (A, B, and proteolipid)share two regions of sequence similarity

which are being tested for regulatory importanc_

We are usingtwo strategies to obtain mutants of vacuolarATPase genes: (a) screening of

strains able to grow at pH 7.5 in the presence of bafilomycin At, a specific inhibitor of vacuolar

ATPases (2), and (b) inactivation of the ATPase genes by taking advantage of a novel mechanism

in N. crassa called RIP (repeat-inducedpoint mutations) (3).

1. Gogarten, J. P. et al. (1989) Proc. Natl. Acad. Sci. USA 86, 6661-6665.

2. Bowman, E. J. et al. (1988) Proc. Natl. Acad. ScL USA 85, 7972-7976.

3. Selker, E. U. et al. (1989) Science 238, 48-54.
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JennyFlshmann,Llncolr'aiz

BiologyDept.,Universityof California,SantaCruz,CA 95064,USA

V-ATPesesthat energizethe endomembrsnesof eukaryoteshave evolved from the archaebacterial

couplingfactorATPases(1,2). Thevacuolartype ATPaseandthe archaebacterlalcouplingfactor ATPase

share a high degree of sequence similarity, however, the tertiary and quaternary structure of the

archaebacterialATPesesappears to be more similarto the F-ATPeses of eubacteda, mltochondriaand

chloroplasts. The switch in function from ATP synthase/ATPase(F- and archaebactertal type) to

exclusivelyprotonpumpingATPese (V-type) tscorrelatedwitha change tn subunit stoichiometryand an

increasedproteolipidsize. Theduplicationand fusioneventthat gave riseto the largerproteolipidtype of

the V-ATPaseoccurredeadyinthe evolutionof theeukaryotes(2).

Transformationof Daucus carota with a gene encodingan antisensemRNA to the A subunltof the

vacuolarATPaseresultedin plantswith retardedgrowth,largercentralvacuolesand an altered leaf mot,

phology, VacuolarATPaaeactivityand the tmmunodetectableA subunitweredecreased inthe tonoplast,

but remained unchanged in Golgi endchedmembranefractions, suggestingthat in carrotsat least two

organellespecifictsoformsexistwhichresponddifferentlyto theantisensemRNA(3).

Two isoformshave been describedfor the B subunit in humans (4); however,only one gene was

foundto encode the A subunit in bovine(5). In higherplantstwo genesencodingthe A subunitcan be

characterizedby an interveningsequenceof differentsize. This intronis surprisinglyconservedand its

unequalsize inthetwo isoformencodinggenesallowstheireas/ detectionby PCRacrossthe exon intron

boundaries(6). This intronis also found in Coleochaete scutata, a green alga that is consideredto be

closelyrelatedto the higherplants,whereasothergreenalgae (e.g. Zygnema), variousfungiand Euglena

haveno introninthe correspondingposition.Thesefindingssuggestthatthis intronwasalreadypresentin

the ancestorof the land plants. The duplicationthat gave riseto the two isoforms,distinguishedby the

differentlysized introns,occurredeadyin theevolutionof the land plants. With one exeption(Arabidopsis)

the two genes characterizedby sequenceand size of the intronwere found in all ferns, gymno- and

angiospermsstudiedso far (14 species). Thesetwo isoformsare not a characteristicof highereukaryotes

ingeneral;theirpresenceappearsto berestrictedto higherland plants.

1.Gogarten,J.P., Kibak,H., Taiz,L., Bowman,E.J., Bowman,B.J.,Manolson,MF., Poole,R.J.,Date,T.,
Oshima,T., Konishi,J., Denda,K.,Yoshida,M. (1989)Proc,Nat.Acad.Sci. USA,86, 6661-6665

2. Kibak,H.,Taiz, L., Starke,T., Bernasconi,P.,Gogarten,J.P. (1992)J. Bioenerg.Biomemb.inpress
3. Gogarten,J.P., Fichmann,J., Braun,Y., Morgan,L.,Styles,P., Delapp,K.,Taiz, S.,Taiz, L. (1992),Plant

Cell,submitted

4. Bernasconi,P.,Rausch,T.,Struve,l.,Morgan,L.,Taiz,L.(1990)J. Biol.Chem.265, 17428-17431
5. Puopolo,K.,Kumamoto,C., Adachi,I., Forgac, M.(1991)J. Biol.Chem.,266, 24564-24572
6. Starke,T, Linkktla,T.P.,Gogarten,J.P.,Z. Naturforsch46c, 1991,613-620
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INHIBITION OF VACUOLAR PH REGULATION BY BAFILOMYCIN A1 IN CELLS OF

CHARA CORALLINA

Tazaws, M. 1),Okazaki, y.2), lwasaki, N.2), and Moriyama, y.3)

Departmen[ of Applied Physics and Chemistry, Fukui Institute of Technology, Fukui 910, Japan
)Deparlmen[ of 13iology_ O_ka Medical .C.ol!ege, O_ka 569 t Japan
)Department oz urgantc t.;nemistry ana tslocnemlstry, lnstttute of Scientific and lndutstrial Research, Osaka
University, Osaka 567, Japan

The vacuolar pH(pHv) of Chars corallina is maintained at about 5 for a wide range of external pH (1).

The capacity of pH,, regulation was clearly demonstrated by the experiment to see the recovery of pH, from eilher

more acid or more alkaline pH shifted by vacuolar perfusion (1). The pH, regulation is sensitive to DCCD(]),

suggesting involvement of the tonoplast H'-ATPase.

Bafllomycin AI, which inhibits specifically vacuolar-type H'-ATPases of Neurosporacrassaor Zea

mays (2),was testedforitseffectonthepH vregulationinChara cells,pH ofthefluideffusedoutby vacuolar

perfusionwas measuredaspHv.When bafilomycin(100nM) was appliedtothecellfloratheoutside,11ochangeill

pHVwas observed,butitslightlyretarded[herecoveryofpHvwhichhadbeenelevatedto7.3throughreplacemenl

ofthecellsapwitha bufferedartificialsolution.When an unbufferedartificialcellsap(pHabout5.5)containi,g

bM'ilomycinwas introducedinto[hevacuole,pHv increasedsignificantly.The recoveryofpHv from7.3was also

significantly inhibited, when baf'domycin was involved in the artificial cell sap. Both the H+-ATPase activity a_ld

the H*-pumping capacity of tonoplast vesicles (3) were also inhibited by bafllomycin. The membrane pote,tial,

from which the tonoplasl was removed by vacuolar perfusion of a medium containing a C.a2*-chelator EGTA (4),

was not affected by direct application of baf'domycin to [he cytoplasm.

Following conclusions are drawn. 1) The plasma membrane is less permeable to bafilomyci, tha, tile

tonoplast in Chars cells. 2) It does not affect [he clectrogenic H*-ATPase of tile plasma membrane. 3) It i,terfercs

with the pHv regulation by specifically inhibiting the tonoplasl H*-ATPase activity.

1. Moriyasu, Y., Shimmen, T., and Tazawa, M. (1984) Cell Structure Function 9, 225-234.
2. Bowman, E.J., Siebers, A., and Altendorf, K.(1988) Proc. Natl. Acad. Sci. 85, 7972-7976.
3. Takeshige, K., Tazawa, M, and Hager0A. (1988) Plant Physiol. 86, 1168-1173.
4. Tazawa, M., Shimmen. T. and Mimura, T. (1987) Ann. Rev. Plant Physiol. 38° 95-117.
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ION CHANNELS IN THE ENERGISED PLASMA MEMBRANE OF WHEAT ROOT

PROTOPLASTS

S.D.Tyerman, G.P. Findlay, M. Skerrett, C.H. ,.,dlay and D. MacKenzie.
School of Biological Sciences, The Flinders University of South Australia, GPO Box 2100, South Australia,
5001.

Our aim is to characterise the ion channels and electrogenic pumps in the plasma membrane of root

cells. Protoplasts isolated from wheat roots can be easily patch clamped in the cell-attached, whole-cell and

outside.out configurations. Electrogenic pumping (ATP dependent, DCCD sensitive) is often observed in

cells pedused with low K" and CI"concentrations. Membrane potentials (after cell perfusion) of between -

160 and -220 mV are often observed in 1 mM external KCI. The pump current is rather small

(ca 4 mAm a) and cells which display hyperpolarised PDs have very low conductance and low channel

activity such that individual channels can be observed in the whole-cell mode. Inward rectifier channels

(anion and cation) appear to limit the extent of the hyperpolarisation.

Various combinations of four types of rectifier currents are observed. At PDs positive of zero, a

fast activating current and a slowly activating current are present in various proportions. The slow current

more often dominates when the external KCI concentration is 1 raM. The activation PDs for both currents

are similar and vary with the equilibrium potential for K". The slow current is blocked by verapamil as has

been observed with Amaranthus protoplasts (see Terry et al these proceedings) and can be reconstructed

(activation and deactivation) from activation and deactivation sequences of the outward K" rectifier channel

in outside-out patches. The K" channel is shown to be able to carry inward going currents when the reversal

potential for the channel is positive or when treated with verapamil (see Terry et al these proceedings).

Two types of inward activated currents are observed: a smoothly activating current displaying single

exponential kinetics and a highly variable high conductance channel(s) which opens only briefly (spike

current). Both currents are activated at PDs less negative than the hyperpolarised PDs observed in energised

protoplasts. The reversal PD of tail currents from the smoothly activating inward current and inhibition by

TEA of this current indicates that the current is carried by potassium. The current also appears to have a

significant anion permeability. Single channels with a conductance of about 5 pS (100 KCI) which open at

PDs negative of about -100 mV have similar K/CI selectivity as the smoothly activating current.
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COMPARATIVE IN VIVO STUDIES OF ANION CHANNELS IN CHAR, A, FUNGI

AND ROOTS

Smith, F.A., Reid, RJ. and Tester, M.

Departmentof Botany, University of Adelaide, Adelaide5001, Australia

The plasma membraneof Chara corallina, like that of other plant cells, contains channels for CI',

the operationof which is regulatedby a varietyof signals, both chemical and eleclrical (Tyerman, 1992). For

example, efflux of UCl from C. corallina is greatly increased by cytoplasmic acidificationproduced by weak

acids (Smith and'Reid, 1991). We have found that the same treatmentalso increases the efflux of 3_p,

presumablyas H_bO4".The question as to whethercr and H_O," pass throughthe same channel or through

differentchannels is being addressedby comparingtime-courses of efflux of UCl and 32pfrom C. corallina

in response to cytoplasmic acidification. Other treatments known to increase CI" efflux such as action

potentials and metabolic inhibition have also been tested with respect to 3_p efflux. The effect of these

treatmentson efflux of other anions fromC.corallina is also under study.

As well as working with C. corallina, we are investigating anion fluxes from mycorrhizalfungi and

plant roots, with the aim of resolving the specificity of anion channelsin viw.

References

Smith, F.A. and Reid, RJ. (1991) Journalof ExperimentalBotany 42:173-182

Tyerman,S.D. (1992) Annual Review of PlantPhysiology and Plant MolecularBiology 43:351-373
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GATING OF ION CHANNELS IN PLASMALEMMA AND TONOPLAST OF YEAST

,aclamBertl& CliffordL. Slayman

Departmentof Cellularand MolecularPhysiology,Yale Schoolof Medicine,New Haven, CT 06510, U.S.A.

Observations. Recent patch-electrodeexperimentson Saccharomyces cerevisiae have defined

two typesof ionchannels:a largecationchannelinthe tonoplast(YVCl), and a smallerK+ channel inthe

plasmalemma (YPK1; see Bertl et al., prev. abstr.). For YVC1, overall open probability (Po) rises

sigmoidallyfromnear zero at positivemembranevoltages(Vm;cytoplasm+ to vacuole)towarda maximum

near -80 mV. Hence the normal Vm of the yeast tonoplast--probably near -40 mV--would facilitate

appreciableopeningof these channelswhen otherconditionsrequire it. Butfor YPK1, Po is near zero at

all negativevoltages(cytoplasm- to cellexterior)and risesonly at positive voltages;thusthe likely resting
Vrn(-100 to -200 mV) would strongly inhibit channelopening. That is essential for maintenance of a

resting Vm negativeto the K+ equilibrium,and is common to many plant and fungal plasma membranes

which are dominatedby the electrogenicH+ pump. AppreciablePo's for YVC1 requiremild reducing

conditions, which at present couldbe viewed either a) as the basis for dynamic redox regulationof the

channel or b) as the channels' equivalent of general enzyme protection by antioxidants. Raising

cytoplasmicpH, at leastwithinthe range 5.5 to 7.5, alsoincreasesPofor YVC1. And finally,for bothYVC1

and YPK1, raisingcytoplasmicCa++ concentrationwithina quasi-physiologicalrange (ca. 1 IJM andbelow)
enhances Po; but in the case of YVC1, the calciumeffect creates positive feedback, since that channel

itse._is Ca++-permeantand sincestoredvacuolar[Ca++]is muchhigherthan free cytoplasmic[Ca++].

Physiological tunctions. Many possible functions could be listed for regulated K+ channels in

generalized plant and fungal plasma membranes. Under different circumstances these include I) to

providea passive,low-affinityentry routefor concentratingcytoplasmicK+ from repleteenvironments,by

means of the (H+-pump driven) Vrn; U) to buffer Vm--ltself vital to other transport functions--against

disasterssuch as moderatemembranedamage ortemporary energydepletion; and iii) to assist inturgot

modulationby admittingthe cationcomponent of salt movement. New experimentsare underwayto test
regulationof YPK1 in relationto these points.

But on anotherpoint,Iv) mediation of charge-compensationand/or cytoplasmic H+-bufferingduring

proton-coupleduptakeof organicsolutes, considerableinformationis already available. Membrane depo-

larizationand K+ loss seem to accompanyH+-coupledmaltose uptake (Serrano, EJB 80:97, 1977); and

either K+ uptakeor K+ loss(Pulver & Verzdr, Nature 140: 823, 1940; Van de Mortel et al., BBA 936:421,

1988) can accompanyH+-independentglucoseuptake,dependingupon conditions. At least in the latter

case, dye measurements indicatemembrane hyperpolarizationto occurwith the K+ flux. Such obser-

vationsimply that sugar entry causes K+ channelsto open,but the gating messengershouldbe different

for the two sugars. The co-fluxof protonswithmaltosedepolarizesyeast plasmalemma,which could open

YPK1 via the voltagedependence;net K+ effluxwouldthenoccur providedthat Vm went positiveto EK+.

No such depolarizationwould accompany glucose influx, however, so another mechanism is needed.

Cytoplasmic [Ca++] rises upon glucose entry (Eilam et al., J.Gen. Microbiol. 136:2537, 1990), which

shouldstimulateYPK1 opening. A fastcomponentof that calciumriseprobablyoriginatesextracellularly,

(Eilam & Othman, ibid 136:861, 1990), but a slowercomponent is likelyto originatefrom the vacuole.

Release of vacuolarCa++ throughYVC1 shouldbetriggeredby the reducingsurgeduringinitialglucose

oxidation,then furtherenhanced bythe positivefeedbackeffectof risingcytoplasmic [Ca++].
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ISOLATION OF A PLANT K+ CHANNEL cDNA BY FUNCTION IN YEAST

R.F. Gaber I J.A. Anderson l, S.S. Huprikar I, L.V. Kochian 2, W.J. Lucas3, D.P.
Schachtman 4 and J.I. Schroeder 4

IBiochem., Mol. and Cell Biology Dept., Northwestern University, Evanston, IL

60208 2 US Plant Soil and Nutrition Lab, U.S.D.A.-A.R.S., Cornell University,
Ithaca, NY 14853 3 Dept. of Botany, University of California, Davis, CA 95616

4 Dept. of Biology 6, University of California, San Diego, La Jolla, CA 92093

Saccharomyces cerevisiae harbors two genes encoding potassium
transporters, TRKI and TRK2 (1,2). Ceils deleted for TRKI and TRK2 are

viable but require up to I00 mM potassium in the medium to support growth.
We have exploited the inability of trklAtrk2_cells to grow on non-potassium-
supplemented media to detect the functional expression of genes encoding
potassium= transporter proteins from other organisms including plants (3,4).
A cDNA clone (KATI) isolated from Arabidopsis thaliana that completely
suppresses the K+ transport defect in trkl_trk2_ cells was found to encode a

78=kD protein containing hallmarks of the known K+ channels. These include
i) a hydrophobic core of 6 putative transmembrane domains located near the

amino terminus, ii) a putative voltage sensing region consisting of Arg/Lys-X-
X repeats within the fourth hydrophobic domain and iii) a sequence between
the fifth and sixth putative transmembrane domains highly related to the

pore regions of other K+ channels. KAT I shares the greatest amino acid
sequence identity with the cyclic nucleotide=gated ion channels and ether-a-

go=go ,(eag) a putative K+ channel from Drosophila. Consistent with this, KATI
also contains a putative cyclic nucleotide binding domain in the C=terminal
half of the protein.

KAT I function is inhibited in vivo by known potassium channel
blockers; KATl-dependent growth of trkl_trk2_cells on low=potassium

medium is completely blocked by Ba2+ and tetraethylammonium ions.
Expression of KATI in Xenopus oocytes produce a potassium-selective inward
current only upon hyperpolarization of the oocyte membrane. Our results
indicate that KATI encodes an inward-rectifying potassium channel.

I. Gaber, R.F., Styles, C.A. and Fink, G.R. (I 988) Mol. Cell. Biol. 8, 2848-2859
2. Ko, C.H. and Gaber, R.F. (I 99 I) Mol. Cell. Biol. I I, 4266-4273.
3. Anderson, J.A., Best, L.A. and Gaber R.F. ( 1991 ) Gene (}9, 39-46.
4. Anderson, J.A., Huprikar, S.S., Kochian, L.V., Lucas, W.J. and Gaber R.F.
(1992) Proc. Natl. Acad. Sci. USA 89, 3736-3740.
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CLONING AND EXPRESSION IN YEAST OF A PLANT K+ TRANSPORT SYSTEM

Sentenac, H. and Bonneaud*, N.

Biochimie et Physiologie V_g6tales, ENSA-M / INRA / CNRS URA 573, 34060 Montpellier cedex 1, France

* Centre de G_n_tiqueMol_culaire,CNRS, 91198 Gif-sur-Yvette, France

A mutant(1) of Saccharomyces cerivisiae, unable to grow on low-K+ medium, and belonging to the same

complementation groupas the TRKI (2) transportsystem, was complementedwith a eDNA library(3) made from

Arabidop$is thaliana seedlings. AnArabidopsis clone {AKTI, forArabidopsis K+ Transportsystem 1) was able to

complement the yeast mutant.In the low (micromolar) K+ concentrationrange, the K+(86Rb+) uptake rates were

similar in the wild-type and complementedyeast strains; both were much higher than in the mutantstrain.When the

K+ concentrationwas increasedto the minimolar range, the uptakeratereached a saturation plateau in the wild-type

strain, but in the complemented strain increased further with increasing K+ concentration.The kinetics of the K+

transportin the complemented strainwas complex, and could not be described as a Michaelian saturation kinetics.

The capacity of AKTI to accumulate K+ was verifiedby transferringcomplemented yeasts into a K+-free medium.

After an initial loss of K+, which increased the external K+ concentration to 10 laM, a net influx developed,

decreasing the external K+ concentration to a value of 0.65 I,tM. Under these conditions, the cytosolic K+

concentration was estimated to be 0.17 M. Thus, AKTI maintaineda high K+ accumulation ratio (2.6 X 105),

which corresponds to an equilibrium potential difference (EK) of about -320 inV. No estimate of the actual

membrane potential difference is available, and it is not possible to determinewhether AKT1 mediates passive or

active K+ transport.

The AKTI predicted amino acid sequence (838 amino acids) has three domains (5): a channel-forming

region, homologous to animal K+ channels [Shaker family channels (4)], a cyclic nucleotide-binding site, and an

ankyrin-likeregion (6). The originalcombinationof a cyclic bindingsite and of an ankyrinmotif in the Arabidopsis

K+ channel will allow us to addressnew questionsconcerning theregulationof K+ transport in plants.

1. Ramos, J., Contreras, P., and Rodriguez-Navarro, A. (1985) Arch. Microbiol. 143, 88-93

2. Gaber, R.F., Styles, C.A., Fink, G.R. (1988) Molec. Cell. Biol. 8, 2848-2859.

3. Minet, M, Dufour, M.-E., Lacroute, F. (1992) Plant J 2, (in the press)

4. Jan, L.Y., and Jan, Y.N. (1990) Nature 345,672-.

5. Sentenac, H., Bonneaud, N., Minet, M., Salmon, JM., Gaymard, F., Grignon, C (1992) Science 255 (in the

press)

6. Lux, S.E., John, K.M., Bennett, V. (1990) Nature 344, 36-42.
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CHARACTERIZATION OF ION CHANNELS IN THE PLASMA MEMBRANE OF LEAF

EPIDERMIS CELLS OF PISUM SATIVUM, ARGENTEUM MUTANT

J. Theo M, _lzenoa& ElizabethVan Volkenburoh

BotanyDeptKB-15UnivWashingtonSeattleWA98195

The epidermalcellsof youngexpandingleavesof the argenteummutantof pea (Ptsumsativum)are used

to studytwo lightdependentprocesses:1)youngleaveswhen exposedto brightlightexhibitan increased

growthwhichis dueto cell expansionanddependsonthe availabilityof K+ (or Rb+) in themedium, and

2) lightInducesa transientinitialdepolarization.We foundindicationsthat partof the depolarizationis

connectedto an effluxof CI'. Currentlywe are intheprocessof characterizingthe differentionchannels
+

presentinthe plasmamembrane.Twochannelswhichconductcations,onewith a highselectivityfor K

and conductanceof 20 pS, the otherwithlittlediscriminationbetweenK+ and Na+ anda conductanceof
+

35 pS (insymmetrical100 mM K solutions)are partlycharacterized.Alsopresentinthe plasma

membraneisa channelwitha very highconductance.SinglechannelI-VanalysisIllustratesthatthe

reversalpotentialwith differentbathand pipettemediacompositionsiscloseto the reversalpotentialfor

chloride.Furtermorethe I-V relationprovedto be veryasymmetricwitha maximalconductanceof about

300 pS between-60 and-100 mV withsymmetrical110mM CI"solutionsinpipetteand bath,but witha

conductanceof only50 pS at positiveholdingpotentials.Fittingthe I-Vdata waspossiblewith a fourstate,

classI modelandresultedinkineticparametersIndicatingthatthe CI bindingconstantson cytoplasmic

and apoplasticsideof the membranedifferfourfold(see figure).At positivemembranepotentialsopening

and closingtimesare short,resultingina flickeringbehavior,whileat negativemembranepotentialsboth

openingandclosingtimesare muchlonger.
I-Vrelationof singlechannelcurrentsIn

s _ of--l;l_ inside-outplasmamembranepatches of
?..o__-r__-/EJ3::m'_ pea leaf epidermalcells.The potential is

cr°" ' O"oLJU" ----_--_ expressedas thecytoplasmicminusthe

o o/ i_ extracellularpotential,current istaken as

//_o _, ,,_/y, positivewhenpositivecharge iscarried-s w/ outof the cytoplasm.The chloride

o _B_ concentra-tion
/pA (cytoplasmic/extracellular)was

.lo 2:114/109,
O: 24/109 and
/k: 114/19 (dataof 13different

-is protoplastsare compiled).The solid
curve was fittedthroughthe data points

-2o o with a cyclic 4-state,classI model£3

-_o ._ 6 r_ 16o (Hansenet al. (1981)J. Membr. Biol. 63:
/my 165-190)
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IDENTIFICATION OF A POTASSIUM CHANNEL IN MESOPHYLL AND GUARD CELL PLASMA

MEMBRANES OF V. faba LEAVES.

C. Zeilmger*, K. Palme"aridR. Hedrich*

* Institutf. Biophysik, Universitit Hannover, Herrenh_userStr.2, 3000 Hannover,Germany

" Max-Planck-lnstitutfi3rZ_chtungsforschung, Carl-von-Linne-Weg 10, 5000 K61n, Germany

Ion transport are essential for plant growth, development and movements. Ion channels in the plasma

membraneallow a selective entryof ions such as K+, cr or Ca2 + into the cytoplasma of plant cells. In

order to identify, characterizeand isolate the K+ channel proteins plasma membranes were prepared from

leaves of Viciafaba L. by aqueous two-phase partitioning. Transport activity of these vesicles was followed

by 86Rb+ flux measurements (1). Rb+ uptake was inhibited by tetraethylammonium. In a following step

the plasma membraneswere solubilized by preserving transportproperties. After reconstitutionof transport

active protein fractions TEA-sensitive 86Rb+ uptake could be restored. The transport activity co-purified

with a 67 kDa protein.

Incorporationof the purified protein into planarlipid bilayerselicited K+ selective channel fluctuations.

From the open-channelamplitudea ionic conductanceof 40 pS was computed in symmetrical 200 mM KCI
!

solution.

A monoclonal antibodywas raised against the purified channel protein (2). 86Rb+ uptake of plasma

membrane vesicles was inhibited in presenceof the antibody. Two polypeptides in the plasma membrane of

mesophyll and guard cell were identified by immunoblot analysis. Finally partial arninoacidsequences were

obtained from the 67 kDa polypeptide after microsequencing tryptic protein fragments.

I) Zeilinger, C. and Weiler, E.W. (1988) International Symposium Plant Membranes: Stnlcture Assembly
and Function, A joint meeting of The Phytochemical Society of Europe, Cardiff.

2) Zeilinger, C. and Weiler, E.W. (1989) Biological Chemistry Hoppe-Seyler, N9, Vol. 370, 977-978,
Meeting Abstract, Osnabrfick.
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pH CONTROLS K + CHANNEL GATING IN VICIA GUARD CELLS

Michael R. Blatt

Biochemistry and Biological Sciences, University of London, Wye College, Wye, Kent TN25 5AH UK

It has long been recognised that [H +] could be pivotal in controlling transport across the plant plasma

membrane 1"3. The idea continues to hold a special attraction because of the potential for feedback and

integration implicit in the link with H+-coupling economy of the plant membrane - and this despite a paucity

of direct evidence for pH control beyond the well-documented role for H+ in pump activity and membrane ener-

gisation 4.

Data collected from Vicia guard cells now indicates that the K+ channels which mediate K+ flux for

stomatal movements are exceptionally responsive to pH, both intracellular and extracellula_. The steady-state,

whole-cell currents shown in the Figure (from one cell in 10 mM KCI) are typical of the K+ inward-rectifier

(IK.in) response to extracellular pH; currents

recorded at any one voltage under voltage clamp

were found to rise and the "gating voltage" to !/_ cm=aN

v/myshift positive-going under mild acid conditions, a
-Ill -IIN -IliO -I00

response comparable to the effects of submicro- '/e_.' ..... . _.._/f.___-, _//4-
molar [CA2+]i. This pHo dependence was not et_ v._Y /, z/ _..
attributable to H+ permeation and analyses of

current kinetics were not consistent with an effect e.{t

of [H +] on surface charge screening. Instead,

voltage- and pH-dependencies for IK,in followed -so

a simple titration surface f_nction, as if H +
-N

bound to a single site deep within the membrane

and with a pl_ near 7. Additional data to be -tin

presented distinguish extraceUular and intracel-

lular H+ action on IK,inand highlight a comparable sensitivity of the K+ outward-rectifier to intracellular pH.

The evidence for IK,inactivation by H + represents a new departure in understanding the controls on ion

channels in plants and sets the K+ channel apart from inward-rectifiers known in animal cells. It presents a

mechanistic basis for channel integration with the plasma membrane H+-ATPase over a wide range of environ-

mental conditions 6. Furthermore, the H+-sensitivities of both inward- and outward-rectifiers intimate roles for

pH in controlling K+ flux during stomatal movements.

1. Kurkdjian, A., and J. Guern. 1989. Ann. Rev. Plant Physiol. Mol. Biol. 40,271-303.
2. Felle, H. 1988. Planta 174,495-499.

3. Gehring, C.A., H.R. Irving, and R.W. Parish. 1990. Proc. Nat. Acad. Sci (US) 87,9645-9649.

4. Sanders, D., and C.L. Slayman. 1989. In: Plant Membrane Transvort: the Current Position. J. Dainty,
M.I. De Michelis, E. Marre, and F. Rasi-Caldogno, editors. Elsevier, Amsterdam. 3-11.

5. Blatt, M.R. 1992. J. General Physiol. 99, in press.
6. Blatt, M.R. 1991. Journal of Membrane Biology 124,95-112.
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ION CHANNELS IN THE PLASMAL_ OF XYLF_J_PARENCHYMA CELLS FROM

ROOTS OF BARLEY (Hordeum vulgate cv. Apex)

Wegner,L.H. and Raschke,K.

_lanzenphysiologisches Institut undBotanischer Gartender Universitat G_ttingen,

Untere Karsp_le2, W-3400G6ttingen, Gernany

In order to elucidate mechanismsof salt release from the xylemparenchyuainto the xylemvessels

in roots, we developed a methodto specifically isolate xylem parench_a ceils fromdecorticated steles

of nodal roots of barley, taking advantageof the patterns of cell wall lignification in this particular

cultivar, about 0.5 to 1.5 cz from the apex. Cells of early metaxylemwere the main source of

protoplasts gained by enz_atic digestion of the stele, with no contuination by pllloemcells occurring.

Weinvestigated the properties of ion channels in the plasmaleua of these cells with the patch-cla|p

technique in the whele-cell and the outside-out patch-configuration.

In whole-cell experiments, hyperpolarlsing voltage steps below -110 mV induced a strongly

voltage-dependent increase in me|brane conductance, due to the activation of inward rectifying channels,

in about 80 out of 100 protoplasts. The reversal potential of tail currents was close to the Kernst

potential of K+, indicating a strong selectivity for _ versus Cl', Hg2. and Ca2+, the other ion species

present. The unitary conductance as derived from outside-out patches was 30 pS. In these respects, the

K+ channel closely resembled the inward rectifier found in guard cell protoplasts (SCHROED_et el.

1987). Adding_2+ to the bath blocked the chapel in a voltage-independent manner. The apparent Ki was

about 1 _. External Ca2+ had a weak effect on inward currents, causing a slight inhibition below

-180 inV.Lanthanumions strongly inhibited inward currents in a voltage dependentmannerand shifted the

threshold potential in a depolarising direction. In contrast to K+ channels in guard cells (S(_IROEDER

and HAGIWARA1989), the cytoplasmic Ca2+ concentration (0.15 to 10 _]4) did not affect the inward

rectifierin xylemparenchylacells.

An outwardrectifyingK+ channel,likethe one in guardcells,was alsoobserved,but less

frequentlythantheinwardrectifier;TEA+ (20_) inthebathreducedtheoutwardcurrentto 20 %. In

severalexperiments,a CI"channelwasdetectedreseablingtheslowCI"channelin guardcells(LI_ER

andRASCHKE,thisworkshop),thoughtheunitaryconductanceappearedto be somewhathigher.Single-

channeleventscouldberesolvedinthewhole-cellconfiguration.

WesuggestthattheseK+ andCI"channelsparticipateintheionexchangebetweensymplastand

apoplastinthestele.

SCHROEDER,J.I.,RASCHKE,K. andNEHER,E. (1987)Proc.Natl.Acad. Sci.USA84,4108-4112

SCHROEDER,J.I.andHAGIWARA,S. (1989)Nature338,427-430
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FUNCTIONAL EXPRESSION OF A PLANT PLASMA MEMBRANE TRANSPORTER

IN XENOPUS OOCYTES

Kathry_ J. Boorer, Brian G. Forde, Roger A. Leigh and Anthony J. Miller.

Department of Biochemistry and Physiology, AFRC-IACR Rothamsted Experimental Station, Harpenden,

Herts. At,5 2.10,UK.

Xenopus oocytes efficiently transcribe and translate injected genetic information and the protein

products are correctly assembled, processed and targeted to the proper subcellular compartment. Many

animal plasma membrane proteins have been cloned by functional expression in Xenopus oocytes including

a barley a-amylase (1) and the ethylene-forming enzyme of tomato (4). Many animal plasma membrane

proteins have been cloned by functional expression in Xenopus oocytes (3), however there have been no

reports of the functional expression of higher plant plasma membrane proteins in oocytes.

Recently the STP1 gene of Arabidopsis has been cloned and sequenced and shown to encode a

H./glucose cotransporter (2). Dr. Norbert Saner kindly provided us with a full-length STP1 cDNA clone

which was sub-cloned into the transcription vector pGEM-3Z. The STP1 mRNA, transcribedin vitro from

the STP1 cDNA, was injected into oocytes and the oocytes were incubated at 18°C for up to 5 days to allow

expression of the STP1 mRNA. Uptake at 22°C of 14C-labelled3-O-methyl-D-glucose (3-OMG), was used

to assess hexose transport by the cocytes.

Maximum rates of 3-OMG uptake were observed 3 to 4 days after injection with STP1 mRNA.

Depending on the batch of oocytes, the pH of the bathing solution during the period of 3-OMG uptake and

the time after injection, the cocytes injected with STP1 mRNA took up 3-OMG at a rate between 20 times

and several thousand times faster than the water-injected controls. The optimum pH for 3-OMG uptake

was 5 and electrophysiological experiments with cocytes injected withSTP1 mRNA showed a hexose-elicited

depolarization of the oocyte membrane potential, conftrmingthe activityof a H+/hexose cotransport system.

Following the demonstration that a higher plant membrane transport protein can be functionally

expressed in Xenopus co_es we are attempting to use this system to functionallyexpress and to clone the

plasma membrane nitrate transporter of barley roots.

Re[erencts

1. Aoyagi, K. et al. (1990) Planta 180, 333-340

2. Sauer, N. et at. (1990) EMBO J. 9, 3045-3050

3. Sigel, IC (1990) J.Membr. Biol. 117, 210-221

4. Spanu, P. et al. (1991) EMBO J. 10, 2007-2013
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INSTRUMENTATION USED IN THE ACQUISITION AND ANALYSIS OF PLANT

ELECTROPHYSIOLOGICAL DATA

Delay, M. md Walter, A.

Axon Instruments, Inc., 1101 Chess Drive, Foster City, CA 94404, U.S.A.

Axon Instruments offers a variety of equipment useful to the plant electrophysiologist. An overview of

this equipmeat, both hardware and software, will be provided along with selected highlights of recent advances

in instrumentation technology.

Axon Inst_ts' voltage- and patch-clamp amplifiers include the Axopatch 200A and the

Axopatch-lD. Both are designed for low-noise single-channel and whole-cell recording, and both use resistive

feedback current-to-voltage converters in whole-cell mode, For single-channel recordings, however, the

Axopatch 200A uses a new proprietary heedstage technology based on the capacitative feedback current-to.voltage

convener which results in redtwaxi noise, increase.._ dynamic range, wider bandwidth and improved linearity

when compared to the resistive method used in the Axopatch-lD. The Axopatch 200A user can employ a single

headatage for both cell and bilayer recordings, while the Axopatch-1D offers a few more ease-of-use features.

Data acquisition and analysis software and hardware are available for both IBM-PC and Macintosh

computer platforms. For the IBM-PC series of computer, the pCLAMP v5.5 software suite provides extensive

functionality with respect to stimulating, recording and analyzing whole-cell and single-channel records and is

used with the TL-I data acquisition interface. AxoBASIC is a programming environment, similar to BASIC-23,

which is based on Microsoft QuickBASIC and allows users to quickly develop custom programs for unusual

acquisition and analysis situations. For the Macintosh II (or better) computer, Axon Instruments offers the

program AxoData for data acquisition in current clamp, voltage clamp and other experiments in which

simultaneous stimulation and acquisition are necessary. AxoData allows great flexibility in creating complex

protocols using icons and graphical drawing tools. Supported data acquisition hardware include the Instrutech

Corp. ITC-16. Integrated analysis and graphics are provided by the program AxoGraph that is oriented towards

the types of data records encountered in electrophysiology, features very fast fitting and can read binary data files

directly from both AxoData and the pCLAMP suite.

Axon Instruments also offers the Data Acquisition Platform, a computer system based on the Intel 33

MHz 80486 which can be configured with requested Axon Instruments hardware and software and is extensively

tested before shipment.
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THE D&UCUS C_LP.OTH V-TYPE H+ATPHSE| RECENT PROGRESS IN
UNDERSTP_DING THE COORDINATE EXPRESSION OF ITS GENES

ausch_T. I, LSw,R. I, Lehr,A. I, Taiz,L. 2. and Kirsch,M. I
Botanlsche_ Inst.., SiesmayerstraBe 70, D-6000-Frankfurt,

Germany; _Sinshelmer Laboratories, UCSC, Santa Cruz, CA
95064, USA

A carrot V-typ H+ATPase A subunit cDNA sequence and its
corresponding partial genomic sequence have been reported
previously (1,2), and the existence of three independent
genes for the A subunit has been demonstrated (3). Recent
results suggest the existence of (organell-specific,
stress-induced, developmentally controlled) V-type H+ATPase
isoforms in higher plants (3,4,5).
Using PCR technology we have amplified partial cDNA se-
quences of the carrot B- and c-subunit starting with
1.strand cDNA. The partial B-subunit and c-subunit sequen-
ces are highly homologous to their Arabidopsis thaliana (6)
and Avena sativa (5) counterparts, respectively. Using
genomic DNA as template PCR amplification suggests the
presence of a small gene family for the B-subunit.

The coordinate expression of two subunits of the Vl-part (A
and B) and one subunit of the Vo-part (c) are now being
analyzed in several experimental systems: a) carrot suspen-
sion-cultured cells grown in the absence/presence of 100 mM
NaC1, b) evacuolated protoplasts during the process of re-
vacuolation, c) carrot storage roots after hormonal induc-
tion of cell division. Interestingly, moderate salt-stress
leads to an apparent change in the coupling ratio of H+-
transport/ATP-hydrolysis, and PCR amplification of 1.strand
cDNA obtained from salt-stressed cells indicates expression
of a B-subunit isoform.

Finally, the previously published partial characterization

of the A-subunit promotor (2) has been extended by analysis
of a set of promotor deletions and gel retardation experi-
ments with the corresponding promotor fragments.
The results will be discussed with respect to coordinate
gene expression and the existence of isoforms of the
"housekeeping" plant V-type H+ATPase(s).

1. Zimniak,L., Dittrich,P., Gogarten,J.P., Kibak,H. and
Taiz,L. 1988 J.Biol.Chem. 263:9102-9112

2. Struve,I., Rausch,T., Bernasconi,P. and Taiz,L. 1990
J.Biol.Chem. 265:7927-7932

3. Taiz,L. and Nelson,N. 1991 Plant Physiol. 96:1 (Suppl.)
4. Bremberger,C. and LUttge,U. 1992 Planta, in press
5. Lai,S., Watson,J.C., Hansen,J.N. and Sze,H. 1991

J.Biol. Chem. 266:16078-16084

6. Manolson,M.F., Quellette,B.F., Filion,M. and Poole,R.J.
1988 J.Biol.Chem. 263:17987-17994

This work was supported by grants of the Deutsche For-
schungsgemeinschaft to T.R. (Ra 415/3-1 & 5-1).
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POTASSIUM TRANSPORT INTO PLANT VACUOLES IS DIRECTLY ENERGIZED BY THE TONOPLAST

INORGANIC PYROPHOSPHATASE

Davies, J.M. I, Poole, R.J. I, Rea, P.A. 2 and Sanders, D.3

I. Biology Department, McGill University, Montreal QC, Canada H3A IBI.

2. Biology Department, University of Pennsylvania, Philadelphia PA 19104, USA.

3. Biology Department, University of York, York YOI 5DD, UK

Vacuolar K+ accumulation is opposed by an inside-positive membrane

potential of about +20 mV (I), thus necessitating energised K. transport across

the tonoplast. No H+-coupled K+ uptake systems have been characterized. However,

the tonoplast H+-translocating inorganic pyrophosphatase (H*-PPase), which is

activated by K+, could symport K. with H. into the vacuole. The following

evidence in support of this hypothesis has been obtained by the patch-clamp

technique, which has been used to measure the membrane currents generated by the

H*-PPase in isolated vacuoles from _ vul_arSs.

A pyrophosphate-dependent inward current into the vacuoles has been shown

to be activated by K. at the cytoplasmic side but not at the vacuolar side of the

membrane (2). Conversely, an inorganic phosphate-dependent outward current

(putative reversal of the H+-PPase) is activated by K. at the vacuolar side.

Moreover, if K. were to activate the enzyme without being transported, it

should not change the equilibrium of the reaction. In fact, the reversal

potential of the (pyrophosphate + phosphate)-dependent currents (E,ev ' the

potential at which the pump is poised at equilibrium) was found to be a function

of the K. gradient (and not the absolute concentration of K+ ) as well as the H+

gradient across the tonoplast membrane

Analysis of Erev values suggested that the H*-PPase is capable of directly

translocating K_ and H. into the vacuole, with an overall stoichiometry of 3

positive charges per catalytic cycle.

I. Spanswick, R.M. and Williams, E.J. (1964) J. Exp. Bot. 15, 193-200.

2. Davies, J.M., Rea, P.A. and Sanders, D. (1991) FEBS Left. 278, 66-

68.
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CHARAC'I_RIZATION OF GENES ENCODING VACUOLAR H'-PYROPHOSPHATASE OF
ARABIDOPSIS THALIANA AND BETA VULGARIS

Rea, P.A., Kam, Y., Sarafian, V. and Kim, E.J.

Plant Science Institute, Department of Biology, University of Pennsylvania, Philadelphia,
PA 19104, USA

Full-length cDNAs encoding the substrate-bindingsubunit of the vacuolarH.-translocating

inorganic pyrophosphatase ffl.-PPase) (1, 2) have been cloned and sequenced from Arabidopsis

thaliana (3) and Beta vulgaris (4). Both classes of eDNA isolate (designated AVP and BVP for

Arabidopsis and l_eta Y=acuolarP.yrophosphatase, respectively) encode a highly hydrophobic

protein with a deduced molecular mass of 81 kDa containing 13-16 amphipathic membrane spans.

AVP and BVP show greater than 93% sequence identity at the polypeptide level and both deduced

amino acid sequences precisely align with direct sequence data acquired from the MgPPi-
protectable, [14C]-N-ethylmaleimide-reactive subunit of the H'-PPase isolated from Beta (2, 3).

While two of the predicted cytosolic hydrophilic domains of the polypeptides encoded by AVP and

BVP contain sequence motifs reminiscent of the MgPPi-binding sites of soluble PPases, the clones

do not otherwise contain sequence identities with any other class of ion translocase or PPi-

dependent enzyme. The results of Southern and Western analyses do, however, indicate that AVP

and BVP and the polypeptides they specify are homologous to the reversible H'-PPi synthase of

Rhodospirillum rubrum and Rhodospirillum capsulatus. Common evolutionary origins are

therefore inferred for the vacuolar H'-PPase and the energy-tranducing H'-PPi synthase of

photosyntheticbacteria.

Northern analyses of poly (A)"RNA extracted from Arabidopsis demonstrate pronounced

differences between developmental stages with respect to the levels of AVP expression and

hybridization screens of an Arabidopsis genomic library constructed in LDASH have yielded three

classes of genomic clones with distinct restriction patterns. Developmental regulation of

expression and the existence of additional genes encoding the vacuolar H'-PPase are therefore

indicated. The genomic clones are being characterized, and parallel biochemical analyses of

transport-competent preparations of the reconstituted enzyme are being conducted, to determine if

any of the additional genes encode isoforms of the substrate-binding subunit or additional, as yet
unidentified, sequence-related subunits.

1. Sat'arian, V., Kim, Y., Poole, RJ. and Rea, P.A. (1992) Proc. Natl. Acad. Sci. USA 89, 1775-1779.
2. Britten, C.J., Turner, J.C. and Rea, P.A. (1989) FEBS Letters 256, 200-206.
3. Re,a, P.A., Britten, C.J. and Sarafian, V. (1992) Plant Physiol. in press.
4. Kim, Y., Kim, E.J. and Rea, P.A. (1992) in preparation.

Supported by NSF Grant N°. DCB-9005330 and DOE Grant DE-FG02-91ER20055
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PIVOTAL ROLE OF DIACYLGLYCEROL IN GLYCEROLIPID BIOSYNTHESIS BY

CHLOROPLAST ENVELOPE MEMBKANES

Mar_chal, E., Malherbe, A., Block, M.A. and Douce, R.

Laboratoire de Physiologie CeIlulalre V_g_tale, URA CNRS n'576, D_partement de Biologie Mol_culatre et
Structurale, Centre d'Etudes Nucl_,aires de Grenoble et Universit_ Joseph Fourier de Grenoble, 85 X, F-38041
Grenoble-cedex, France

Plastid membranes are characterized by the presence of specific glycerollpids: galactoIipids

(monogalactosyldiacylglycerol, MGDG, and digalactosyldiacylglycerol, DGDG), sulfolipid (sulfoquinovo-

syldiacylglycerol, SQDG) and phosphatidylglycero] (PG). Most of these Upids share the same structural feature,

i.e. a diacylglycerol backbone .:ontaining C18 and C16 fatty acids respectively at the _-I and _-2 position of

the glycerol and synthesized within plastids by a series of enzymes located on the inner envelope membrane

(1,2). We have analyzed the functionning of two enzymes of this pathway, the phosphatidate phosphatase, which

catalyzes dephosphorylation of phosphatidic acid into diacylg]yccrol, and the MGDG synthase, which converts

diacylgJycerol into MGDG.

We first demonstrated that the envelope phosphatidate phosphatase has unique biochemical properties

(optimum pH, sensitivity to cations...) and is strikingly different from its extraplastidial and animal counterparts.

Among the possible mechanisms involved in the regulation of phosphatidate phosphatase activity, feedback

inhibition probably plays a major role (3). Using isolated intact spinach chloroplasts and envelope membranes

from thermolysin-treated chloroplasts, we demonstrated that diacylglycerol is a powerful inhibitor of the

enzyme (Ki 70 ttM). Obviously, inhibition of phosphatidate phosphatase by diacylglycerol would favor

channeling of phosphatidic acid towards PG.

We have also performed kinetic studies of MGDG synthase purified from spinach chloroplast envelope

membranes (4). The affinity of the enzyme for its substrate is not very high (Km 180 _tM), therefore availability

of the substrate at the level of the active site of the enzyme could be a limiting factor of the reaction. Assays of

the enzyme activity in presence of several diacylglycerol molecular species strongly suggest that structural

specificities of MGDG could be due to properties of MGDG synthase. Finally, we have performed two-

substrates kinetic analyses and we demonstrated that MGDG synthase is a random bireactant system.

The relevance of these results with the regulation of MGDG, SQDG and PG biosynthesis within

chloroplast envelope membranes will be discussed.

1. Douce, R. and Joyard, J. (1990)Annu. New. Cell Biol. 6, 173-216.

2. Joyard, J., Block, M.A. and Douce, R. (1991)Fur. J. Biochem. 199, 489-509.

3. Malherbe, A., Block, M._., Joyasd, J. and Douce, R. submined for publication.

4. Mar_chal, E., Block, M_., Joyard, J. and Dour, R. (1991) C. R. Acad. Sc_ Par_ 313,521-528.
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SPECIFIC RECOGNITION OF OLIGOGLUCOSIDE ELICITORS BY BINDING

PROTEIN(S) IN SOYBEAN MEMBRAhES

Michael G. Hahn1, Jong-Joo Cheong2, RobertM. Alba1, andFrancois C6t_

Complex CarbohydrateResearch Center and Departmentsof Botany! & Biochemistry2, University of Georgia,

Athens,GA 30602, USA

' The induction of pterocarpan

.o--__o X phytoalexin biosynthesis in soybean in

.o.._,,..,-_4_, response to oligoglucoside elicitors is being

,o-__o\ _ used as a model for the study of cellular
.o,,__ .o_O k signaling mechanisms in plants. Our research

o hasfou.do°  .sts,o,,nO,s.o _ pathway, namely the specific recognition of a

.O_o_ hepta-15-glucosideelicitor (Fig. 1) by binding
protein(s) (presumptive receptors) in soybean

Figure 1: Structure of the hepta-l_-glucoside elicitor, cells. The presence, in microsomes derivedIll i ili i • [ [

fromthe plasma membrane,of a single class of high-affinity (apparentK d = 0.75 riM), proteinaceous binding sites

for the hepta-I_-glucosidewas demonstratedin binding assays using a radio-iodinatedtyraminylatedderivative of

the elicitor [Cheong & Hahn, Plant Cell 3:137-147 (1991)]. Competitive inhibition of binding of the radio-

labeled hepta-_glucoside elicitor by structurally related oligoglucosides demonstrated a direct correlation

between the bindingaffinities and the elicitor activities of these oligoglucosides. These results suggest that the

structuralelements previously identified as being importantfor the biological activity of the elicitor [Cheong et

ol., Plant Cell 3:127-136 (1991)] are also the structuraleiements recognized by the membrane-localized elicitor

binding protein(s).

The hepm-13-glucosideelicitor binding protein(s) have been solubilized using several non-ionic detergents.

The solubilized binding protein(s) retained the binding affinity (apparent K d = 1.42 riM) for the radiolabeled

elicitor determinedpreviously for the membrane-local|zed bindingprotein(s). The solubilized binding protein(s)

also showed the same specificity for elicitor-active ohgoglucosides as did the membrane-localized binding

protein(s), Current research is directed toward the :dem:fication, purification, and cloning of the hepta-

D-glucoside binding protein(s). Techniques being util,zed include photo-affinity labeling, affinity chroma-

tography, and cloning by functional expression in a heterologous cell type. Purificationand characterizationof

the hepta-_glucoside binding protein(s) or their correspondingcDNAs is a first step toward elucidating, at the

molecular level, how the hepta-15-glucosideelicitor triggers the signal transductionpathway that ultimately leads

to the de novo synthesis of phytoalexins in soybean. (Supportedby NSF grant DCB-8904574 and in part by the

USDA/DOE/NSF PlantScience Centers Programthroughfundingby DOE grantDE-FG09-87ER13810).
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RESPONSE OF ROOT HAIR CELLS TO RHIZOBIUM NOD FACTORS

Long, S. R., Ehrhardt, D. W., Atkinson, E. M., Fultz, S., Appenzeller, L., Southwick, A. and Willits. M.

Department of Biological Sciences, Stanford University, Stanford CA 94305-5020.

The nitrogen fixing bacterium, Rhizobium meliloti, causes nodule formation on host plants such

as alfalfa. This process involves altered cell morphogenesis in root hairs and cell division in the root

cortex. The mechanism of this has recently been shown to involve Nod factors secreted by Rhizobium

that act as morphogens on the plant. These factors are modified oligomers of N-acetylglucosamine.

The factors in R. meliloti are characterized by an N-acyl group and a C-6 acetyi on the non-reducing

Glc-NAc and by a C-6 sulfate on the reducing end. Our group and others are working on the relationship

of bacterial nod genes to factor structure; our particular interest is in in vitro synthesis of Nod factors.

The identification of the Nod factors now makes it possible to study early (possibly rapid) plant

responses to a timed, chemically defined stimulus. How does the plant respond to Rhizobium Nod

factors? What is the receptor? What events happen at the host cell membrane?

We used a spot-inoculation test to investigate the effect of bacterial supernatants and purified

nod factors on roots. We found that both supematants and Nod-factors act as true morphogens, in that

the chemical Nod factors elicit development of complete nodules on plants. Given that Nod factors

cause events in both epidermal and cortical cells, it is possible that a secondary signal mediates the

effect and connects the events in the two plant cell types.

Some secondary signals are accompanied by changes in ion flux. We have found that alfalfa

root hair cell membrane potentials can be measured stably by impalement with a single microelectrode,

as shown by Brownlee for tomato, and used this technique to assay root hair responsiveness to NOd

factors. Alfalfa, but not a non-legume plant (tomato), responds to NOd-RmIV(S) with a depolarization

of root hair membrane potential, followed by recovery of the potential and desensitization of the cell

to further stimulation. This cell-autonomous assay may be of use in following early events associated

with response to Nod-factors, and in assaying which cell types may have the hypothesized Nod-

factor receptor.

We have also followed root hairs during response to NOd factors by laser scanning confocal

microscopy, using interference contrast and fluorescence optics. We observed a number of cytoplasmic

events on the same time scale as the potential change: these include nuclear migration, breakup of a

hair vacuole, and aggregation of endoplasmic reticulum-rich cytoplasm at the hair tip. The NOd factor

approach makes it possible to associate the time course of this and other responses with the putative

secondary signal leading to changes in ion flux.
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DOES WATER LEAVE MOTOR CEI.&,STHROUGH H+ PUMPS DURING TURGOR

MOVEMENTS?

Jaffe, M. J. and Dunn, R.

Biology Department, Wake Forest University, Winston-Salem, NC, 27109, USA.

When tendrils of thepea plant are mechanically pema'bed (MP) on the adaxial

surface, a concave curvature develops in the first 20-40 rain. This is due to the efflux of

water from the adaxial surface, but not from the abaxial surface (1). The resulting

difference in turgor causes the tendril to bend around the suPlxrrt against which it rubbed.

The bending is preceded by an efflux of H.. We have used inhibitors of the PM redox

chain (which is known to generate an internal accumulation of H+) and of the I'M H . pump

inhibit both MP-induced coiling and the H+ efflux associated with it. Since the H+ effiux

through the pump, it seemed possible that the water also effluxed through the open pump

channel. The same inhibitors that block the pump also block water efflux from MP-treated

tendrils. Furthermore, the effective concentration ranges are the same for both processes.

Since water is known to efflux animal cells through the action of proton pumps (2), we

conclude that the MP-induced turgot change in the adaxial cells occurs, at least in part, by

water movement associated with MP-aetivated proton pumps.

The water effl_ across the PM is associated with the action of the proton pump.

We ask whether the water molecules aettmlly move thorough the pump with the H+, or if

they move across the lipid bilayer by mass flow in response to the osmotic effect of the

accumulation of H. in the extracellular cell wall matrix. When the extraceUular H+

concentration is increased, it induces coiling and enhances MP-induced coiling. This

suggests that the MP-induced water effiux may occur osmotically, by mass flow. To

differentiate between the two eases, we plan to usepolymeric H+ buffers (e.g.,

polyaspanate, polyglutamate) to allow H+ to be pumped across the membrane, but not to

accumulate outside the cell. The results of these experiments will be presented.

1. Jaffe, M.J. and Galston, A.W. (1968) Plant Physiol. 43:537-542.

2. Forte, J.G. and Wolosin, J.M. (1987) pp 853-863. In: Physiology of the

Gastrointestinal Tract, 2d Edition, Ed: Johnson, L.R. Raven Press, N.Y. ISBN 0-

88167-282-3.



ELECTRICAL CHARACTERISTICS OF CELLS WITH AND WITHOUT ATP:

I/V AND G/V PROFILES IN STEADY STATE

M. J. Beiroy,N. A. Walker,"T. Mimuraand"T.Shimmen

Schoolof BiologicalSciences, Universityof Sydney, Australiaand *School of Life Sciences, Facultyof

Science, Himeji Instituteof Technology,Harima Science ParkCity, Hyogo678-22, Japan

The role of ATP in iontransportacrossplasmalemmaof plantcells is emergingas increasingly

complex: not only does it supply energy for the proton pump (1) and the proton pump-driven

cotransports,but also it affects K+ channels(2,3) and Ca++ channels (4,5). The current-voltage(IN)

method(6) was appliedto distinguishandcharacterise transportsystemswhilethe concentrationof ATP

inthe cellwas controlled.

Characean cells were perfused with media containingATP or hexokinase and glucose (to

depleteATP producedby the cell afterperfusion). There are two typesof the perfusionmethod:(a) the

cell ends are ligated afterperfusionand normal turgor is regainedand (b) cells are left open and the

outsideand insidemediaare osmoticallybalanced. For review of the methodologysee (1,4). Changes

inturgorpressureare knownto affectvarioustransportsystems(7), soboth (a) and (b)were employedin

our experiments.

The Chara cells in group (a) perfused with 1 mM ATP displayed hyperpolarized resting

potentials at -220 +10 mV (7 cells) and sigmoidIN (current-voltage)characteristicsnormallyassociated

withthe pumpstate (8). Near the restingpotentialthe clampcurrentsstabilisedwithin-1 sec. If the cells

were depolarizedto an excitable level, the resting potentialstayed at -60+13 mV (7 cells) and the I/V

characteristicschanged drastically, displayinga conductance increase near the resting level and a

negative conductance region between -100 and -200 mV. The cells perfused with hexokinase and

glucoseshoweddepolarized restingpotentials at -80i-_10mV (5 cells) and upwardlyconcave IN curve

The clamp currentsexhibitedlargecapacitivespikes.Excitationwas abolished.

The cellsingroup (b) tendedto lowerrestingpotentialsboth with and withoutATP, particularlyif

Pb(NO3)2 was used to stabilisethem (1). However,the shapes of the +ATP and -ATP I/V curveswere

similarto thosefoundincellsfrom group(a).

The resultsare discussed interms of the protonpump I/V characteristicsand the backgrouncl

channel conductances.

1. Mimura,T., Shimmen,T., and Tazawa, M. (1983) Planta 157:97-104
2. Smith,P. T., and Walker,N. A. (1981) J. Membrane BioL 60:223-236
3. Katsuhara,M., Mimura,T., and Tazawa, M. (1990) Plant Physiol. 93:343-346
4. Tazawa, M., and Shimmen,T. (1987) Int. Rev. Cyt 109:259-312
5. Katsuhara,M., and Tazawa, M. (1990) Plant Cell Physiol. 13:179-184
6. Beilby, M.J. (1990)J. Exp. BoL 41:165-182
7. Kourie,J., and Findlay,G. P. (1990) J. Exp. Bot. 41:140-151
8. Beilby, M.J. (1984)J. Membrane Biol. 81:113-125
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SPATIAL VARIATIONS OF THE EXTRA- AND INTRA-CELLULAR DH OF CHARACEAN INTERNODE

Ogata, K.

School of iedical Technology, Univcrsity of Occupational & Environmental He. h

Yahatanishi-ku, Kitakyushu 807, Fukuoka. Japan

Using fluoresccin-di-acctatc (FDA) thc relative cytoplasmic pH (pHc) was

optically estimated as a function of position in Characean internodc in relation

to the acidic/alkaline regions. FDA-acetoxymethylester (FDA-AI) can penetrate the

membrane and accumulates in the cytoplasm where FDA-AM is splitted into FDA and

AM by cytoplasmic esterases. FDA can no longer get through the membrane out of

the cytoplasm and acts as a pH-probe. The intensityies of fluorescence ratio

at 54Ohm excited by 480nm/420nm is pH-dependent. In the case of light-on

transition, it was found that the pHc at the latent alkaline region increased

higher than that at the neighbouring acidic regions.

Recently, the time dependencies of the apparent macroscopic electrical

parameters, including the membrane potential and conductance along the cell

have been measured by scanning the water-film-electrode as a function of

position. At the light-on transition, it has been shown that the membrane

potential at the latent alkaline region depolarizes with a less increase in

apparent conductance than the neighbouring latent acidic regions. After the

depolarization, however, the membrane conductance at this particular region

increases significantly up to four times or more larger than the neighbouring

acidic regions. The resting potential is usualy found to be more negative than

-150mv, due to the activity of H-pump; up to -300mv and -200my at the acidic

and the alkaline regions respectively. The light-off transition induces a

remarkable decrease in conductance and a significant perturbation in potential.

Then, getting uniform in both potential and conductance, the cell reaches

a steady state within 2hrs in the routine experimental condition.

These observations enable us to give a possible interpretation on the

alkaline region formation along the surface of Characean internode: At the light

-on transition, the activity of cytoplasmic OH-ion in the latent alkaline

regionis getting higher than the neighbouring regions. In the latent alkaline

region, the B-pump activated by light is partially inhibited by OH-ions and the

membrane is depolarized with a decrease in membrane conductance. Then, the

increased OH=ions open the putative OH-channel. The alkalinity fixes the

diffusible dissolved inorganic carbon (DIe) into CaC03 as a C02 reservoir.
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Beffagna,N. andRomani,G.

CentroCNRBiologiaCellularee MolecolarePiante,DepartmentofBiology,UniversityofMilano,via

Celoria26,20133Milano,Italy

Previouswork,mainlycarriedoutwith thewaterplantElodeadensa, has shownthat:i}the

activationofH- extrusion{-LIH.)byK° andbyfusicoccinplusK- {FC+K°) is associatedwithan

alkalinizationof bothvacuoleand cytosol{I);ii)theinhibitionof -_H ° byerythrosinB (EB)

or vanadateis accompaniedby a significantacidificationof bothcompartments(2);iii} the

intracellularacidificationinducedby high(d) concentrationsofweakacidsisassociatedwitha

largeincreasein-_H ° (3).ThissuggestedthattheH° pumpactivitycanmodulatethepH_oandis,in

turn,influencedbyitsvalues.

To bearoutthishypothesisand testwhetheritis generalizable,we examinedsomemore

experimentalconditions in Elodea densa, andextendedthe investigation also to arabidopsis thalia,a,

a plant material particularly suitable for the selection of mutants. Someresults are here reported on

the changesin -_H_ and in pHi. inducedeither by treatmentswith weakbases, or by changesof the

pHo.t, or by treatments with activators and inhibitors of the H" pump.For some conditions we also

measured the changes in malate level and in buffer capacity of the cell sap associated with the

changesin pH,..

Wefoundthat: a) 5 mMnicotine increased vacuolarand cytosolic pHby 0.37 and 0.21 pHunits,

and strongly reduced-_H • in Elodea leaves; b) the increase in -AH- inducedby the increase in

pHo.t (from 5.5 to 6.5) was associated with an increase in pH,°, more evident in Arabidopsis; c) the

activation of the H" pumpby K° or PC+K• (or the inhibition by EB)strongly increased (or decreased)

both the pH,. and the buffer capacity of the cell sap in Rrabidopsis ; d) the changes in buffer

capacity were substantially due to the changesin malate level.

These results confirm the view of a modulating effect of the H+ pump on the pHL.and,

conversely, of the pHi. on the H"pumpactivity.

I. Narrb, E., Beffagna, N andRomani,G, (1987) BotanicaActa O, 17-23.
2.Beffagna,N.andRomani,G. (1988)J.Exp.Bot.39,1033-1043.
3.Beffagna,N.andRomani,G. (1991)PlantPbpslol.Biochem.29,471-480.
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MEMBRANE POTENTIAL IN RELATION TO CYTOPLASMIC PH MODIFIED BY LIGHT,

ACID- AND ALKALINE-LOADING IN EGERIA AND CHARA CELLS

Okazaki,yD., lwasaki, N. _)andTazawa, M.2)

_1)Dept. of Biology, Osaka Medical College, Osaka 569, Japan
2) Dept. of Applied Physics and Chemistry, Fuk"uiInstituteof Technology, Fukui 910, Japan

In order to study the relationship between cytoplasmic pH(.pH,)and membrane potential ('Era),internodal

cells of Clu_racorallina and leaves of Egeria densa were either illuminated,acid- or alkaline- loaded, and their

pHc and Emwere simultaneouslymeasuredwith double-barelled pH micro-electrodes fabricatedaccordingto Reid

andSmith (1988) (1) with a small modification.The basic externalsolution was an artificialpond waterof pH° 7.5.

When internodalcells of Chara were illuminated,pHc increasedandEmoften hyperpolarized. On the

otherhand, in leaf cells ofEgeria, pH¢transientlyincreased and Emhyperpolarized(Fig. 1). Fusicoccin (10 ,uM)did

not affect both pHc and E= in Chara but induced in Egeria membrane hyperpolarization without causing a

significant change in pHc. When CImra and Egeria cells were treatedwith acetate (5 raM) or butyrate(5 raM) at

pH° 5, pHc instantlydecreased and the membrane potentialhyperpolarized(Fig. 2). On the other hand, when cells

were subjected to NH4CI(10 mM in Chara, 1 mM in Egeria) at pH° 9, pHc increased and the membranepotential

depolarized.Thus, acidification of the cytoplasm always induces the membranehyperpolarizationwhich reflects an

activationof the H* pumpof the plasmamembrane. But there arealso cases where the membranehyperpolarizalion

can occurwithout couplingwith the cytoplasmicacidification.

'I ' "°I=7 -Y"'-- ==7.o
-3oo-

- oo -2o _,/3.f t

= -150 -2.00 - L j
uJ I0 min

-I00 - L_
IO min Fig. 2 : Changes in pHc and Emof Egeria cell after

treatmentof 5 mMbutyrateat pH 5.

Fig. 1 • Changes in pHc andEmof Egeria cell on illumination.

(1) Reid, R.J. andSmith, EA. (1988) J. Exp. Bot. 39,1421-1432.



Ultrastructure of Chara Corallina using Impedance Spectroscopy

T.C. Chllcott and H.G.L. Coster

Centre for Membrane and Separation Technology and Department of Biophysics: School of Physics
University of New South Wales, Box 1, Kensington 2033, Sydney, Australia

Introduction

Forthe last twenty yeats our departmenthas specialised in the development of impedancespectroscopy. We have
used such techniques to characterise conduction, dielectric and geometrical properties and elecu'o.-chemical
processesof the sub-microscopic layers in synthetic membranes andat solutionelectrode interfaces. However, the
underlyingmotivation for this development is the in vivo characterisationof cell ul_cture.

Measurementsand interpretationsof impedance spectraate heavily dependenton complicated mathematics. It has
beendifficult to find a descriptive presentationwhich by-passes the mathematics andreveals the physics. We have
recently developed a presentation, based on Network (or Transfer) Functions used in Control and Systems
Analysis, which we feel provides such a physical insight. Here we present impedance spectra from Chara
Corallina, using this presentation.

Materbds sad Methods

Four Terminal measurements of impedanceI were made on Chara with our version of the Ogata 'water film
electrode' appmmus23 The effect of cable propertiesin the long cylindrical cells were accounted for4.

ResulU

A typical NetworkFunction for Chara (a transf_mation of the impedance spectra)is shown in Fig A and depicts
several peaks. The location of the peaks define frequencyconstants (reciprocal time constants) which arise from
electrical geometrical propertiesof Chara ultrastructure.Ouranalysissuggests thatthe first two peaks arise from
the plasmalemmaand tonoplast, the thirdfrom plasmalemmasomes5, the fourthfrom the Plasma MembraneCoat6
and the fifth,with a frequencyconstantat veryhigh frequencies(not shown), from the static cytoplasm3.

Fig B shows the Cauche integralof the Network Function. The step sizes at the peaks are the reciprocalof the
capacitancesof the ultraom'actures.In some instances, when the dielectric constants of ulwaswucturesate known,
these capacitancescan be used to calculate the thicknesses of structuresand/or othergeometrical featuressuch as
plasmalemmasomes7. However, such interpretations do not apply to the first two peaks which characterise the
plasmalemma and tonoplast. These peaks and the corresponding 'reciprocal capacitance' steps arise from
phenomenological effects such as those describedby Coster'sDouble Fbed ChargemodeP for these membranes.

Discussion

We assume that the tonoplast impedance is at most 1/3 that of the plasmalemma9,that the dielectric geometric
capacitance of an unfolded plasmalemma'° is 10mF/m2 and that our algorithm accurately corrects for cable
properties'. Given these assumptions, our model returns physiologically reasonable values for the electrical
geometricalpropertiesof Chara ulwastructurequoted m the literatureTM.

The fimmchd rapport of the Australian Research Commission is gratefully A
acknowledged. We thank Prof. A. French who mpplied us with vital software.
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IDENTIFCATION AND BIOCHEMICAL CHARACTERIZATION OF THE PLASMAMEMBRANE

H+-ATPase IN GUARD CELLS OF Vicia faba.

Becker, D. # Zeilinger, C. # Depta, H.* and Hedrich, R. s

#instimt flit Biophysik, Universitit Hannover, Herrenhfiuserstr. 2, 3000 Hannover 21, Germany

*Pflanzenphysiologisches Institut, Universitit G6ttingen, Untere Karspfile 2, 3400 G6ttingen, Germany

The plasma membrane H+-pump in guard cells generates the driving force for rapid ion fluxes required for

stomatal opening (1). In order to investigate the cell specific biochemical properties of this proton-

translocating ATPase plasmamembrane vesicles were from isolated from guard and mesophyll cells of V.

faba. The capability of the H+-ATPase to create a proton gradient is maintained in vesicles derived by high

pressure homogenization and polymer-separation (2). Furthermore two polypeptides in the range of 100 and

92 kDa were identified by Western blot analysis.

Comparison of either H+-pumping or ATP-hydrolysis in isolated plasmamembrane vesicles revealed a

2-fold higher specific activity in guard cells than in mesophyll cells, which is consistent with recent patch

clamp studies (3). Results from immuno-blot analysis indicate that these differences in enzyme activities were

traceable to a higher abundance of the electroenzyme per unit membrane protein in guard-cell

plasmamembrane.

We suggest that the high H+-pump capacity is necessary to enable guard cells to react to sudden changes in

the environment by a change in stomatal aperture.

1) Sze, H. (1984) Physiol. Plant. 61,683-691
2) Blum, W., Key, G., Weiler, E.W. (1988) Physiol. Plant. 72:279-287
3) Lohse, G. and Hedrich, R. (1992) submitted
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EPITOPE-TAGGING OF A PHLOEM-SPECIFIC PLASMA MEMBRANE H +-
ATPase ISOFORM OF ARABIDOPSlS

Natalie D. DeWitt and Michael R. Sussman, Horticulture Department,
University of Wisconsin; 1575 Linden Dr., Madison, Wl 53706

The plasma membrane H+-ATPases of plants are encoded by a
multi-gene family, with at least ten members identified in

Arabidopsis. The various H+-ATPases have different tissue-specific
patterns of expression, possibly providing cell-types such as phloem
cells, guard cells, and root hairs with specific isoforms to meet
their diverse physiological requirements. The extensive amino acid

similarity between the H+-ATPase isoforms prevents cursory
prediction of differences in enzyme function, and impedes
production of isoform-specific antibody probes. Isoforms may be
immunologically and biochemically indistinguishable, however
nuances in sub-cellular localization, activity, regulation, and
associations with cellular components could have important
consequences for the cells in which they exist. Presently we are
employing the method of epitope-tagging to permit surveillance of
individual Arabidopsis H+-ATPase isoforms. This method entails
cloning the antigenic determinant for an available monoclonal

antibody into the coding region of an H+-ATPase gene, and
regenerating transgenic plants which produce "tagged" H+-ATPase
proteins.

We have regenerated transgenic tobacco and Arabidopsis plants
that produce epitope-tagged Arabidopsis H+-ATPase isoform 3
(AHA3). Previous studies have indicated that AHA3 is a 100 kd
plasma membrane protein that is expressed specifically in phloem
cells, pollen, and regions of the ovule. Antigenic determinants for
c-myc, influenza hemagluttinin, and the entire coding sequence for
13-glucuronidase (GUS), were individually cloned into the cytoplasmic
carboxy-terminus of AHA3. Transgenic plants expressing the
"tagged" genomic sequences were regenerated using standard
transformation techniques. The c-myc and influenza hemagluttinin
monoclonal antibodies immunoreact with a 100 kd membrane protein
in transgenic, but not untransformed control plants. Furthermore,
preliminary data suggest that GUS-tagged AHA3 is targeted and
expressed in the plasma membrane of phloem cells.
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EEDQ INHIBITION OF MAIZE ROOT P-TYPE A'"ASE AND ITS

RELATIONSHIP TO ENZYME STRUC"IYJRE AND FUNCTION

David Brauer, Mary Gurriel and Shu-I Tu

ERRC/ARS/USDA, 600 E. Mermaid Lane, Philadelphia PA 19118.

The biochemical events that convert the chemical energy from

the hydrolysis of ATP to the generation of an electrochemical

gradient by transport proteins are poorly understood. The inhibition

of the plasma membrane ATPase from corn roots by N-

(Ethoxycarbonyl)-2-ethoxy- 1,2-dihydroquinoline (EEDQ) was

compared to that of ATPase solublized with N-tetradecyl-N,N-

dimethyl-3-ammonio-l-propane-sulfonate (3-14) to provide insight

into the minimal functional unit. The chromatographic behavior of

the 3-14 solublized ATPase activity during size exclusion

chromatography and glycerol gradient centrifugation indicated that

the solublized enzyme was in a monomeric form. Both plasma

membrane-bound and solublized ATPase were inhibited by EEDQ in a

time- and concentration-dependent consistent with a first-order

reaction. When the log of the reciprocal of the half time for inhibition

was plotted as a function of the log of the EEDQ concentration,

straight lines were obtained with a slope of approximately 0.5 and

1.0 for membrane-bound and 3-14 solublized ATPase, respectively.

The results are discussed in terms of a change in the number of

polypeptides per functional ATPase complex from a dimer in plasma

membranes to a monomer after solublization with 3-14, and support

the conclusions attained previously by irradiation inactivation

(Briskin, DP, Reynolds-Niesman, I. 1989. Plant Physiology 90:394-
397).
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Localization of H+-ATPases in the plasma membrane and in the cytoplasm of lily

pollen: an electronmicroscopic study,

G.Obermeyerl, S.Purper2 and H.-G.Heumann2

! Dept.Biochem.& Biol.Sci., Wye College, Univ. London, Wye TN25 5AH, U.K.

2 Bot.last.l, Univ. Karlsruhe,7500 KarlsruheI, FRG

H+-ATPases in the plasma membrane of plant cells play an essential role in plasmalemma transport,

cellular metabolism, and plant growth, particularlytip growth. Most tip growing plant cells drive an ionic

current throughthemselves, and it has been suggested that a heterogeneousdistributionof H+-ATPases in

the plasma membrane of the cell is involved in the observed current patterns [I]. For H+-ATPases

labelling, sections of pollen grains and tubes from Lifium longiflorum were treated with monoclonal

antibodies from mice (clone 44BSAI) and gold-conjugatedanti-mouse antibodies [2].

The results show that immunochemicalcross-reactionwith the monoclonal antibody occurs in the plasma

membrane of pollen grains (5.7 _m"I) and in the plasma membraneof the tube tip, but with half the

density (3/_m"l) of that found in the pollen grain. No binding of the antibodycould be detected in mem-

bnmesof vesicles that will fuse with the plasma membraneof the tubetip. Bindingsides for antibodiesare

absent in mitochondrial, liposomal, and amyloplastic membranes, and also almost absent in the plasma

membraneof the generative cell. Sometimesantibodies binding to ER and dictyomsome membranescould

be observed.

The reported results support the proposal thata heterogeneousdistributionof H+-ATPases could be found

in the plasma membraneof tip growing lily pollen. Epitopes to which the antibody binds have also been

observed in cytoplasmic membranes belonging to the secretory pathway (ER and golgi). Therefore, with

this technique it would also be possible to investigate a change in the turnover of H+-ATPases which is

supposed to occur during plant growth hormoneaction [3].

[I] F.M.Harold & J.H.Caldwell (1990) in: l.B.Heath (ed),Tip growth in plantand fungal cells. Acad.

Press, London, pp 59-89

[2] G.Obermeyer, M.Lfitzelschwab, H.-G.Heumann& M.H. Weisenseel, (1992), Protoplasma, submitted

[3] A.Hager, G.Debus, H.-G.Edel, H.Stransky& R.Serrano,(1991), Planta, 185,527-537



MOLECULAR CLONING OF VANADATE-SENSITIVE ATPASE FROM MARINE

ALGA AND RICE WITH PCFt ' 'HOD

Wada, M., 1Kasamo,K. andFujii,T.

Insittuteof BiologicalSciences,TsukubaUniversity,Tsukubacity, Ibaraki305 Japan

1Molecular Function Laboratory,National Food Research Institute,2-1-2 Kannondai, Tsukuba city,

Ibaraki305 Japan

AnimalNa+,K+-ATPase, H+,K+-ATPaseand Ca2+-ATPase and H+-ATPasefrom higher plantsand

fungi are grouped in E-type ATPase which activity is inhibited by orthovanadate and localized on

plasma membrane or sarcoplasmicreticulum. The vanadate sensitive ATPases form phosphorylated

intermediate during reaction cycle. Two parts of those enzymes are highly conserved, the

phosphorylationsite and ATP bindingsite are alsocommonwith 7 to 12 aminoacids sequenceamong

them (1).

Synthesizedoligonucleotides(both20 bps) from the two partswere usedfor PCR primersto amplify

thispart between phosphorylationand ATP bindingsitesof vanadate-sensitiveATPases fromcDNA of

riceand marinealga Heterostgma akashiwo (2). Approximate800 bp DNAswere amplifiedfromboth

cDNA libraries,respectively. The amplified DNAswere used for probe to screenfor ATPase cDNAs.

Resultantclone of rice, OSA1, showedhigh homologyto H+-ATPasesfrom other higher plants. The

deducedamino acid sequence homologiesof OSA1 compared withthat fromtomato (L. esculentum),

tabacco (N. plumbaginifolia), A. thaliana and S. cereviceae were 87.8, 87.4, 79.2 and 35.5 %,

respectively. Another clone (HAA13) from marine alga H. akashiwo (Raphidophyceae)showed the

highesthomology(52.0 %) with H+.ATPase from protistaLeishmania donovani, but the lowhomology
(25.0 %) withanimalNa+,K+-ATPase.

1. Serrano,R. (1989) Ann.Rev. Plant Physiol. 40:61-94

2. Wada, M., Satoh, S., Kasamo, K. andFujii,T. (1989)PlantCellPhysiol.30 (6): 923-928
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THOSE PROTON PUMPS MAY BE TOXICt EXPRESSION OF THE NEUFIOSPORA

PLASMA MEMBRANE ATPase IN CULTURED MAMMALIAN CELLS

vaslllana Moussatosand CliffordL. Slayman

Departmentof Cellularand MolecularPhysiology,Yale Schoolof Medicine,New Haven, CT 06510 U.S.A.

ObJectlvu. Haterologousexpressionof a fungalplasma-merr_rane H+-ATPase gene in mamma-

liancells has been undertakenwiththree principalobjectives: I) to develop a preparationwhich is readily

amenable to whole-cell patch recording, for electrophysiologicalstudy of mutated ion pumps; Ii) to

examine the physiologicregulationof this transporterin a biologicalmembrane normally lacking such a

system; and III) conversely, to study the H+-pump's effect on metabolism of cells which normally
regulatecytoplasmicpH by othermechanisms.

Methods. cDNA codingfor the plasma-membraneH+-ATPase from Neurospora crassa (Hager et al.,

PNAS 83:7693, 1986), was introducedintothe pSV2 vector and cotransfectedinto NIH3T3 cells along
with pSV2neo (neomycinresistance gene) for selection. Out of 18 cell lineswhich showedboth antibiotic

resistanceand hybridization(southernblots)with a cDNA probe for the H+-ATPase gene, eight proved
stable and were carriedintofurther experiments.

Results. For all eight lines,integrationof the Neurospora gene intothe mammaliangenomewas low:

1-2 copieseach. Applicationof three different restriction-digestionstrategiesyielded differentpatterns for

each of the lines, implyingintegrationof pSV2 (SV40 promoter)and the H+-ATPase gene at a different

point in the genome for each. All eightwere immunopositive for the ATPase protein, probed with the

Hager polyclonalantibody (ibid), by western blots and immunofluorescentcytochemistry.The level of

expressionof immunoreactive materialwas sensitiveto age and growthtemperature, as well as to the

presence or absence of the (SV40) transcription.inducingagent, sodiumbutyrate. Bona fide Neurospora

enzyme bands on SDS gels at 100 kD, and six of the lines showedthis band, though it was low in two

(<0.02 ng/_zgmembraneprotein)and highinone (>0.8 ng/Izg)comparedwith the average (0.2-0.3 ng/_g),

under optimal conditions. An unexpected immunoreactive band at 120 kD was observed at 37oc, but
disappearedon incubationat 26oc.

Immunofluorescentcytochemistryindicatesthe appearance of Neurospora gene product predomin.

ately in endoplasmicreticulumfor three cell linesthus far examined, and in plasma membrane for two.

The lattertwo lines,in particular,havebeen tested for proton-pumpingand cytoplasmicbuffercapacities.

and both display enhanced cytoplasmicbuffering in responseto pulsed acid loading of the cells, when

compared either with the normal 3T3 cells, with a vector-transfectedcontrol, or with vanadate-treatecl

transfected cells. [The proton-pumpingexperimentshave necessarily been carried out during inhibitor

suppressionof the native Na+/H+ exchanger.] Electrophysiologicalexperiments to measure possible

ioniccurrentsfromthe expressedprotonpump are underway.

Growth of all eight transfected lines is slowcomparedwith that of normal 3T3 cells, and suggests a

potentialtoxiceffectof the Neurospora proteinin mammaliancells. These resultsclearly differfromthose

reported earlier upon expressionof the correspondingSacct_aromyces gene in mammalian fibroblasts

(Perona & Serrano, Nature 334:438-440, 1988; Gillieset al., PNAS 87:7414, 1990).

The authorsare indebtedto Drs. CarolynSlayman and Toni Claudio for continued encouragement.

advice and support,and to Dr. Robert Nakamotofor assistancewith manytechnicalproblems.
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IN YEAST INTERNAL MEMBRANES
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we have developed a system for heterologous expression

of the plant plasma membrane H+-ATPase in yeast (J. Biol.

Chem. (1992) in press). One of the isoforms (AHAI) of the

plasma membrane H+-ATPase from Arabidopsis thaliana was

produced in a yeast expression system comprising a multi-

copy plasmid and the strong promoter of the yeast PMAI

gene. Western blotting with a specific monoclonal antibody

showed that the plant ATP,se is one of the major membrane

proteins made by the t :med cells. The plant ATPase

synthesized in yeast i / active. It hydrolyzes ATP,

pumps protons, and the reaction cycle involves a phospho-

rylated intermediate. Unlike the situation in plants,

however, most of the plant ATPase is not expressed in the

plasma membrane. Rather, the enzyme appears to remain

trapped into the endoplasmic reticulum. In this location

the plant ATPase can be purified with high yield (70 mg

from 1 kg yeast) from membranes devoid of endogenous

yeast plasma membrane H+-ATPase.

Using this convenient expression system two other

isoforms of the plant ATPase (AHA2 and AHA3) have been

produced and characterized. In addition, the yeast system

has allowed us to characterize some mutants of the plant

ATPase produced by in vitro mutagenization.
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IMMUNOLOGICAL APPROACHES TO THE STUDY OF PLANT CALMODULIN-

STIMULATED CALCIUM PUMPS

Theodoulou, F.L., Dewey, F.M. and Evans D.E.

Department of Plant Sdences, The University of Oxford, South Parks Rd, OXFORD,

OXl 3RB, UK.

Calmodulin-stimulated calcium pumping ATPase (CaM-ATPase) activity has

been purified and charactezised from plants (* and Askerlund-and Evans, this

volume). This poster describes work resulting in the production and characterisation

of a small family of monoclonal antibodies to purified CaM-ATPase and preliminary

stud/es to use them to determine the subcellular localisation of this activity.

Female balb/c mice were immunised at 4-week intervals with affinity purified

CaM-ATPase. Of 469 hybzidoma cellILnes screened by ELISA, 20 recognised epitopes

present in the column eluent. All MABs were class IgM and none were affected by

periodate oxidation, indicating that they did not recognise carbohydrate epitopes of

glycoproteins. Secondary screen/ng was by Western blotting againstCaM affinity

column eluent, microsomes and purified plasma membranes. Six celllines were found

to recognise a c140,000 M, polypeptide in the column eluent, likely to be the intact

CaM ATPase.

Light microscope immunofluorescence studies of onion and maize root cells

using the antibod/es ind/cated predominantly non-plasma membrane staining.

Fluorescence staLning appeared to be co-l_d with endoplasmic reticulum.

_tion of the CaM-ATPase at both the endoplasmic reticulum and the plasma

membrane was suggested by Western blotting aqueous two-phase partition- and

sucrose density grad/ent-purified membranes. Here, the MABs recognised a

polypeptide of around 150,000 M, which may be the CaM-ATPase running at an

anomolously high M,. Biochemical evidence supporting the proposition that the CaM-

ATPase has a dual subcellular location is presented by Askerlund and Evans (this

volume).

When a range of MABs to mammalian SR/ER (A4H3, Ylf4, Y2E9, Y3G6, 12H7; ')

and PM calc/um pumps (giftof J.T. Penniston )were Western blotted against purified

plant CaM-ATPase no recognition of high M, polypeptides was indicated, although the

anti-mammal/an PM CaM-ATPase MAB gave a similar hnmunofluorescence pattern to

the anti-plant MABs. The immunoblotting results were in contrast to earlier work

using an anti-erythrocyte CaM-ATPase polyc/onal antibody I.

1 Briars, S.A., Kessler, F. and Evans, D.E. (1988) Planta 176:283-285

2 Colyer, J., Mata, A.M., Lee, A.G. and East, J.M. (1989) Biochem J., 262:
439-447
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CHANGES IN ATP-DEPENDENT CaR+ TRANSPORT IN SEALED PLASMA MEMBRANE

VESICLES ISOLATED FROM SENESCING PARSLEY LEAVES

Philosoph-Hadas, S., Ronen, R., Sabauo, R. and Meir, S.

Department of Fruit and Vegetable Storage, AR0, The Volcani Center, Bet

Dagan 50250, Israel

It has been suggested that the capability to maintain cytoplasmic

Ca2. at homeostatic levels is impaired during plant senescence. To

test whether this could be due to changes in the Ca2. pumping
2.

activity, we have characterized the ATP-dependent Ca transport

activity in plasma membrane vesicles isolated from leaves of parsley

(Petroselinum crisD_) at various senescence stages. Based on three

senescence-associated activities (chlorophyll loss, proteolysis and

lipid oxidation), six consecutive senescence stages were defined in

detached parsley leaves undergoing dark senescence (stages A-F). Sealed

plasma membrane vesicles were obtained in high purity from microsomal

fractions of these senescing leaves by aqueous two-phase partitioning.

Based on the analysis of a range of markers, the plasma membrane

preparations (U2 phase), which exhibited a vanadate-sensitive,

Mg2.-dependent H.-ATPase activity, were shown to be devoided of

mitochondria membranes or acid-phosphatase activity, and showed only

trace amounts of tonoplast contaminations. All the vesicles were

oriented inside-out and exhibited ATP-driven 45Ca transport at pH

7.2. During senescence of detached parsley leaves, the specific
+

activities of the H -ATP hydrolysis, decreased by 50% during the

initial 24 h, and then leveled off. On the other hand, the ATP-

dependent uptake of Ca2., which declined too by 50% during the

initial 24 h, decreased to zero within the subsequent 48 h. These

senescence-induced changes in the activities of the membraneous enzymes

preceded the onset of chlorophyll loss and the rapid accumulation of

aldehydes and amino acids. The results suggest that loss of the ability

of extruding Ca 2. out of the cell is an early event in senescence of

parsley leaves. Such an event is likely to result in elevated levels of

Ca 2. in the cytoplasm, which may be the signal that triggers turnover

of membrane phospholipids, leading irrevocably to cell death.
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INVESTIGATION OF CALCIUM-TRANSPORTING ATPases IN RED BEET

L.J. Thomson,T. Xing, J.L. Hall, LorraineWilliams.

Departmentof Biology,Universityof Southampton,Southampton,SO9 5NH, U.K.

For calcium to function effectively as a secondary messenger its concentration within the

cytoplasmmustbe carefullyregulatedand maintainedat a low restinglevel.The plasma membrane,

tonoplastand endoplasmicreticulum(ER) are thoughtto playimportantrolesin calciumhomeostasis

throughthe action of direct Ca=*-pumpingATPases (ER and PM) and a Ca=*/H° antiport (tonoplast)

(Evanset al. 1991).

The plasma membrane and ER calciumpumps show similarpropertieswith respectto their

calciumtransportingactivities.Thereforethisstudyaims to differentiatebetweenthese two systemsby

studying the phosphorylated intermediates formed when incubating ER-endched and plasma

membrane-enrichedfractionswith rt -=P]ATP as substrate.

Purifiedplasma membrane was obtained by aqueous two phase partitioningof a red beet

microsomalfraction.The absence of NADH-Cytc reductase activityinthis fraction indicated the lack

of ER contamination.In contrast the lowerphaseobtainedfollowingaqueous-twophase partitioningof

an ER-containing-su_ose gradient fraction was highly enriched in NADH-Cyt c reductase activity.

Westernblotting,usinga polyclonalantibodyto the plasma membraneprotonpump,revealed that this

ER-enriched fraction was only slightlycontaminated by plasma membrane. The phosphorylated

intermediates formed in both of these fractions were characterized. Calcium-dependent

phosphoenzymeswere observed in both fractions which exhibited rapid turnover, hydroxylamine

sensitivityand vanadate sensitivity. The effectsof erythrosinB, thapsigargin,cyclopiazonicacid, and

a number of K" saltswere studiedto investigatepossible differencesin the propertiesof the ER and

PM calciumtransporters.
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Evans DE, BriarsSA, Williams LE (1991) Active calciumtransportby plantcell membranes.J.Exp Bot
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A PROTEIN WITH HOMOLOGY TO CALCIUM-TRANSPORTING ATPASES IS FOUND

IN THE CHLOROPLAST ENVELOPE

Berkelman, T., Huang, L.-Q., Franklin, A.E. and Hoffman, N.E.

CarnegieInstitution of Washington DepL of Plant Biology, Stanford, CA.

A partialArabidopsis thaliana cDNA clone has been selected froman expression library usingan

antiserumdirected against proteins from spinach (Spinacea oleracea) chloroplast envelope. Sequence analysis

reveals that this clone contains an open reading frame encoding a 96 kDa polypeptide. The deduced amino acid

sequencecontains all of the features common to P-type ATPases as well as regions of homology unique to calcium-

transporting ATPases from animal, plantand fungal sources. The highest homology was found to mammalian

plasma membrane Ca2+-ATPases (31% amino acid identity with rat plasma membrane Ca2+-ATPase).

Localization of the polypeptide to the chloroplast envelope was confirmed immunochemically. A fusion

proteinwas expressed in E. coli from the eDNA and an antiserum was raised against the fusion protein. This

antiserum was used to probe preparations of pea chloroplast envelope, thylakoid membranes and microsomes on

immunoblots. Strong specific cross-reactivity was observed to a 90-95 kDa polypeptide in the chloroplast envelope

fraction. Slight cross-reactivity was observed to a larger polypeptide in the microsomes and little or no cross-

reactivity was observed in the thylakoid preparation.

Experiments are in progress to identify ion-u'anslx_ng ATPases in chloroplast envelope preparations.

Experiments are planned to analyze targeting of the polypeptide to the chloroplast envelope and to elucidate the

physiological function of this enzyme.
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CHARACTERISATION AND LOCALISATION OF A Ca2+-DEPENDENT ATP

HYDROLYSIS IN THE MICROSOMAL FRACTION OF WHEAT ROOT.

G.J.Allen', R.A.Leigh _, R.G.Wyn Jones" & F.Morais c.
"University College of North Wales, Bangor, Gwynedd, UK, LL57 2UW
_Rothamsted Experimental Station, Harpenden, Herts, UK, AL5 2JQ
_3niversity of Lisbon, 1700 Lisboa, Portugal.

Ca2. .A -uependent ATP hydrolysis present in the microsomal

fraction of wheat roots has been previously reported _0=. In this

poster we present data which more fully characterises this

activity.

Cat.The pH profile of -uependant ATP hydrolysis in the microsomal

fraction revealed two distinct activity peaks at pHs of 5.5 and

7.5. Density gradient centrifugation on an 8-45% (w/w) continuous

sucrose gradient indicated that at both pHs the Ca2.-dependent

ATP hydrolysis was maximal in fraction 14 (F,). This fraction

had a sucrose density of 1.045 g ml "_ and was tonoplast enriched,

as demonstrated by maximal nitrate sensitive Mg'.,Cl-ATPase

activity. In F, the Cat.dependant ATP hydrolysis was 38-51%

higher than the Mg=+-dependent hydrolysis. The nucleotide

specificity of both the Ca t. and Mg2.-dependent hydrolysis in FI,

was high for nucleotide triphosphates but low for di- and

mononucleotides and p-nitrophenylphosphate. The Ca2.-dependent

hydrolysis was more ATP specific at pH 5.5 than 7.5. °

ATP hydrolysis in F_, had a _ of 8.12 ±0.63 _M for [Ca2.],rH. The

Ca_.-dependent ATP hydrolysis at both pH 5.5 and 7.5 was

insensitive to vanadate, azide and baflinomycin, however, the

activity at pH 7.5 was sensitive to KCI.

These results indicate the presence of a Ca2.-dependent ATPase on

the tonoplast of wheat roots. The activity of this enzyme will

be low at cellular levels of free Ca 2. (low nanomolar range) but

may become activated during Ca t. "spikes" associated with various

signal transduction processes 3. This enzyme may therefore have a

role in purging the cytoplasm of Ca t..

Work is currently proceeding to determine the relative H_-pumping

activities of the Mg 2. and 2.Ca -ATPases in tonoplast vesicles.

IKylin and Kahr (1973) Physiolgica plantarum 28, 452-457
2Kahr and Moller (1976) Physiolgica plantarum 38, 153-158
3Gilroy et al. (1991) Plant Cell 3, 333-344
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CALCIUM AND VANADATE ENHANCE PROTEIN PHOSPHORYLATION AND INHIBIT

H+-ATPASE ACTIVITY IN THE PLASMA MEMBRANE OF TOBACCO, CUCUMBER AND

ARABIDOPSIS THALIANA

Ye, X. S., Avdiushko, S. A, and Kuc, J.

Department of Plant Pathology, University of Kentucky, Lexington, Ky 40546

Plasma membraneswere isolated from leaves of tobacco, cucumberandArabidopsis thaliana by aqueoustwo phase

p'aa'fitionitzg.Protein kinases and l:.hosphoproteins were highly emiched in the plasma membrane. Specific activity

of protein kinases in the plasma membrane was > 100 times higher than in soluble protein fraction and > 7 times

higher than in endomembranes of all three plant species. In vitro phosphorylation of plasma membrane proteins

was Ca2+, but not calmodulin-dependent. A few proteins showed strong phosphorylation in the absence of free

Ca2+. The phosphorylation of pp60, a phosphoprotein present in all three plants, was inhibited by free Ca2+.

Vanadate, a potent H+-ATPase inhibitor, strongly and specifically enhanced the phosphorylation of plasma

membrane proteins at concentrations from 100 to 500 la-M. Vanadate had no effect on the phosphorylation of

soluble and endomembrane proteins. Vanadate had no effect on the thiophosphorylation of plasma membrane

proteins, whereas Ca2+ greatly enhanced thiophosphorylation. Results from chase experiments after pulse labeling

in the presence and absence of vanadate suggested that vanadate increased the rate of accumulation of phosphorylated

proteins in the plasma membra.ae by inhibiting dephosphorylation. The enhancement in protein phosphorylation by

Ca2+ and vanadate was additive. Plasma membrane protein kinases were highly sensitive to serinedthreonine kinase

inhibitors, but not to tyrosine kinase inhibitors. Okadaic acid had no effect on the plasma membrane protein

phosphorylation. Plasma membrane phosphoproteins were highly phosphorylated at the serine residue. Tyrosinc

phosphorylation was not detected. The ratio of phosphoserine to phosphothreonine was about 7. Ca2+ and vanadatc

strongly inhibited H+-ATPase activity, whereas EGTA and EDTA strongly promoted I-l+.ATPase activity and

reversed the inhibition by Ca2+, but not by vanadate. The results suggest that H+-ATPase in the plasma membrane

may regulated by protein phosphorylation.
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ACTIVATION OF THE GUARD CELL PLASMA MEMBRANE H+-ATPASE OF

VICIA FABA BY PLANT GROWTH REGULATORS

Lohsz O. & Hedrich R.

Institutfiir Biophysik, Universitit Hannover, HerrenhauserStr. 2, 3000 Hannover21, Germany

Stoumtal movement is controlled by external sad internal signals such as light, phytohormones or

cytoplasmic calcium.

We have studied the dese-dependent effect of auxins on the modulation of stomatal opening as mediated

throughthe activity of the plasmamembraneH+-ATPase. The auxin-dependentopening was characterizedby

bell-shapeddose-response-curves.

The l_tch-clamp technique was used to elucidate the electrical propertiesof the H+-ATPase as effected by

growth regulatorsand seasonal changes. H. currentsthrough the ATPase were characterizedby a voltage-

dependent increase in amplitude positive to the resting potential, reaching a plateau at more depolarized

values. Auxin-stimulation of this electroenzyme resulted in a rise in the outward-directedH+ current and

membranehyperpolarization, indicating that modulation of the ATPase by the hormone may precede salt

accumulationas well as volume andturgor increase.

Anauale cycles in pump activity were expressedby a minimum in pumpcurrentduring january andfebruary.

Resting potentialsand plasma membranesurfacearea, on the otherhand, did notexhibit seasonal changes.

The pumpactivity per surfaceareawas approximately 2-3 fold higher in guard cells then in mesophyll cells

and thus correlateswith theirphysiological demands.



RE-EXAMINATION OF THE ACID GROWTH THEORY OF AUXIN ACTION: AU, oIN-
INDUCED PROTON EXCRETION AND ACID-INDUCED CHANGES IN THE MECHANI-
CAL PROPERTIES OF THE CELL WALL.

Mizuno, A., iNakahori,K, and 2Katou,K.

Nihon Fu_ushi University, Mihama-cho, Chita-gun, Aichi 470-32,
Japan., _Department of Biology, Faculty of Science, O_ayama Uni-
versity, Tsushima-naka-3-1. 1, Okayama 700, Japan., _Biological
Lab., College of General Education, Nagoya University, Chlkusa,
Nagoya 464-01, Japan.

We re-examined the acid growth theory of auxin action con-
cerning the following two points.

1)Auxin-induced proton-excretlon.
IAA was applied to Vigna hypocotyl segment by xylem perfu-

sion. IAA stimulates the electrogenic proton pump at the plas-
malemma that excretes protons to the cell wall apoplast. Howev-
er, a large amount of protons is trapped in the cell wall as a
pH-buffer (1). We attempted to release protons from the cell
wall by application of cations that can exchange with protons on
the cell wall polysaccharides (2).

2)The changes in the mechanical properties of the cell wall
during acid growth: comparison with that under auxin-induced
growth.

An aerosol of HCl solution was applied to the abraded Vigna
hypocotyl segment during xylem perfuslon. The cell wall extensi-
billty and the effective turgot were increased under the acid-
induced growth as _Jimilar to auxin-induced growth (3). However,
turgor pressure, which scarcely changed under auxin-induced
growth (3), largely decreased under acid-induced growth. We
consider this d±screpancy in the behaviour of turgor pressure as
follows. Auxin stimulates both the surface and the xylem proton-
pumps simultaneously (4), then enhanced the active water uptake
as simultaneously as it loosens the cell wall (5). On the other
hand, acid-aerosol does not stimulate the proton pumps although
it loosens the surface cell wall.

1. Mizuno,A. and Katou,K. (1991) Plant Cell Physiol. 32:403-408

2. Grignon,C. and Sentenac,H. (1991) Ann. Rev. Plant Physiol.
Plant Mol. Biol. 42:103-128

3. Nakahori,K. et al. (1991) Plant Cell Physiol. 32:121-129

4. Ikoma,S. and Okamoto,H. (1988) Plant Cell Physiol. 29:261-267

5. Katou,K. and Furumoto,M. (1986) Protoplasma 133:174-185
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CALCIUM FLUX IN EXCHANGE FOR PROTONS IN OAT 'ACID-GROW'12-1'

Atif, Idam andNewman, lan A.

PhysicsDepamnent,UniversityofTasmania.GPO Box252CHobart,Tas.7001,Australia

Theacid-growththeoryofIAA actiontocauseelongationgrowthofplantcells(I)statesthatIAA causescellsto

extrudeprotonswhichacidifythecellwallscausingthemto loosen.Questionsoverthetheoryinclude(i)whether

IAA reliablyreduceswallpH (6);(ii)whetherextrudedprotonsexchangewithload.bearingcalciumcrosslinksto

loosenthewalls;(fii)whetherthemajorbondsarenotcalciumcrosslinksbutotherunknownbondsthatbreak

enzymatic,allyatlowpH (7).

We havemeasuredCa2"andH°netfluxesfollowingIAA orfusicoccinueatmentofsplitoatcoleoptileswhich

werepnstre,atedforbetweenIand4.5hoursinaerated,unbuffered0.1mM KCI+ 0.ImM CaCI2,atpH 6.Net

fluxesweremeasuredusingthenon-invasiveMicroelectrodeIonFluxEstimation(MIFE)techniquetomeasure

electrochemicalgradients(3).UsingtheweakacidDonnan-Manning(WADM) modelofthewall(4,5),and

avoidingbuffersorchelators,we haveinferredconditionsinthewallfromthemeasurednetfluxesandexternal

quantities.Fusicoccin(I#M) causesimmediateandmassiveH"extrusion(toapeakof350nmolm "_s"I)fromoat

coleoptile cells, with about two thirds of the exu'udedH+exchanging forCa2. in the cell walls in a process thatwe

have quantitativelymodelled, tAA causes smallernet emuxes (-15 nmol m': s"1,each ion) but with a 10 minute

delay to the startof H"efflux. Ourresults appearto validatethe acid-growth theory for IA.Aaction in oats, with

acidbreakageof Ca2+cross links being a possible mechanism. Interestingly,the IAA-inducedcalcium effiux

appearsto startwith no delay, as ff the IAA initiatesan immediatereleaseof calcium. Precedingthe well-known

membranehyperpolarisafioncaused by IAA, we observe transientH+influx to the tissueandmembrane

depolarisation.

Ourhypothesisis:IAA releasesCa2°fromsomelocation(notload-bearing)inthewall.SomeofthisCa2+enters

thecell(perhapsviaCa_'channelsthatarethemselvesopenedbyIAA bindingtotheplasmalemma).Therestof

the Ca2°releasedleaves the wall, H"moving into the wall to maintainchargebalanceduringthose first few

minutes. The 'second messenger'Ca2°entering the cytoplasm causes a rise in pCa. observedby Felle (2), and

initiatesH° exu'usionwith a totaldelay of 10 minutes. This H° causes 'acid-growth' by exchange-releaseof Ca_"

from load-bearingbondsbetween polymer molecules. The Ca2"leaves the wall, togetherwith theresidue of H"

Whatother ion fluxes maintaincharge balance is unknown.

1. Cleland,R.E., Bucidey, G., Nowbar,S., Lew, N.M., Stinemetz,C., Evans, M.L. & Rayle,D.L+(1991)
Planta 186, 70-74

2. Fell(:,H. (1988). Planta 174,495--499

3. Newman, I.A., Kochian,L.V., Grusak,M.A., & Lucas, WJ. (1987) Plant Physiol. g4, 117"7-1184.
4. _dchter,C. & Dainty, J. (1990) Canad..l. Bot. 68,773-781.

5. Ryan, P.R., Newman,I.A. & Arif, I.(1992) Plant, Cell & Env. In press.
6. Senn, A.P. & Goldsmith, M.H.M. (1988) Plant Physiol. 88, 131-138
7. Virk,S.S. &Cleland, R.E. (1990) Planta 182,559-564
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CELL GROWTH AND MEMBRANE ACTIVITIES IN PLANTS

Okamoto, H.

GraduateSchool of IntegratedScience, Yokohama City University, Yokohama, _6, Japan

We had developeda model of physiological structurein plantaxial organs(1). Later,we

investigatedthe physiological role oi _hemain elements in this model, andreacheda conclusion

expressedschematicallyas follows (2):

Surface H.-pump--- extrusion of H.---. wall loosening into

cell wall (increase in _)

AUXINend/or
osmotic stress eccerelation

of growth

lylm H.-pump extrusion of H. formation of PIE=

into xylm apoplast (increase in A n)

Then we haveexamined whetherboth proto, pumpsreally increases wall exte,sibility ( _ ) or

osmotic potential difference, by means of pressure jump method(4)togetherwith an improved

pressure probe(6), based on the KATOU-FURUMOTO'sdiagram(3). We discovered thatIAA and/or

osmo,,c stress increasednotonly _band A n., but also the effective turgorP-Y (5), where P is

the turgorandY is the yield thresholdof the cell waU. Since P is notchangedby IAA. Y mustbe

decreased(5,6). Inthe absence of GA, IAA did not increase _, butonly decreased Y (7).

1. Okamoto,H., lchino, K. and Katou,K. (1978) PlantCell Environ. 1,279-284.

2. Katou, K. andOkamoto,H. (in press) Intern.Rev. Cytol.

3. Katou, K. andFurumoto,M. (1986) Protoplasma133, 174-185.

4. Okamoto,H., Liu, Q., Nakahori,K. and Katou,K. (1989) PlantCell Physiol. 30, 979-985.

5. Okamoto,H., Miwa,C., Masuda,T., Nakahori,K. and Katou, K. (1990) ibid. 31,783-788.

6. Nakahori,K., Katou,K. and Okamoto,H. (1991). ibid. 32, 121-129.

7. Okamoto,A. personalcommunication.
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RELATIONSHIPSBETWEENTHE CHANGESOF MALATE AND GLUCOSE-6-PLEVELS AND OF

INTRACELLULARpH ASSOCIATEDWITH K+- AND NH4+-DEPENDENTELECTROGENICH+
EXTRUSION

Marn),M.T.,Vergani,P.andMarrO,E.

DepartmentofBiology,UniversityofMilan,Italy

Previousworkhasshownthat:a) theactivationof H+ extrusion(Z_H+)by IAAor by

fusicoccin(FC)inthepreser_ofK+ isassociatedwithan increaseinmalateviaactivationof

malatesynthesisbyPEPcarboxylase;b)theincreaseinmalateisassociatedwithanincreasein

glucose-6-PandaninhibitionofPPPactivity;c)K+-and(K+ plusFC)-induced-AH+ stimulation

isassociatedwith-andappearsthecauseof- analkalinizationofthecytosol.Thissuggested

thehypotJ_isofthecause-effectchainofevents:-Z_H+ -_increaseof pHc_ -_increaseof
malate-)malic_iated increaseofNADPH-_inhibitionof glucose-_ -.increaseof

glucose-6-P(I).

TotestthisItypothesiswestartedfromthefindingthatNH4+outand(NH4+ plusFC)induce

in [!,o__ densaleavesstimulationsof -Z_H+ verysimilar to thoseinducedbyK+outandby(K+

plusFC),whilecytosolic_ ismrkedlyincreasedbyK+out(byabout0.2,without,andby0.4,
+

withFC(1,2))andverylittleornotatallbyNH4 out(+FC).Inleavesthustreatedwealso
meamJredthechangesofmalate,glucose-6-P,NADP+ andNADM_.We foundthat:i)bothmalateand

glucose-6-Psignificantlyincreasedinthe(K+ plusorminusFC),butnotinthe(NH4+ plusor
minusFC)-treatedleaves;ii)_ andNADP+ levels(6.8and8.1nmol/gFWrespectively)were

notsignificantlychangedbyanyofthetrealmL=nts.

Theseresultsconfim the cause-L_ectrelationshipbet_ -AH+-associatedchangesof

PHcyt andofmalatelevel,aswellastheparallelismbei_mmmtheresponsesofmalateandof

glucose-6-Ptotreatmentsinfluencing-AH+ and_cyt"Thefailuretodetectsimultaneouschanges
ofNADPHandNADP+ isindisagreeTentwithourformerhypothesisaccordingtowhichglucose-6-P

increasewouldbe a consequenceof thehigh_-inducedincreasein malate,and thusin

NADMI/NADP+ ratio.Thepossibilityremainsopenofa ntxlulatingeffectofcytosolicpHon the

activityofNAI)PHininhibitingglucose-6-PDH(asdemonstratedforthechloroplastenzyme).

I. MarrY,E. andRasi-Caldogno,F. (1989)PlantMenOraneTransport.J.Daintyet al.eds.

ElsevierSciencePublisher,pp.307-316.

2. MarrY,E.,Beffagna,N.andRomani,G.(1987)BotanicaActaO,17-23.
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INCUBATION OF INTACT AVENA-ROOTS WITH FUSICOCCIN

INCREASES THE ATPASE-ACTIVITY IN PLASMA MEMBRANE

VESICLES.

Lanfermeijer, F.C., Vogelzang, S.A. and Prins, H,B,A.

Ecotrans, Department of Plant Biology, University of Groningen, P.O.Box 14, 9750 AA, Haren, The
Netherlands.

The phytotoxin Fusicoccin (FC) is known for its induction of auxin-like responses in plant

tissues (Marr_ 1979). it promotes growth and it affects ion-fluxes across the plasma membrane (PM).

in roots from Plantago media and Arena sativa the following responses to FC were observed:

hyperpolarization of the membrane potential and stimulation of both proton el'flux and potassium
influx.

It is generally accepted that FC stimulates the PM-H'-ATPase (Marr_ 1979). Other effects of

FC on transport processes would have their orion in that stimulation. Recently, an alternative

explanation has been presented. A FC-induced decrease in the membrane conductances of passive

proton- and potassium- fluxes would also result in the observed hyperpolarizafion and changes in

proton- and potassium-fluxes, even without an increased PM-H'-ATPase-activity (Blatt and Clint

1989).

We investigated the effects of FC on ion-fluxes in protoplasts with the patch-clamp technique

and in PM-vesicles with biochemical techniques, in this presentation we discuss the results obtained

with the PM-vesicles. The results obtained by patch-clamping protoplasts are discussed in an other

presentation (see Vogelzang, Lanfermeijer and Prins).

Incubation of intact Arena-roots with

FC prior to PM-vesicle isolation resulted in a pH-depeadency of ATPase-activity
in PM-vesicles

stimulation of PM-ATPase-activity in the ,,

vesicles. This stimulation was most pronounced : /P"'-.,
/..,_. "-_,+FC

at pH-values higher than the pH-optimum of the .-. _. ×/ \ \
,,,s" , \\ATPase-activity in vesicles from untreated roots. _ ',

FC-treatment shifted the pH-optimum of the _ d{/ -FC_
PM-ATPase-activity to more alkaline values with "i _" \

1_ \ ,,

about 0.3 pH-values. A more detailed study of _" t- '_ \\
the stimulation by FC revealed that the ,

stimulation primarily resulted from an increase "a-.....'..I
of the V,,,_, of the PM-ATPase. Apparent o 6 ) _ 9

pH
affinities (K,,,) were not affected by FC.

References

MarrY.,E. (1979) Annu.Rev.Plant Physiol. 30, 273-288

Blatt, M.R., CEnt, G.M. (1989) Planta 178, 509-523
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THE PLASMALEMMA H+-ATPase IS MODULATED BY A CALCIUM CALMODULIN

DEPENDENT PHOSPHORYLATION

Zocchi, G. and Rabotti, G.

Dipartimentodi Fisiologia delle Piante Coltivate e Chimica Ag_axia,Universithdi Milano, Via C.eloria2, 20133

Milano, Italy

The plasmalemmaH+-ATPase is a key enzyme which is involved in the regulationof many

cellularandphysiological processes. Its main functionis the productionandmaintenanceof an electrochemical

protongradientacross membranesusing the metabolicenergyfromATPhydrolysis.Such anelectrochemical

gradientmay be utilized to energize the secondarytransportof nutrients,osmoregulation,cell elongation,

controlof intracellularand extracellularpH(1). The relevantimportanceof thisenzyme makes it apossible

targetformodulation. It has beenrecognizedthatthe responseto extra- and intracellularstimuli thatsignals a

modificationof a physiological statusmay increaseor decreasethe activityof this enzyme. Evidence obtainedin

the recent years suggests the possibility that themodulationof the H+-ATPase mightbe linked to a

phsphorylation/dephosphorylationsystem and that the Ca-Cam complex may be involved (2,3).

Aim of ourworkhas been thedeterminationof apossible involvement of the Ca-Cam complex

on the regulationof theH+-ATPase activity througha covalent modification.A fractionfrommaize primary

roots enrichedin plasmamembranes was preparedby using the partitioningaqueous/polymertwo-phase

technique.The H+-ATPase activity in the plasmamembraneswas decreasedwhenCa2+ andCam were present

together eitherwhen measuredasATP hydrolysisor as H+ pumpingactivity.In both cases thedecrease was

around 50%. To understandwhetherthe effect of Ca-Cam was directon the H+-ATPase, plasma membranes

were incubatedin a conditionsuitableforprot".inphosphorylationand in the presenceof Ca2+ and Cam and

successively reisolated to eliminateCa2+ andCam.Also in this casea decrease by 35/45% in the H+-ATPase

activitywas determined.Phosphorylationof membraneproteinshow an increase in the incorporationof 32p

whenCa2+ and Cam were presenttogether.Autoradiographyof the SDS-PAGE of phosphorylatedplasma

membranesshows an increasein the patlernof phosphorylatedproteins.Inparticularthe phosphorylationof a

bandaround 100kDwhich can be the H+-ATPase was increasedby morethan50%. The datapresentedseem to

confirm that the negative effect of Ca2+-Cam on the H+-ATPase activityis sustainedby a phosphorylation

mechanism.

I. Serrano,R. (1985) Plasma membraneof plantsand fungi. CRC Press.

2. Zocchi, G. (1985) PlantSci. 40, 153-159.

3. Schaller,G.E.and Sussman,M.R. (1988) Planta73, 509-518.
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MUTANTS OF ARABIDOPSIS THALIANA ALTERED IN FUSICOCCIN SENSITIVITY

Vannini, C., Gomarasca, S., Talarico, A., Venegoni, A., MarrY, M.T. and

Soave, C.

Department of Biology, University of Milan, 20133 Milan, Italy

Fusicoccin (FC) is a toxin stronEly activating the plasmalemma H+-ATPase.

In Arabidopsis, as in other species, the toxin induces at the cellular level

hyperpolarization, acidification of the external medium and increased uptake

of cations and, at the plant level, stomatal openinE and wiltinE.

We took advantage of the capacity of FC to promote solute uptake for

developing a procedure which kills AFabidopsis thaliana wildtype seedlings

exposed to FC and to a toxic cation (Paraquat). M2 progenies from 2020 M1

plants mutaEenized with EMS were screened and and three FC-Paraquat resistant

seedlings came out. The trait was transmitted to advanced generation and,

starting from M5, homoEenous progenies were assayed for resistance to Paraquat

alone and for sensitivity to FC with three additional tests (resistance to FC

plus hygromycin, resistance to wilting and stomatal opening). The three

selected lines appeared all sensitive to Paraquat at a concentration five

times higher thant that used in the selective system, and insensitve to FC in

the three additional tests used. In one line (5-2), the trait is transmitted

accordinE to a monogenic dominant (or codominant, depending on the test used)

type of inheritance. A preliminary characterization of the physiological

properties of the mutant will be reported.



CONTROLLED PROTEOLYSIS AFFECTS THE REGULATORY PROPERTIES OF THE

PLASMA MEMBRANE H +-ATPase AND Ca-ATPase

De Michelis,M.I. §, Rasi-Caldogno,F.°, Olivari,C.*, Carnelli,A°. and Pugliarello,M.C.°

°Centro CNR Biol. Cell. Mol. Piante, Dip. Biol. Uni. Milano (Italy); § Ist. Bot. Uni. Messina
(Italy)

Controlledtrypsin treatment increases the activity of the plasma membrane (PM) H +-ATPase

of fungal and plant cells, by removing a C-terminal inhibitory domain. Also the Ca-ATPase of

erythrocytes, an enzyme closely related to the plant cell (PM) Ca-ATPase has a C-terminal inhibitory

domain, the removal of which by controlled trypsin treatment increasesthe enzyme affinity for

Ca2 + and abolishesits activation by calmodulin (CAM).

We have investigated the effect of controlled trypsin treatments of PM isolated from radish or

Arat_id_psisseedlings, on the activities of the H +-ATPase and of the Ca-ATPase, with special

regard to their sensitivity to activation respectively by _usicoccin(FC) and CaM.

The activation of the PM H +-ATPase induced by controlled proteoiytic treatment is strongly

dependent on the pH of the assay medium and markedly increases with the increase of pH from 6.6

to 7.5, similarly to what observed for the activation by FC. The proteolytic treatment abolishesFC-

induced stimulation of the PM H +-ATPase, while only scarcely aftacting FC bindingto its receptor.

Controlled treatment with trypsin in the presence of the nucleosidetriphosphate substrate ITP

stimulates the PM Ca-ATPase activity, increasing its affinity for Ca2 + and abolishingits stimulation

by exogenous CaM.

These results taken as a whole indicate that both the H +-ATPase and the Ca-ATPase of the

PM of plant cells are endowed with a regulatory domain which controls their ac*.ivitiesunder

physiologicalconditions. Effectors such as FC or CaM may modulate enzyme activity by interacting

with the regulatory domains or by modifying their interaction with the enzyme.



RE-EXAMINATION OF THE ACID GROWTH THEORY OF AUXXN ACTION: AUXIN-
INDUCED PROTON EXCRETIO_ AND ACID-INDUCED CHANGES IN THE MECHANI-
CAL PROPERTIES OF THE CELL WALL.

Mizuno,A., 1Nakahori,K. and 2Katou,K.

Nihon Fu_ushi University, Mihama-cho, Chita-gun, Aichi 470-32,
Japan., _Department of Biology, Faculty of Science, O_ayama Uni-
versity, Tsushima-naka-3-1-1, Okayama 700, Japan., _Biological
Lab., College of General Education, Nagoya University, Chikusa,
Nagoya 464-01, Japan.

We re-examined the acid growth theory of auxin action con-
cerning the following two points.

1)Auxin-induced proton-excretion.
IAA was applied to Vi____ hypocotyl segment by xylem perfu-

sion. IAA stimulates the electrogenic proton pump at the plas-
malemma that excretes protons to the cell wall apoplast. Howev-
er, a large amount of protons is trapped in the cell wall as a
pH-buffer (1). We attempted to release protons from the cell
wall by application of cations that can exchange with protons on
the cell wall polysaccharides (2).

2)The changes in the mechanical properties of the cell wall
during acid growth: comparison with that under auxin-induced
growth.

An aerosol of HCl solution was applied to the abraded Vigna
hypocotyl segment during xylem perfusion. The cell wall extensl-
bility and the effective turgor were increased under the acid-
induced growth as similar to auxin-induced growth (3). However,
turgot pressure, which scarcely changed under auxin-induced
growth (3), largely decreased under acid-lnduced growth. We
consider this discrepancy in the behaviour of turgot pressure as
follows. Auxin stimulates both the surface and the xylem proton-
pumps simultaneously (4), then enhanced the active water uptake
as simultaneously as it loosens the cell wall (5). On the other
hand, acid-aerosol does not stimulate the proton pumps although
it loosens the surface cell wall.

1. Mizuno,A. and Katou,K. (1991) Plant Cell Physiol. 32:403-408

2. Grignon, C. and Sentenac,H. (1991) Ann. Rev. Plant Physiol.
Plant Mol. Biol. 42:103-128

3. Nakahori,K. et al. (1991) Plant Cell Physiol. 32:121-129

4. Ikoma,S. and Okamoto,H. (1988) Plant Cell Physiol. 29:261-267

5. Katou,K. and Furumoto,M. (1986) Protoplasma 133:174-185
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THE EFFECT OF LIGHT-INDUCED CHANGES IN CYTOSOLIC pH AND pCa ON
PLASMALEMMA TRANSPORT

Hansen, U.P., Moldaenke, C. and Plieth, C.

Institut ffir Angewandte Physik, Uuiversit_t Kiel, Leibnizstr. 11, DW-2300 Kiel 1, Germany

Stimulation of photosynthetic activity by light induces transient increases in pH and pCa in the

cytosol which influence the transport activity of the proton pump and of the potassium channel in the

plasmalemma. Alkalinization could originate from two mechanisms: uptake of protons across the envelope

as a consequence of the depletion of protons in the stroma due to the generation of the transthylakoid

pH-gradient or by uptake of COs as caused by increased activity of the Calvin cycle. As increased CO2-

fixation is promoted by an increased supply of ATP and thus also by the transthylakoid pH-gradient, the

two candidates for the cytosolic increase in pH could not be distinguished by means of previous kinetic

investigations (1) as the time-constant r4 of the changes in tra_thylakoid pH-gradient would dominate the

kinetics of the light-induced changes in the activity of the proton pump in either case.

Leaves of A egopodium podagrar_a were used in order to compare the effects of the modulation of

light intensity, COs- and O_-concentrations on chlorophyll-fluorescence (2) and on plasmalemma potential.

All three input signals resulted in kinetically equivalent responses of the activity of the plasma]emma proton-

pump, i.e. in all three cases the time- constant of the induced depolaa'isation was identical to r4 (10 to 40s)

of the induced changes in chlorophyll-fluorescence which is an indicator of changes in the transthylakoid

pH-gradient. A direct action of CO2 on cytosolic pH would have induced much faster responses.

In addition, a direct CO2-effect on plasmalemma potential via a direct action of CO2 on cytosolic pH

could be excluded by studying the dependence on light intensity of the time-constant of COs- and O_-action

on plasma]emma potential. It was found to be strongly dependent on light intensity as r4 related to the

transthylakoid pH-gradient is. This would not be expected for a direct action of CO2 on cytosolic pH.

The light-induced decrease in transport activity of the K+-chaanel is supposed to be caused by an

uptake of calcium-ions into the chloroplasts (1). This is caused by an unknown mechanism, who becomes

obvious in the kinetics of chlorophyll-fluorescence as an individual component related to the time-constant

rsa. The uptake of calcium results in a light-induced increase in the velocity of cytoplasmic streaming as

measured by laser velocimetry (3).

1. Vanselow, K., Hansen, U.P., 1989, J. Membrane Biol. 110, 175-187

2. Hansen, U.P., Dau., H., Briining, B., Fritsch, T. and Moldaenke, C., 1991,

Photosynth. Res. 28, 119-130

3. Plieth, C., Hansen, U.P., 1992, Planta, submitted
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ROLE OF CYTOPLASMIC INORGANIC PHOSPHATE IN LIGHT-INDUCED

ACTIVATION OF H* PUMPS IN THE PLASMA MEMBRANE AND TONOPL•,_ qT OF

CHARA C()RALLINA

Mimura,T.:),Takeshige, K.2),Mitsumod, E3)and Tazawa M.4)

1) Dep. of Life Science, Fac. of Science, Himeji Institute of Technology,Hyogo 678-12, Japan
2) Tokyo ResearchLaboratories,Kyowa Hakko Kog'yoCo., Ltd.,Tokyo 194,Japan
3) National Institute for l_vironmental Studies, Tsu'l/uba,lbaraki 305, Japan
4) Dep. of Applied Physicsand Chemistry,Fukui Instituteof Technology,Fukui 910, Japan

The plasma membrane of characean cells hyperpolarizes upon illumination (Fig. 1) with simultaneous

acidification of the vacuole (Fig. 2). These phenomena are imown to result from the activation of H. pumps in tile

plasma membrane and file tonoplast throughphotosynthesis. We investigated the mechanism of the light-induced

H. pump activation in characean cells using perf_ion technique (1) and reportedthat changes in adenine nucleotide

levels in the eytosol may control the activity of the H. pump in theplasma membrane (1).

It is known that the cytoplasmic Pi level decreases in the light (2). Biochemical s_tudieshave already

shown thai Pi inhibitsATPase activities noncompetitively (3). In the present study, we found that in Chara cells,

both the electrogenic activity of the plasma membrane H. pump and the ATP- and PPi- dependent H+ transport

across the tonoplast were noncompetitively inhibited by PL On the otherhand, in an unique variant strain of Chara

which contained a very low level of Pi in the vacuole, the cytoplasmic Pi level decreased upon illumination in

concert with the light-.induced hyperpolarization of the plasmamembrane and the acidification of the vacuole (Fig.

3). These results suggest that the cytoplasmic Pi level is one of the regulators of photosynthesis-mediated

activation of H. pumps in the plasma membrane and the tonoplast (4).
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. Tazawa, M., Shimmen, T. and Mimura, T. (1987)Ann. Rev. Plant Physiol. 38, 95-117.•Sicher, R.C. and Kremer, D.F. (1988) Plant Sci. 57, 9-17•
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ORIENTATION OF THE BINDING SITE FOR THE AUXIN TRANSPORT INHIBITOR

NAPHTHYLPHTHALAMIC ACID IN ZUCCHINI PLASMA MEMBRANE VESICLES

Jill A. Jacobson*

Sandoz Crop Protection Corporation, 975 California Avenue, Palo Alto, CA 94304

The phytohormone auxin (indole-3-acetic acid) plays an essential role in the growth and development of

plants. Auxin is synthesized at the growing tip of a plant shoot and transported in a polar fashion to the base of

the shoot, where it exerts effects on growth (1). Several synthetic inhibitors of auxin transport, or phytotropins,

have been described (2). One such inhibitor is N-l-naphthyiphthalamic acid (NPA). NPA inhibits polar auxin

transport both in plant seedling sections (3) and in isolated plasma membrane vesicles (4). Binding of NPA is

thought to inhibit efflux of auxin through a basally-located efflux carrier. In order to gain a clearer understanding

of the mechanics of auxin transport regulation, we have determined the orientation of the NPA binding site

within the plant plasma membrane.

Previous studies of NPA binding have been performed using crude microsomal preparations. In recent

years, an aqueous two-phase partitioning procedure has been developed which allows one to obtain relatively pure

preparations of plasma membranes (5). The plasma membranes which are purified by this procedure are primarily

in the right-side-out orientation. However, a freeze/thawing procedure may be used to prepare inside-out vesicles

for comparison with the right-side-out ones.(6).

Plasma membrane vesicles of both orientations were prepared from zucchini. Binding activity of

[3H]NPA was found to be higher in inside-out vesicles, although the affinity of the NPA binding protein for NPA

was unaltered. A similar result was obtained upon osmotic shock of right-side-out vesicles. Osmotic shock

revealed latent NPA binding activity. In addition, NPA binding protein was much more sensitive to trypsin in

inside-out vesicles than in right-side-out ones. These results all suggest an inward-facing orientation for the NPA

binding protein in plant cells. The difference in NPA binding between right-side-out and inside-out vesicles was

not as great as the difference observed for a similarly-oriented marker activity, ATP-dependent proton pumping.

This was found to be due to a rapid diffusion of NPA across the plasma membrane.

1. Rubery, P.H. (1987) in P.J. Davies, ed. Plant Hormones and their Role in Plant Growth a_ut

Development, Martinue Highoff, Hingham, MA, pp. 341-362.
2. Katekar, G.K. and Geissler, A.E. (1977)Plant Physiol. 60, 826-829.
3. Jacobs, M. and Rubery, P.H. (1988)Science 241,346-349.

4. Hertel, R., Lomax, T.L., and Briggs, W.R. (1983) Planta 157, 193-201.
5. Widell, S. and Larsson, C. (1981) Physiol. Plant. 51,368-374.

6. Palmgren, M.K., Askerlund, P., Fredrikson, K., Widell, S., Sommarin, M., and Larsson, C. (1990)
Plant Physiol. 92, 871-880.

* Current Address: ISK Mountain View Research Center, 1195 W. Fremont Avenue, Sunnyvale, CA 94087
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BIOCHEMICAL CHARACTERIZATION OF NAPHTHYLPHTHALAMIC ACID BINDING IN
THE ZUCCHINI PLASMA MEMBRANE

Muday, GK*, Lomax, TL¥, and Haworth, pt
*Department of Biology, Wake Forest University, Winston-Salem, NC 27109; ¥ Department of Botany and Plant
Pathology, Oregon State University, Corvallis, OR, 97331, tSandoz Agro, Inc., Pale Alto, CA, 94304

Indole-3-acetic acid (IAA) is transported from the apex of stems toward the base in a polar fashion. This

polar transport can be inhibited by phytotropins such as naphthylphthalarnic acid (NPA). Phytotropins are believed

to interact with the IAA efflux carrier, where they in some way block the exit of the IAA anion from plant cells.

Radiolabeled NPA binding assays can be used to identify proteins in the plasma membrane which specifically bind

this molecule. We have developed a new assay which allows quantitative analysis of [3I-I]NPAbinding and the

inhibition of this binding by other phytotropins, with high reproducibility and low background. This assay utilizes

the Millipore Multiscreen@ filtration apparatus to separate the unbound [3H]NPA from protein-[3H]NPA

complexes by vacuum filtration through cellulose membranes. This assay procedure was used to analyze [3I-I]NPA

binding in saturation curves, Lineweaver-Burke plots, Hill plots, and Scatchard plots. The Scatchard plots were

generated both through direct plots and through computer curve fitting with the program Ligand (1). These binding

analyses indicate that there is a single binding site for NPA in zucchini plasma membranes which binds [3HINPA

with high affinity (Kd~10 riM).

Using this plasma membraneassay system, it is also possible to study the interactionsbetween IAA and

NPA binding. The mechanismby which NPA blocks auxin transportis cur_ntly unknown. It is possible that

NPA acts by altering the affinity of IAA for [he efflux carrier,either throughinhibitionof bindingor inhibitionof

release of IAA. This f'a'stpossibility was examined by analysis of the interactions between IAA and NPA binding in

plasma membranes. The effect of IAA on [3H]NPAbinding was tested and IAA was found to be a noncompetitive

inhibitor of NPA binding. This result suggests that these two compounds have distinct, but interacting binding

sites. The effect of IAA on NPA binding was also assessed using the photoaffinity label 5-azido-[7-3H]lAA ([31-1]-

N3IAA) (2). This label has previously been used to identify several auxin binding polypeptides (3,4) and Ms been

shown to be relatively specific under certain conditions. Plasma membrane proteins were labeled with [3H]N3 IAA

using the procedure of Hicks et al. (3). The covalent attachment of [3H].N3IAA decreases subsequent [3H]NPA

binding, just as the noncovalent binding of IAA _ [3H]NPA binding. The effect of NPA on [3H]-N3IAA

binding was also assessed using this system. These initial experiments suggest that there are interactions between

IAA and NPA binding in zucchini plasma membranes. In a recent report by Zettl ¢tal., a parallel approach has

been used to demonstrate that the binding of [3H]-N3NPA to a corn plasma membrane protein is also blocked by

IAA (5). They also found that NPA blocked [3H]-N3IAA labeling to the same protein (6), Their results offer

further support that this approach will facilitate understanding of the nature of the action of auxin transport

inhibitors.

1. Munson, PJ and D Rodbard (1980) Anal. Bioch. 107:220-239.
2. Jones, AM, LL Melhado, T.IID He, CJ Pearce, and NJ Leonard (1984) Plant Physiol. 75:1111-1116.
3. Hicks, GR, DL Rayle, AM Jones, and TL Lomax (1989) Prec. Natl. Acad. Sci. USA 86:4948-4952.
4. Jones, AM and MA Venis (1989) Prec. Natl. Acad. Sci. USA 86:6153-6156.
5. Zettl, R, J Feldwisch, W Boland, J Schell, and K Palme (1992) Prec. Natl. Acad. Sci. USA 89:480-484.
6. Feldwisch, J, R Zettl, F Hesse, J Schell, and K Palme (1992) Prec. Natl. Acad. Sci. USA 89: 475-479.



SOME PROPERTIES OF BLUE LIGHT-DEPENDENT RESPONSE OF STOMATA

K. Shimazaki

Biological Laboratory, College of General Education, Kyushu University

Ropponmatsu, Fukuoka 810, Japan

Signal transduction process involved in the blue light-dependent response

of stomata was investigated in the Vicia guard-cell protoplasts and

Commelina epidermis. Blue light-dependent proton pumping was inhibited by

ML-9, an inhibitor of Ca2+/CaM-dependent myosin light chain kinase (MLCK),

and by W-7, trifluoperazine and HT-74, the CaM antagonists, suggesting the

involvement of MLCK in the blue light response of stomata. In accord with

the effect of drugs on the proton pumping, light-dependent stomatal opening

in Commelina epidermis was suppressed by W-7 and ML-9 (I).

Blue light-dependent proton pumping was inhibited completely by DCCD, an

inhibitor of H+-ATPase at lO_M, and by phenylmercuric acetate at 5pM, which

reduces the ATP level to 10% (2). The results suggest the pump activity was

mediated by plasma membrane H+-ATPase° The pump activity was inhibited by

verapamil(ImM), but it was restored by the further addition of fusicoccin

(FC) which activates the proton pump. However, the pump activity could not

be restored by FC in the presence of DCCD. The results indicate that the

process by which the perception of blue light is transduced into the

activation of proton pump is suppressed by verapamil. Verapamil seems to

inhibit the signal transduction process but not the proton pump itself.

Effect of verapamil on the light-dependent stomatal opening in the Commelina

epidermis will be reported.

I. Shimazaki, K., Kinoshita, T. and Nishimura, M. (1992) Plant Physiol.

(in press).

2. Shimazaki, K., Gotow, K., Sakaki, T. and Kondo, N. (1983) Plant Cell

Physiol. 24, I049-I056.
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THE PLASMA MEMBRANE H+-ATPASE • PURIFICATION BY FPLC,

RECONSTITUTION, AND REGULATION

Johansson, F., Sommarin, M. and Larsson, C.

Department of Plant Biochemistry, University of Lund, P. O. Box 7007, S- 220 07 Lund, Sweden

The plant plasma membrane H.-ATPase plays a central role in plant physiology. The

enzyme pumps protons from the cytoplasm to the cell exterior using ATP as the energy source.

The eletrochernical gradient produced across the plasma membrane is believed to be the driving

force for nutrient uptake. Acidification of the cell wall seems to be a prerequiste for cell wall

extension, and alkalinization of the cytoplasm may be the factor triggering cell division. In

v/vo, H* pumping across the plasma membrane is regulated by plant hormones and light.

In vitro, the H *-ATPase is stimulated by certain lipids such as lysophospholipids (1).

It is also activated by proteolytic removal of the C-terminal region. It has been suggested that

activation by proteases and lysophospholipids occurs by a similar mechanism, namely the

removal (irreversibly or reversibly) of an autoinhibitory domain in the C-terminal region, and

that this autoinhibitory domain may be the ultimate target for in vivo regulation (2).

We have solubilized the H.-ATPase from isolated plasma membranes and purified

the enzyme to near homogeneity by FPLC. Regulation by proteolytic removal of the C-terminal

region, and by iysophosphatidylcholine has been studied.

1. Palmgren, M. G., Sommarin, M. (1989) Plant Physiol. 90, 1009-1014

2. Palmgren, M. G., Sommarin, M., Serrano, R. and Larsson, C. (1991) J. Biol. Chem. 266,

20470-20475
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ACTIVATION AND INTRACELLULAR SIGNALLING IN THE FUCUS EGG.

RobertsS.K. and Brownlee C.

The MarineBiological Association (U.K.), Citadel Hill, Plymouth, Devon. England.

The mechanism of egg activation has been extensively studied in various animal systems. Upon fertilization a

wave of free calcium is observed propagating (via calcium induced calcium release (CICR)) through the whole

of the egg (1). This increase in cytoplasmic calcium is shown to be a release from internal stores of the egg (2, 3)

and is thought to be responsible for it's activation.

We have investigated the role of free calcium in the activation of the eggs of the brown marine alga, Fucus

serrattts. Eggs were microinjected with the calcium sensitive dye fura-2 dextran (10,000row) and average egg

cytoplasmic calcium monitored using a dual wavelength excitation photometric system. Membrane potentials

were simultaneously monitored. Resting egg free calcium is measured between 100-300riM. Transient elevations

of cytoplasmic calcium upto l-3pM were observed with the onset of the fertilization potentialS. 45Ca2+ uptake

increased transiently in the first minutes following fertilization suggesting a role for Ca2+ uptake across the

plasma membrane. Localized Ca2+ microinjection activated eggs only locally, suggesting CICR may not be

involved.

1. Gilkey J. C. eta/.(1978) J. Cell Biol. 76, 448-466.

2. Whitaker M. and lrvine R. F. (1984) Nature 312, 636-638.

3. Turner S. etai.(1984) Nature310, 414-416.
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ASSOCIATION O' ,.CTIN WITH PLASMA MEMBRANE VESICLES ISOLATED

FROM CAULIFLO _,vER

So_esson, A. and Widell, S.

Department of Plant Physiology, University of Lund, P.O.Box 7007, S-220 07 Lund, Sweden

The dynamic, plasma membrane-associated cytoskeleton is important for cell morphogenesis

and organization in plants as well as in other organisms. In isolated animal plasma membranes,

cytoskeletal components, e.g. actin, have been detected. We wanted to see whether similar components

were present in isolated plant plasma membranes, as a first step towards an understanding of the

dynamics of the microfilament system.

Highly purified plasma membranes from cauliflower inflorescences were obtained by aqueous

polymer two-phase partitioning. A monoclonal antibody against chicken gizzard actin (Amersham N

350), recognized a polypeptide having the MW of actin (42-43 kDa) in Western blots of such

preparations. The actin was recovered in a detergent-insoluble fraction of the plasma membrane (1%

Triton X-100, 100,000g pellet) ruling out the possibility of vesicle-enclosed monomeric actin. It was

furthermore enriched in the plasma membrane fraction to the same extent as glucan synthase II, a

specific marker for this membrane, and depleted in fractions depleted in plasma membrane. The effect

of different preparation conditions on the recovery of plasma membrane-associated actin will be

described.
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IS CYTOPLASMIC PH AN INDUCING FACTOR (3F ROTATIONAL CYTOPLASMIC

STREAMING IN EGERIA DENSA ?

Tominaga,Y 1),Okazaki,y2), andTazawa,M 3)

} St. Agnes' JuniorCollege, Takatsuki 569, Japan
Dept. of Biology, Osaka Medical College, Takatsuki 569, Japan
Dept. of Applib,d Physics and Chemistry,Fukui Instituteof Technology, Fukui 910_Japan

When leaves of E_g.eriadensa are incubated in the dark for more than one night, chloroplasts are localized on the

periclinal face of cells on the adaxial side. On illumination cytoplasmic streaming is activated, chloroplastsare dis-

placed to the anticlinal face, and a vigorous rotational su'eaming of cytoplasm containing chloroplasts is induced

along the anticlinal face. Treatmentof L--histidine(L-His) of 0.1-1.0 mM can also induce this movement of chlo-

roplasts. Both light and D-HIS caused a slight alkalization of the cytoplasm, which was measured by in vivo 31p_

NMRmethod (1).

Wethen hypothesized that the alkalizationof cytoplasm may be involved in the activation of rotational cytoplas-

mic streaming. As for the light-induced cytoplasmic alkalization, it is supposed thatlight activates the electrogenic

H+-pump in the plasma membrane to alkalize the cytoplasm. As for the alkalization with L-HIS, we assumed the

following mechanism. L-His enters cells via symportwith H. and the resultantacidification of cytoplasm activates

the H. pump so much that the cytoplasmic pH (pHc)is increased. To see whether the membranepotential is depo-

larizedby the symporlwith H ., we measuredEmon application of L-His. E was not affected by L-His which hadm

been freshlyprepared. But it was depolarized with L-His which had been placed for several days at room tempera-

ture. It was shown that Nil+. having a strong depolarizingeffect was found in the old solution of L-His.

Next we measured pH simultaneously with Emusing double-barelled pH microelectrodecontaining a liquid ion

exchanger. On illumination pHc increasedat firstand then decreased,while Em greatly hyperpolarized. On applica-

tion of L-His both pH and E showed no significant change. To alkalize the cytoplasm, we applied NH,CI (1 mM)

atpH 9 and methylamine(0.2-200 mM) at pH 7.5. The rotationalstreaming of chloroplasts was induced in a small

percent of cells. To acidify the cytoplasm, isobutyricacid (5 raM) was applied at pH 5. It reversibly inhibited the

L-His-induced rotationalstreamingof chloroplasts.

Thus the present results are not necessarily confirmative to support the PHc-hypothesis on the inductionof rota-

tional cytoplasmic streaming.

1.Tominaga, Y., Kuchitsu, K, Katsuhara, M.,Tazawa, M. and Miyachi, S. (1991) Plant Cell Physiol. 32, 261-268
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HORMONAL REGULATION OF Ca2+ TRANSPORTERS LEADS TO RAPID

CHANGES IN STEADY-STATE LEVELS OF CYTOSOLIC Ca 2+ IN THE CEREAL

ALEURONE

Bush,DouglasS.

DepartmentofBiologicalSciences,RutgersUniversity,101WarrenSt,Newark NJ 07012,USA

The cerealaleuronerespondstogibberellicacid(GA)byexpressinggeneswhose productspromote

germinationofthegrain.Althoughtheearlyeventsinhormone actioninthistissuearenotknown,we

haverecentlyshown thatsteady-statechangesincytosolicCa2.,([Ca2+]i),occurwithinminutesof

treatmentwithGA (1).We havehypothesizedthatthesechangesin[Ca2+]iareinducedby hormonal

regulationofCa2+ -transportersattheplasmamembrane.We havetestedthishypothesisby

measuringtheeffectofinhibitorsof Ca2+ transporton [Ca2+]iinGA-stimulatedcells.Measurementsof

[Ca2.]iinindividualaleuronecellswereperformedusingtheCa2+-sensitivefluorescentprobe,fluo-3

(I).Fluo-3was loadedintocellsby incubatingisolatedaleuronelayersin5 _tMfluo-3for20rain.

Fluorescencefromfluo-3measuredinindividualcellsusinga highly-sensitivephotometrysystem.

Blockingextracellularinfluxeitherby re,moral ofextracellularCa2+ orby theadditionof

nifedipine,a Ca2+ -channelblocker,preventedthesteady-staterisein[Ca2+]ithatisinducedby GA.

Nifedipinehad no effecton [Ca2+]iintheabsenceofGA whileremovalofextracellularCa inthe

absenceofGA leadstoa slightdeclinein[Ca2+]i.Theseresultsindicatethattherisein[Ca2+]ithatis

inducedby GA requiresinfluxofCa2+ acrossthePM and areconsistentwiththehypothesisthatGA

activatesa nipedipine-sensitiveCa2+ channelattheplasmamembrane.Inordertodeterminewhether

theeffluxCa2+ -ATPaseisalsoregulatedby GA, we measuredtheabilityofcellstorestore[Ca2+]i

aftera pulseofintracelluarCa2..GA causeda reductioninrateofrecoverycomparedtocellstreated

withoutGA orwithabscisicacid(ABA).Measurementofchangesin[Ca2+]iinducedby theCa2+-

ATPase inhibitors,vanadateand erythrosinB,indicatethatPM Ca2+ -ATPaseisthedominantpump

foreffluxofCa2. fromthecytosol.Insummary,ourdataindicatethatGA inducesa steady-staterisein

[Ca2.]ithroughthecoordinateregulationofa Ca2+ influxchanneland a Ca2+ effluxATPaseatthe

plasmamembrane.

I.Bush,D.S.(submitted)PlantCell

2.Minta,A.,Kao,J.,Tsien,R. (1989)J.Biol.Chem. 264:8171-8178
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BARLEY ALEURONE PROTOPLASTS: A MODEL SYSTEM FOR SECRETION AND

INTRACELLULAR PROTEIN TRANSPORT

Hillmer, S. and Jones, R.L.

Department of Plant Biology, University of California, Berkeley, CA 94720

The aleurone layer of barley has been widely used as a model system to study the intracellular

transport and secretion of hydrolytic enzymes [1]. This tissue is ideally suited for such

investigations since it consists of only one cell type that neither grows nor divides, but whose

capacity to synthesize enzymes such as a-amylase can be regulated by the plant hormones

gibberellic acid (GA) and abscisic acid (ABA) [2]. The presence of a thick cell wall surrounding

the aleurone protoplast poses a serious limitation to studies of exo- and endocytosis, however.

The cell wall occupies as much as 30-40% of the volume of the aleurone layer and it acts as a

buffer, retaining secreted proteins in the wall and impeding access of externally added probes.

Protoplasts isolated from the aleurone layer circumvent many of these problems. Although

populations of barley aleurone protoplasts respond to GA and ABA, [2,3], little is known about

the response of individual cells to these hormones. Do all protoplasts in a population respond to

GA and ABA and do they do so synchronously? We have developed a method for monitoring

the secretion of a-amylase from single aleurone protoplasts. Protoplasts are immobilized in a

matrix of low-melting-point agarose containing solubilized starch, and a-amylase secretion is

monitored by digestion of the starch from the area immediately adjacent to the protoplast. The

starch-free area around individual cells is visualized using light microscopy as a clear halo

following staining with iodine. Using this method we have shown that only about 50% of

protoplasts isolated from an aleurone layer respond to GA. This provides the necessary

information for interpretation of inhibitor studies, and experiments using extensive physical

and/or chemical manipulation after incubation in Ca 2+ and GA and prior to embedding in the gel

matrix. For example we have shown that Ca 2+and monensin rapidly alter the rate of o_-amylase

secretion from single cells. Because protoplasts can also be peffused in the gel with solutions of

differing composition, this thin-layer method is suitable for studies of the effects of various

modulators of exocytosis after embedding in the matrix. The utility of this technique for single-
cell studies will be described.

1. Jones, R.L., Robinson, D.G.(1989) New Phytologist 111,567-597.

2. Jacobsen, J.V. Zwar, J.A., Chandler, P.M. (1985) Planta 163,430-438.

3. Hillmer, S, Bush, D.S., Robinson, D.G., Zingen-Sell, I., Jones, R.L. (1990) European Journal

of Cell Biology, 52, 167-173.
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DEFAULT SECRETION IN BARLEY ALEURONE PROTOPLASTS

Karin M.C. Sinjorgo, Martien P.M. Caspers, Maarten J. Schans and Betty E. Valk.

Center for Phytotechnology RUL/TNO, Dept. Mol. Plant Biotechnology, Wassenaarseweg 64,

2333 AL Leiden, The Netherlands.

Over the years, cereal aleurone has proved to be a useful model system for the study of

enzyme secretion in plants. In response to gibberellic acid (GA) the aleurone layer of cereal

grains synthesizes and secretes a large number of hydrolases which play an important role in

the mobilization of food reserves stored in the endosperm. This hormone-controlled activation of

the aleurone layer is accompanied by dramatic changes in the ultrastructure of the cells.

We investigated whether aleurone protoplasts can be used as a model system to study

default secretion by barley aleurone. For this purpose, we studied transient synthesis of

heterologous proteins in GA-induced aleurone protoplasts.

Aleurone protoplasts were transfected with a construct encoding the prokaryotic cytoplasmic

protein phosphinotricin acetyltransferase (PAT), preceded by a signal peptide. The enzyme was

found to be secreted by the aleurone protoplasts. The same approach has successfully been

used by Denecke et al (1) to demonstrate default protein-secretion in tobacco leaf protoplasts.

Leakage of the aleurone protoplasts was excluded by cotransfection of the ceils with a con-

struct encoding the prokaryotic cytoplasmic protein chloramphenicol acetyltransferase (CAT).

All CAT activity remained inside the protoplasts.

Furthermore, we established that the PAT secreted by the aleurone protoplasts passed through

the endomembrane system of the cells, by studying the routing of the gene product of a

construct encoding the signal peptide-PAT, followed by a C-terminal KDEL sequence. It has

been demonstrated that in tobacco protoplasts, like in mammalian cells, a KDEL sequence

functions as a signal for retention of soluble proteins in the ER (2). In the presence of the KDEL

sequence we found that most PAT activity was retained by the cells.

Now that a system is operational for monitoring the default secretory pathway in barley

aleurone cells, it will be interesting to compare the default PAT-secretion to secretion of barley

hydrolases. Some data on the effect of GA and its antagonist abscisic acid on PAT and hydrola-

se secretion will be discussed.

1. Denecke, J., Botterman, J. and Deblaere, R. (1990) The Plant Cell 2, 51-59

2. Denecke, J., De Rijke, R., and Botterman, J. (submitted)
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THE CONTRIBUTION OF THE PLASMA M_MBRANE TO GRAVISENSING IN CHARA

INTERNODAL CELLS.

Randy Wayne, Mark Staves and A. Carl Leopold

Section of Plant Biology, Cornell University, Ithaca, NY 14853

When an internodal cell of Chara is oriented vertically,

the cytoplasm streams down 10% faster than it streams up (i).

However, when the cells are treated with various impermeant

proteases that act at the plasma membrane-extracellular matrix

junction, gravisensing is inhibited even though streaming con-

tinues. The gravireceptor is sensitive to Proteinase K,

thermolysin and collagenase, but not to trypsin, _-chymotrypsin

or carboxypeptidase B. Moreover, the tetrapeptide RGDS inhibits

gravisensing in a concentration-dependent manner, indicating

that the gravireceptor may be an integrin-like protein. Through

localized treatments, we have determined that the gravireceptor

protein is localized at the ends of the cell (2).

Further evidence that the gravireceptor is localized at the

plasma membrane-extracellular matrix junctions at the ends of

the cell comes from the observation that a unidirectionally-

applied hydrostatic pressure (490 Pa) mimics the effect of

gravity in inducing a polarity of cytoplasmic streaming. The

pressure-induced polarity has identical requirements and

sensitivities to inhibitors as the gravity-induced polarity (3).

Lastly, the magnitude and the sign of the graviresponse is

modulated by the external [Ca2+]. The Ca 2+ required for

gravisensing appears to enter the cell through two classes of

channels. Each one is pharmacologically distinct from the Ca 2+

channel involved in E-C coupling. We have not yet determined the

relationship between the gravireceptor protein and the channels.

I. Wayne et al. (1990) Protoplasma 155, 43-57
2. Wayne et al. (1992) J. Cell Sci. In Press
3. Staves et al. (1992) Protoplasma In Press
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THE EFFECT OF LIGHT-INDUCED CHANGES IN CYTOSOLIC pH AND pCa ON
PLASMALEMMA TRANSPORT

Hansen, U.P., Moldaenke, C. and Plieth, C.

Institut fiir Angewandte Physik, Universit_it Kiel, Leibnizstr. 11, DW-2300 Kiel 1, Germany

Stimulation of photosynthetic activity by light induces transient increases in pH and pCa in the

cytosol which influence the transport activity of the proton pump and of the potassium channel in the

plasmalerrgna. Alkalinization could originate from two mechanisms: uptake of protons across the envelope

as a consequence of the depletion of protons in the stroma due to the generation of the transthylakoid

pH-gradient or by uptake of CO2 as caused by increased activity of the Calvin cycle. As increased CO_-

fixation is promoted by an increased supply of ATP and thus also by the transthylakoid pH-gradient, the

two candidates for the cytosolic increase in pH could not be distinguished by means of previous kinetic

investigations (1) as the time-constant r4 of the changes in transthylakoid pH-gradient would dominate the

kinetics of the light-induced changes in the activity of the proton pump in either case.

Leaves of Aegopodium podagraria were used in order to compare the effects of the modulation of

light intensity, CO2- and O2-concentrations on chlorophyll-fluorescence (2) and on plasmalemma potential.

All three input signals resulted in kinetically equivalent responses of the activity of the plasmalemma proton-

pump, i.e. in all three cases the time- constant of the induced depolarisation was identical to r4 (10 to 40s)

of the induced changes in chlorophyll-fluorescence which is an indicator of changes in the transthylakoid

pH-gradient. A direct action of COs on cytosolic pH would have induced much faster responses.

In addition, a direct CO2-effect on plasmalemma potential via a direct action of COs on cytosolic pH

could be excluded by studying the dependence on light intensity of the time-constant of COs- and O2-action

on plasmalemma potential. It was found to be strongly dependent on light intensity as r4 related to the

transthylakoid pH-gradient is. This would not be expected for a direct action of CO2 on cytosolic pH.

The light-induced decrease in transport activity of the K+-channel is supposed to be caused by an

uptake of calcium-ions into the chloroplasts (1). This is caused by an unknown mechanism, who becomes

obvious in the kinetics of chlorophyll-fluorescence as an individual component related to the time-constant

rsa. The uptake of calcium results in a light-induced increase in the velocity of cytoplasmic streaming as

measured by laser velocimetry (3).

1. Vanselow, K., Hansen, U.P., 1989, J. Membrane Biol. 110, 175-187

2. Hansen, U.P., Dau., H., Briining, B., Fritsch, T. and Moldaenke, C., 1991,

Photosynth. Res. 28, 119-130

3. Plieth, C., Hansen, U.P., 1992, Planta, submitted
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SPATIAL DISTRIBLVFION OF ROOT CALMODULIN-BINDING PROTEINS

Ling,V. andAssmann,S.M.

Dept. of OrganismicandEvolutionaryBiology,HarvardUniverfity,Cambridge,MA 02138.

In orderto furtherunderstandCa2+-mediatedprocessesinroots,extractsof Vicia_ rootswere analyzedfor

the presenceof calmodulin(CaM)-bindingproteins. Using1251-CAMoverlayassaysof blots containing_

eztractsfractionatedbySDS-PAGE,many Ca2+-dependentCaM-bindingproteinswere detected, ofwhich

two werepredominantlylocalizedin the root. In 1.5week old seedlings,CaM-bindingproteinswithMr -- 115

kDa and 62kDa weredetectedover the lengthof the primaryroot (16cm.). The 115kDaband appearedin

extractsmadefromtheroot tip upto the transitionzone. The 62kDa band appearedin extractsmadefrom

regionsstarting fromI centimeterabovethe root tip upto andslightlypast the transitionzone. Rootswere

dissectedandextractsmadefromtissuescomprisingthe primaryroot. Both the 115kDa and 62 kDa proteins

were detected in extractsof both stele and cortex,howeverthe 62 kDa bandwas foundto a lesserextent in

axillaryroots. Followingultracentrifugationof extracts,themajorityof root CaM-bindingproteinswerefound

in the microsomalpellet, includingthe 115 kDa protein. The 62kDa protein,however,was found

predominantlyin the supernatantandrepresentedthe majorCaM-bindingproteinin thatfraction. Further

purificationandcharacterizationofboth the 115kDa and 62kDa proteinswillbe performedwith thegoal of

identifyingtheirroles in Ca2+-mediatedsignaltransductionin root.

Thisworkwassponsoredby NASAgrant NAGW-70
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CALCIUM AND CALMODULIN COORDINATE THE ACTIVATION OF THE

SECRETORY APPARATUS IN BARLEY ALEURONE CELLS IN RESPONSE TO

GIBBERELLIC ACID AND ABSCISIC ACID.

Gilroy S. and Jones R. L.

Department of Plant Biology, University of California, Berkeley, California 94720, USA

Secretion of a-amylase from barley aleurone cells is stimulated by gibberellic

acid (GA3) and Ca2+, and this increase in secretion is reversed by abscisic acid (ABA).

Gibberellin increases the level of cytosolic Ca2+ from approximately 100 nM to 300

nM after 6 to 8 h, and this new level is stably maintained. The increase in cytosolic

Ca?+ is localized to the peripheral cytoplasm of the cell and may result from accelerated

Ca2+ influx across the plasma membrane. Abscisic acid reverses the effect of GA3 on

cytosolic Ca2+ levels within 2 to 3 h, preceding the first measureable effects on the

synthesis and secretion of e-amylase. These changes in cytosolic Ca2+ level may play a

role in coordinating the activity of the secretory apparatus in response to GA3 and ABA.

Gibberellic acid and abscisic acid also regulate the activity of Ca?+ transport

into the endoplasmic reticulum (ER). e-Amylase is synthesized in the lumen of the ER.

It is a Ca2+ containing metalloenzyme that requires at least one bound Ca?+ per enzyme

molecule to maintain its activity. Thus, micromolar levels of Ca2+ must be maintained

in the lumen of the ER to support the GA3-induced formation of new e-amylase

molecules. Gibberellic acid stimulates the activity of the Ca2+-ATPase responsible for

Ca2+ uptake by ERin the aleurone cell and increases the level of Ca2+ in the lumen of

the ER. Abscisic acid reverses these effects. The activity of this ER Ca2+-pump is

stimulated approximately two fold by calmodulin (CAM) in membranes from non-GA3-

treated cells. Gibberellin increases both the level of CaM in the cell and the amount of

CaM associated with ER membranes. The increase in CaM levels occurs within 4 to 6 h of

GA3 treatment, concurrent with the activation of the Ca2+ pump but preceding the

activation of amylase secretion. Thus, changes in CaM level and distribution may provide

a mechanism for the activation of the ER Ca2+ pump by GA3. We are currently

investigating the hypothesis that Ca2+ and CaM are part of the mechanism that

coordinates and integrates the activities of the secretory apparatus of the aleurone cell

in response to GA3 and ABA.
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EFFECT OF CALCIUM AVAILABILITY ON CALMODULIN LEVEL AND ON

METABOLIC REACFWATION IN EARLY GERMINATION PHASES OF

RADISH SEEDS.

Cocucci, M. and Negrini, N.

Diparlimento di Fisiologia delle Piante coltivate e Chimica agraria, Facolt/_ di agraria, Universita di

Milano, via C,eloria 2, 20133 Milano, Italy.

Calcium and Calmodulin (CAM) control many physiological processes in plants. The

level of Ca2+-C.aM complex can be modulated by the level of intracellular Ca2+ and also by the level

of CaM. CaM level appears to play an important role in the metabolic reactivation which characterizes

seed germination (1, 2, 3). In radish seeds Ca2+-CaM active complex is also modulated by the

presence of a proteinaceous inhibitor (1). Seed germination is also characterized by the reactivation of

membrane functions suggesting a precocious recovery of the control of ionic homeostasis. The fact that

C,a2+ in early germination was released into the medium (1) suggests a high level of cytosolic Ca2+.

The reduction of Ca2+ availability during radish seed germination was obtained by

incubating the seeds in the presence of the Ca2+ chelator EGTA. The presence of EGTA inhibited

germination (measured as increase in ft. wt.) at concentrations higher than 1 raM. When Ca2+ was

administered together with EGTA, the inhibition was removed suggesting that the EGTA effect is due

to the reduction of Ca2+ availability. EGTA treatment decreased the level of free C.a2+ in the medium,

but the cation bound to EGTA increased; parallelly Ca2+ in the embryo axes decreased. At 1 mM

EGTA, the reduction of Ca2+ availability only slightly affected metabolic reactivation (measured as

RNA and DNA increases) and had no effect on membrane reactivation.

The level and specific activity of CaM in the soluble fraction of radish embryos strongly

increased in early germination phases (ca. +450%). 1 mM EGTA greatly reduced (ca.-50%) the

increases in level and specific activity of CaM. When the soluble fraction was analyzed on Sephadex

G75 column, CaM was eluted in several peaks at MW higher than 30 kD and in particular, at 36 kD,

CaM was co-eluted with the proteinaceus CaM inhibitor present in ungerminated seeds. CaM eluted in

this zone decreased in the seeds germinated in the presence of EGTA.

The decrease in level and specific activity of CaM was not accompanied by a decrease in

germination and metabolic reactivation when the seed germinate at low Ca2+ suggesting that the level

of the cation might control CaM increase and level, that the level of CaM could contribute to control

the level of cytosolic Ca2+ and that the Ca2+-CaM dependent activities could also be also controlled

by the presence of the CaM inhibitor.

1. Cocucci. M. and Negrini, N. (1988) Plant Physiol. 88, 910-914.

2. Cocucci, M. and Negrini, N. (1989) Plant Membrane transport. Dainty J. et at. eds. pp
355-360.

3. Cocucci, M. and Negrmi, N. (1991)Physiol. Plant. 82, 143-149.
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THE MEASUREMENT OF CALCIUM INFLUX INTO PLANT CELLS

Reid, RJ. and Smith, F.A.

Departmentof Botany, University of Adelaide, Adelaide, S.A., Australia

Despite the pexceived importance of C.a2° in almost all aspects of plant growth and development,

relatively little is known about the mechanism of its uptake by plant cells. Measurement of Ca2" influx using

radioisotopic tracers is complicated by the high capacity of cell walls to bind divalent cations. In complex

tissues such as roots there is considerable uncertainty in distinguishing between extracellular bound tracer

and actual influx across the p_lasmamembrane. The normal procedure in such experiments is to "des,orb"

exlracellular tracer fi'om the cell wall by rinsing with unlabelled Ca2. or other cations, usually at higher

concentrationsto accelerate the process. However, it is difficult to test both the efficiency of desorption and

the degree of loss of intracellulartracerduringthe desorption process.

The problems of cell wall binding of Ca_"are considerably reduced when measuring Ca:" fluxe,, into

champhytes, since it is possible with the large cylindrical internodal cells m not only physically separate the

cell contents from the cell wall at the end of the influx period,but also to separate tracer activities in the

cytoplasm and vacuole. We will report the results of our studies of 4SCainflux into Chara cells, describing

the kinetics of C,a_' uptake, the relationship of Ca2+uptake to growth and the effects on Ca2. uptake of pH,

K+, salinity, turgot, PD and action potentials.

The characteristicsof 'sCa exchange in the cell walls of intact cells and in isolated cell walls of

Chm'a will be discussed in relation to the validity of desorption methods used in the measurementof divalent

cation fluxes in other tissues.

References

Reid, R.J. and Smith, F.A. (1992) Measurements of calcium fluxes in plants using (SCa.Planta : in press.

Reid, RJ. and Smith, F.A. (1992) Regulation of calcium influx in Chara: effects of K', pH, metabolic

inhibition and calcium channel blockers. PlantPhysiology: in press.



MEASUREMENT OF FREE CALCIUM AT HIGH IONIC STRENGTH: ACTIVITIES

AND HOMEOSTASIS OF CYTOPLASMIC FREE CALCIUM IN ACETABULARIA

Anna Amtmarm, Hans-Georg Klie,ber*, and Dietrich Gradmann

Pflanzcnphysiologisches Institut _r Umversitdt, W.3400 GOttingen, and *Physiologisches lnstitut der TUM,

Biedcrstcincrstr, 29, W-8000 Miinchen 40, Germany

Neutral carrier based CaZ'-selectivc microelectrndes have been exam reedaccording to Ammann [1] for application

in conctntrated multi-ion solutions. Calculations with data from references in [1] and our calibration series with

Ca_+-EGTA buffers (Fig. 1) provide the physicochemical conditions for determination of submicromolar con-

eentrations of free Caz. in the cytoplasm (with about 400 mM K+and 70 mM Na') of the marine alga Acetabularia

acaabu/um. Corresponding measurements in seawater-like media with high [Na'] and low [K°] were not possible

because of the selectivity of the _ (ETH 129) for Na+over K'. The experimental results for the cytoplasmic

amounts of free Caz+in Acetabularia (Fig. 2), _ a oommntration of 560 nM free Ca2+corresponding to 140 aM

activity. Amounts and timeoaurse of changes in cytoplasmic Ca2+upon removal and readdition of external (10 raM)

Ca2+show steady state changes by about 50 ram(following the direction of external Ca2+)which arc preor_ed by

transient overshoots. Fig. 3 shows an example. The similar amounts of the slopes at the rising and at the falling
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!iota)of free Ca at 0.5 or 0.11 plectr_c used; upper trace _ing of. fitted by the expression &Ca'*=
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postcatibratm...... IofMg'"a_ EGTAby!0 mMCa". , ir,z" 47.4 s.

edge of this peak, render a description by damped oscillations of a feedback control system (equation and parameters

in Fig. legend 3) more suitable than by two superimposed expencntials with physically _ble amplitudes.

Using the maximum rote of decrea3_ of cytoplasmic Ca2+upon removal of external Ca2., an unidirectional Ca2.

efflux of _0.3 ttmol.m'2.s"t is determined which is otmsidered to mark the steady state turnover of Ca_+at the

plasmalemma. This high rote and the high electrochemical gradient for Ca2+(Carol about -0.58 V) aero_ the

plasmalemma at a resting voltage of about -170 mV, point toa powerful Caz.export systcm which cannot sufficiently

be fueled by ATP-hydrolysis alone (AG/F for A'I"P in Acetabularia: about -0.45 V [2]) but requires additional

energy. -Details in [3]; supported by the DFG.

Reference:

1. Ammann, D., 1986. Ion-selective Microelectrodes, Springer.Verlag Berlin Hcidelberg
2. Goldfarb, V., Sanders, D., Gradmanrt, D., 1984. J. Exp. Bot. 35, 626-644
3. Amtmann, A., Kliet_r, H.-G., Gradmann, D., 1992. £ Exp. Bot. in press
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The mode of action of gibberellins in the delay of leaf senescence of
alstroemeria cut inflorescences.

Wilco Jordi and Geert Stoopen

Centre for Agrobiologieal Research (CABO-DLO)
P.O. Box 14

6700 AA Wageningen
The Netherlands

Cut inflorescences of alstroemeria (Alstroerneriapelegrinac.v. Westland) exhibit a
loss of chlorophyll of the vegetative leaves in the dark. A mixture of gibberellins
strongly delays chlorophyll loss of cut inflorescences of alstroemeria (1). In this
study we have investigated the effects of various chemically pure gibberellins (GA 1,

GA3, GA4, GA8, GA9, GA13 and GA 3 methylester, obtained from L.N. Mander,

C.ambera, Australia) on the retention of chlorophyll both in leaves of cut
infloresc2nces of alstroemeria and in detached leaf tips incubated in solution. GA 1,

GA3, GA 4, GA9 and GA13 caused a delay in chlorophyll loss both in leaves of cut

inflorescences of alstroemeria and in detached leaf tips incubated in solution
whereas GA8 and GA3 methylester had little or no influence on the rate of

chlorophyll loss.

To get a first insight in the signal transduction pathway of gibberellin we have

searched for gibberellin-binding proteins using a [3H] GA 1 of high specific activity

(obtained from P. Davies, Ithaca, USA). Firstly, we have focussed on potential
gibbereUin-binding proteins present in the plasmamembrane. Therefore, we have
isolated plasmamembranes from alstroemeria leaves using an aqueous two-phase
partitioning method (2). Purity of the plasmamembrane preparations was determined
by marker enzyme analysis, SDS-PAGE and TLC analysis of the extracted lipids.

Subsequently, the binding of [3HI GA 1 to the isolated plasmamembranes was
determined.

References

1 Van Doom, W.G., Hibma, J. and de Wit, J. (1992)

Plant Growth Regulation 11, 59-62

2 Kjellbom, P. and Larsson, C. (1984)

Physiol. Plant. 62. 501-509
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GTP-BINDINGPROTEINS IN LEAF AND ROOT MEMBRANES:CHARACTERISTICS

AND MODULATION BY ENVIRONMENTALCONDITIONS.

H. Borochov-Neori I) and A. Borochov 2)

l)Research & Development ARAVA, ARAVA Research Station, Hevel

Eilot, 88820 Israel. Z)Department of Horticulture, Faculty of

Agriculture, The Hebrew University of Jerusalem, Rehovot, 76100

Israel.

Antisera raised against a highly conserved amino acid

sequence (Ga_ca,_n peptide) of mammalian GTP-binding proteins

cross-reacted with microsomal membranes isolated from roots

(melon, Cucumis melo L. ) and leaves (clerodendrum, C. speciosurn).

The labeled sets of proteins were of Mr=f30, 47 and 37 kDa

(melon) and Mr=42 and 25 kDa (clerodendrum). Microsomal membranes

isolated from roots and leaves bound GTPTS with a high affinity,

following the sequence GTPTS~GTP>GDP>>ATP. The Kd of GTPTS

bi ndi ng to root and iea f membranes was - 10 and 15 nM,

respectively. The number of high affinity binding sites was

approximately 5 and 75 pmol/rag total membrane protein,

respectively. Purified plasmalemma was relatively rich in GTPvS

binding sites.

Root membranes isolated from melon seedlings grown in excess

NaCl exhibited a two fold increase in the number of GTP binding

sites as well as in the amount of protean labeled with anti-

Ga.ca.mn antibody; Kd slightly increased. Following chill

treatment, membranes isolated from clerodendrum leaves exhibited

a reduction in the number of GTP binding sites and the amount of

protein labeled with anti-Ga.c_ n antibody was less than in the
control.

The findings indicate that plant-membranes contain GTP-

binding proteins similar to mammalian GTP-binding proteins. The

expression of these proteins seems to be modulated by

environmental conditions, suggesting that GTP-binding proteins

play a role in the physiological response of plants to the
environment.
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POLYPHOSPHOINOSITIDE PHOSPHOIXPASE C IN PLANT PLASMA

MEMBRANES. PURIFICATION AND CHARACTERIZATION.

Sommarin, M., Pical, C., Melin, P.-M. and Jergil, B.

Department of Plant Biochemistry, University of Lund, P.O.Box 7007, S-220 07 Lund, Sweden

Phospholipase C is a key enzyme in the transduction of agonist-dependent signals

across the plasma membrane in animal cells, catalyzing the formation of the second messengers

inositol 1,4,5-trisphosphate and diacylglycerol from phosphatidylinositol 4,5-bisphosphate

(PIP2).PIP2 is formed by the two-step phosphorylation of phosphatidylinositol (PI) by PI kinase

and phosphatidylinositol 4-phosphate (PIP) kinase, enzymes that are present in plant plasma

membranes as well (1). As phospholipase C, preferentially active on PIP and PIP2 , also has

been identified in plasma membranes from plants (2), the enzymic basis for signal transduction

through hydrolysis of polyphosphoinositides is present.

We have localized the active site of the polyphosphoinositide-specific phospholipase

C to the cytoplasmic surface of the plant plasma membrane using highly purified inside-out

(cytoplasmic side out) and right-side out (apoplastic side out) wheat root plasma membrane

vesicles obtained by aqueous polymer two-phase partitioning. The enzyme was dependent on

micromolar concentrations of Ca2. for activity, and millimolar Mg2. further increased the

activity. The enzyme was solubilized from plasma membranes using octylglucoside and

purified 25-fold by hydroxylapatite and ion-exchange chromatography (3). The purified enzyme

catalyzed the hydrolysis of PIP and PIP2 with specific activities of 5 and 10 Bmol/rain per mg

protein, respectively. PI was not a substrate.

1. Sommarin, M. and Sandelius, A.S. (1988) Biochim. Biophys. Acta 958, 268-278.

2. Melin, P.-M., Sommarin, M., Sandelius, A.S. and Jergil, B. (1987) FEBS Lett. 223, 87-91.

3. Melin, P.-M., Pical, C., Jergil, B. and Sommarin, M. (1992) Biochim. Biophys. Acta

1123, 163-169.
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CHARACFERIZATION OF A PHOSPHATIDYLINOSITOL KINASE ACTIVATOR:

AN ALTERNATIVE ROLE FOR INOSITOL PHOSPHOLIPIDS IN SIGNAL

TRANSDUCTION

Wannian Yang1, Will Burkhan2 and Wendy F. Boss1

IBotany Dept., North Carolina State University, Raleigh, NC 27695

2Glaxo Research Laboratories, Glaxo Inc., Research Triangle Park, NC 27709

Phosphatidylinositol kinase (PI kinase) catalyzes the phosphorylation of phosphatidylinositol (PI) to

form phosphatidylinositol monophosphate (PIP). The productof PI kinase, PIP, has been shown to increase

the activity of the plasma membrane vanadate-sensitive ATPase (1,2) and to affect actin polymerization (3).

We have found that the plasma membrane PI kinase can be released from the membrane by phospholipase

A2 and that the rel_ Pl kinase can be activated by an endogenous heat.stable factor in the 40,000xg

supernatant of homogenate of carrot culture cells (4). There are at least three fractions separated on DEAE.

Sepharose CI.,-6B that activate the solubilized PI kinase. One of the fractions has been purified further and

was found to contain a 48 kDa protein. Activation of the Pl kinase by the 48 kDa protein is saturated at a

concentration of 3x10"7M. The sequences of two peptide fragments of the 48 kDa protein are homologous

to an actin-binding protein and the elongation factor.l (EF.1) alpha subunit. The purified activator binds

actin. Based on these data and the fact that PIP can affect actin polymerization by binding gelsolin, we

propose the following working model as one signal transduction pathway: In response to an external stimulus

which increases phospholipase A2 activity, PI kinase is rele.asedfrom the plasma membrane. The released PI

kinase binds to the activator and actin oligomers, and the activated PI kinase r_iates with the membrane

increasing the production of PiP. PiP binds to gelsolin which results in an increase in actin polymerization,

an alteration in cytoskeletal structure which would affect cell physiology and growth.

1. Memon, A. R., Chen, Q. and Boss, W. F. (1989) Biochem. Biophys. Res. Commu_ 162,1295-1301.

2. Chen, Q. and Boss, W. F. (1991) Plant Physiol. 96,.340.343.

3. Lassing, I. and Lindberg, U. (1985) Nature 314, 472-474.

4. Gross, W. Yang, W., and Boss, W. F. (1992) BiochinL Biophyx. Acta (in press).
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IMMIJNOCHEMICAL AND FUNCTIONAL ANALYSIS OF CALCIUM-

DEPENDENT PROTEIN KIN ASE

Alice C. Harmon, Byung-Chun Yoo, and Candace Cantlin

Department of Botany, University of Florida, Gainesville, FL 32611-2009

Soybean calcium-dependent protein kinase (CDPK) contains three _nctional domains: a

catalytic domain that is most closely related to those of the calmodulin..dependent protein kinases; a

regulatory domain that is 40% identical to spinach calmodulin; and a putative autoinhibitory domain

(1). The native enzyme binds calcium with high affinity and specificity (2). Upon binding calcium

ions, the protein-phosphorylating activity of CDPK is increased 50-100-fold (2,3). Thus the ability

both to detect and to transduce the calcium signal reside in a single molecule. These properties make

CDPK the quintessential calcium target protein.

To understand the function of the putative autoinhibitory domain, the effect on activity in

vitro of synthetic peptide corresponding to residues 302-332 in this domain was determined. Inhibition

of CDPK by peptide 302-332 was noncompetitive with histone HIS, syntide-2, and ATP, and the the Ki

ranged from 2 to 50 I_M,depending on the substrate tested. These results support the identification of

residues 302-332 as a functional autoinhibitory domain.

The epitope recognized by an antibody previously used to show that CDPK is associated with

F-actin in plant and algal cells (4,5) and with the plasma membrane (6) was determined. Fragments of

the cDNA encoding CDPK were produced by BAL 31 digestion or site directed deletion, ligated into

vector pET3a, and expressed in Escherechia coli. Immunoblotting of the truncated proteins showed that

the epitope maps to a 14 residue sequence in the amino-terminal portion of catalytic domain.

1. Harper, J.F., G.E. Schaller, M.R. Sussman, C. Putnam-Evans, H. Charbonneau, and A.C. Harmon.
1991. Science 252:951-954

2. Harmon, A.C., C. Putnam-Evans, and M.J.Cormier. 1987. Plant Physiol. 83: 830-837.

3. Putnam-Evans, C.A., A.C. Harmon, and M.J. Cormier. 1990. Biochemistry. 20:2488-2495

4. Putnam-Evans, C., A.C. Harmon, B.A. Palevitz, M. Fechheimer, and M.J. Cormier. 1989. Cell Motel
Cytoskel. 12: 12-22.

5. Harmon, A.C., and D.W. McCuray. 1990. Cur.Topics Plant Biochem. Physiol. 9:119-128.

6. Schaller, G.E., A.C. Harmon, and M.R. Sussman. 1992. Biochemistry 31:1721-1727
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IDENTIFICATION AND CHARACTERIZATION OF TWO PHOSPHOLIPASE A2
ACTIVITIES IN LEAVES OF Vicia faba

Kim, D.K., Lee, H.J., Lee, Y.

Deptrtllent of Life Science, Pohang |nstitute of Science and Technotow, Poheng 790-600, Korea

Recent experiments| results suggest that two products of phos_otipese A2 (PLA2), Lysof_osl=hotipids and

free fatty acids, my serve as second messengers in scow plant systems (1,2). Despite the potential

importance, btechemtcet characteristics of the enzym in plaints remain LargeLy unkrmn. We have

performed detailed characterizations of PLA2 activities in • higher plant, Vjcia faba.

Tvo kinds of PLA2 activities were identified and characterized from homogenatesof Leaves of Vicia faba

using 1-petattoyt-2- [1-14C) petmttoyt-gtycerqphosphochottne and 1,2-dipetmttoyt-gtycerophospho. (N-methyt-

14C] choline as sIJ_trates, lesed on TSI( G 3000 SWgel f|ttretion, two enzymeactivities migrated as

moLecuLarweight of 70 Id)a and 14 kDi. The first (70 kDe peek) was similar to s Iysosomal PLA2 in animal
system; it was opttlmtty active at pH 4.5 end m not dependent on Ca2+ for its activity. In the

"presence of 5 M4 Ca2+, -PLA1. as weLL es "PLA2uactivities vere shorn in 70 _e peak. The Second (14 kga

peek) had similarity to emmtien non-pancreatic secretory type IX PLAz; 1) it ues optimtty active in pit

range of 9.10, 2) it required aN Ca2+ for optlluL activity, and 3) Incorporation of substretes into

soditm deoxychotete micetLes inhibited the _lzyme activity.

1. Pal.wren, H.G., Somartn, H. (1989) PLant PhysioL. 90, 1009-1014

2. Andre, g., Scherer, G.F.E. (1991) Plants 185, 209-214
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Figure 1. Ca2+ requirements of 70 IO)a (0) and 14 I_)a (FI) PLA2 activities isolated from _ fa_
Leaves.

Figure 2. Effects of ptl on 70 I(Da (O) and 14 I_a (0) PLA2 activities isolated from _ faba Leaves.
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IDENTIFICATION AND PURIFICATION OF GTP-BINDING PROTEINS IN THE

PLASMA MEMBRANE OF ZUCCHINI (Cucurbito pepo L.)

Perdue, D.O., and Lomax T.L.

Department of Botany and Plant Pathology, Oregon State University

Corvallis OR 97331-2902 U.S.A.

We have investigated the possibility that G-protein-like entities may beI,

present in the plasma membrane (PM) of zucchini (Cucurbita pepo L.) hypocotyls

by examining a number of criteria common to animal and yeast G-proteins. The

GTP binding and hydrolysis characteristics of purified zucchini PM are similar to

the characteristics of a number of known G-proteins. Our results demonstrate GTP

binding to a single PM site having a Kd value between 16-31 nM. This binding has

a high specificity for guanine nucleotides, and is stimulated by Mg 2+, detergents,

and fluoride or aluminum ions. The GTPase activity (Km---0.49_tM) of zucchini PM

shows a sensitivity to NaF similar to that seen for other G-proteins. ADP and ATP

have a stimulatory effect on GTP binding and hydrolysis at concentrations around

1 ttM. (1)

Localization of GTl_,35S binding to nitrocellulose blots of PM proteins

separated by SDS-PAGE indicates binding to 31 and 35 kDa proteins. These

predominant GTP-binding species can be isolated by affinity chromatography and

purified by SDS-PAGE. Sequence analysis of affinity-purified GTP-binding

proteins from zucchini hypo¢otyls will allow us to determine to which class of

GTP-binding proteins these belong, and permit us to discuss the possible role(s) of

these proteins in plant signal transduction.

1. Perdue, D.O., and Lomax, T.L. (1992) Plant Physiology and Biochemistry

30(2): 17-27.
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Soluble and membrane-bound inositol-l.4,5-trisphosphate
5-phosphatase activity in plant cells

Enrico Martinoia. Ester Vogt. Doris Rentsch and Rudolf Locher 1.

Institute of Plant Sciences, Swiss Federal Institute of Technology, Zfirich.

Sonneggstrasse 5, ETH-Z, 8092 Zfirich. Switzerland

In plant and animal ceils, cytosolic free calcium is thought to play a central role in

signal transduction. The primary site of calcium release in plants appears to be

the large vacuole, since several studies have shown that the addition of inositol

1,4,5-trisphosphate causes a specific and saturable transient release of Ca 2+ from

tonoplast vesicles or intact vacuoles (Schumaker and Sze, 1987). Intracellular

signals are expected to be transient, and therefore the signal must be metabolized

or removed. Indeed, in animal cells, an Mg2+-dependent inosltol 1,4,5-

trisphosphate 5-phosphatase has been described for different cell types (Berridge

and Irvine, 1989).

Analysis of the products formed by the incubation of inositol 1.4,5-trisphosphate

with vacuolar membranes showed two breakdown products, inositol 4,5-

diphosphate and inositol 1,4-diphosphate. In the absence of Mg2+, tnositol 4,5-

diphosphate was the predominant peak. Addition of Mg2+ reduced the appearance

of inositol 4,5-diphosphate, and a higher amount of inositol 1,4,-diphosphate

could be observed. Hydrolysis of inositol 1,4,5-trisphosphate as a function of the

incubation pH showed that inositol 4,5-diphosphate is released mainly under

acidic conditions. The pH profile for the activity is similar to that of the vacuolar

phosphatase. In contrast, inositol 1,4,-diphosphate, the product formed by the

inositol 1,4.5 trisphosphate 5-phosphatase, can only be detected at higher pH

values. The pH profile is similar to that of many cytosolic enzymes. Indeed, an

inositol 1,4,5-trisphosphate 5-phosphatase would be expected to be localized at the

outer surface of the membrane, since the signal acts at the cytosolic face of the

vacuole. The Km value calculated is about 30 glVl and, therefore, in the same range

as most values reported for animal cells. Cytosolic fractions obtained from

evacuolated protoplasts also showed a specific inositiol 1.4.5 trisphosphate

hydrolysis. About 60 % of the activity can be attributed to the cytosol.and 40 % to

the vacuolar membranes.

Berridge. M.J. and Irvine, R.F. (1989) Nature 341. 197 - 205

Schumaker, K.S. and Sze. H. (1987) J. Biol.Chem. 262, 3944 - 3946



121
ACTIVATION OF PHOSPHOLIPASE A2 (PI.,A2) BY AUXIN AND MASTOPARAN GEN-

ERATES LYSOPHOSPHOLIPIDS TO ....,.,_IVATE PROTEIN " NASE AND H+-ATPase

Scher_r,G.F.E., Andre, B., Fiihr,A., Schiitte, M.

Botanical Institute, University of Bonn, Venusbergweg 22, D-5300 Bonn 1, Germany

Activation of PLA2 by 2,4-D is rapid, in cultured soybean cells wx:ran1 rain and in zucchini hypocotyls

within 15 min. ABA, GA3, acetic acid had no effect, PAA and 2,3-D were weakly active in soybean cells (all at

5x104 M) which excludes stress as a reason for activation. In microsomes isolated from both organisms 10-7 M

auxins activate PI.A2 and 2,3-D is almost inactive. Mastoparart,a peptide activatorof animal G proteins and of

PLA2, activates PI.A2 in soybean cells and hypocotyls at 2-7 pM. Growthof abradedhypocotyls is stimulated by

70% by 2/_tMmastoparan.At 2-7/_M mastoparanPL,A2is activated in microsomes. Hence mastoparanpartially

mimicksauxinaction. Since PLA2 activation is mediatedby the knownauxin-bindingprotein(1) the resultssupport

theconclusion thatPLA2 activation is partof the primaryaction of auxin.

The two reactionproducts of PI.,A2, fatty acids and lysophospholipids, are both potentially biologically

active. Oneparticularfatty acid, a-linolenic acid, received muchattentionrecently as the precursorto jasmorticacid,

a potent signalling substance (2). Lysophosphatidylcholine (I.,PC),the second reactionproduct,was investigated by

us as an activatorof membrane-associatedprotein kin&u:and of H+-ATase (3). It activates H+ transportand ATP

hydrolysisof both H+-ATPases in isolated vesicles. Besides LPCand its substitute 1-O-alkyl-2-acetyl-_-glycero-3-

phosphocholine (platelet-activatingfactor, PAF), acidic lysophospholipidsalso activate protein ldnase, with LPI,

LPG, and LPA in decreasing order.Preliminary tests show that some lysophospholipids stimulategrowth. Hence,

two new substance classes, the G proteinactivator-peptidemastoparanand lysophospholipids, can partiallymimick

auxin action. This is taken as evidence for an auxin-triggeredsignal transductionchain leading from a receptor-

linked and G-nucleotide-sensitive PLA2 to a lysophospholipid-activated protein kinase. Comparison of

autoradiographyand Westernblot shows that in hi[!hlypurified plasma membranesthe H+-ATPase is a prominent

substrateof the kinase.

1. Andre, B., Scherer,G.F.E. (1991) Plama 185, 209-214

2. Falkenstein,E.F., Groth,B., Mith6fer,Weiler, E.W. (1991) Plama 185, 316-322

3. Martiny-Baron,G., Scherer, G.F.E.(1989)J. Biol. Chem. 264, 18052-18059
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CHANGES IN LIPID KINASE AND PHOSPHOLIPASE A ACTIVITY IN PLASMA

MEMBRANES OF PETUNIA PETALS DURING SENESCENCE

A. Borochov, Myeon H. Cho and W. F. Boss

Faculty of Agriculture, The Hebrew University of Jerusalem, Rehovot, Israel 76100 (_ B.) and Department

of Botany, N. C, State University, Raleigh, North Carolina 27695 (M. H. C., W. F. B.)

The senescence of flower petals is accompanied by modifications in compositional, structural, physical

and functional properties of cellular membranes. These processes begin with an early decrease in membrane

protein and phospholipids, followed by a decrease in membrane fluidity, membrane enzyme activity, solute

uptake ability and in the capacity of the cells to retain water. Changes in the synthesis or catabolism of

membrane lipids would affect the distribution of the lipids within the bilayer and thereby could alter the

activity of several plasma membrane enzymes. Indeed, modifications in the activity of enzymes involved in PC

synthesis were found in a microsomal membrane fraction during petal senescence. In this work we are

reporting on changes in the activities of DAG kinase, the inositol phospholipid kinases and phospholipase A

(PLA) in relation to petunia petal senescence.

When endogenous lipid kinases were assayedby adding [32p]-ATPto the isolated plasma membranes,

the major products formed were PA and PIP. The formation of [32p].pip showed no significant changes

during the first 4 days,but declined by about 20% in the fifth day following harvest. The amount of [32P]-PA

formed in the in vitro assay increased 1.7 and 2.7 fold on day 3 and 4, respectively, and then decreased to one

third the initial value on day 5. The experiments were repeated using exogenous substrates for short periods

in order to compare the specific activities of the enzymes. In the presence of exogenous PI, there was a

significant decrease in PI kinase specific activity after day 2. The activity on day 4 was about 50% of the day

1 value. DAG kinase activity increased on day 3 and 4 and decreas_ to below day 1 levels on day 5. Thus

the changes in the specific activity of DAG kinase were consistent with the observations of PA formation in

the absence of exogenous substrate. PI kinase specific activity in the presence of exogenous substrate, however,

did not mimic the profile of product formation using endogenous substrate. In addition to lipid kinase activity,

we monitored the PLA activity in the plasma membrane-rich fraction, with NBD-PC as a substrate. The PLA

specific activity increased continuously over the entire period of the study.

The senescence.related modifications in the activities of these enzymes would affect the distribution

of the DAG, PA, Pl, PIP, PIP2, lysolipids and free fattyacids, which areall putative second messengers or their

precursors, in the membranes. Therefore, it is plausible that they are involved in modulating flower

metabolism duringsenescence.
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OSMOTIC STRESS DECREASES PHOSPHATIDYLINOSITOL (PI) KINASE

ACTIVITY IN CARROT CELL PLASMA MEMBRANES: OKADAIC ACID

REVERSES THIS EFFECT

Myeon H. Cho and Wendy F. Boss

Botany Dept., N. C. State Univ., Raleigh NC 27695

Phosphatidylinositol monophosphate (PIP), produced by phosphatidylinositol (PI) kinase, is a

negatively charged phospholipid which is present in plasma membranes of plant cells. In addition to acting

as a source of second messengers, PIP has been shown to increase the activity of the plasma membrane

vanadate.sensitive ATPase (1,2)

When carrot cells were treated for 5 rain hyperosmotically with 0.4 osmolal sorbitol in conditioned

medium, the amount of [32p]labeled phosphatidylinositol monophosphate (PIP) produced by isolated plasma

membranes during/n vitro phosphorylation with [y-32p]A'rP decreased to approximately half of the control

value. The decrease in Pl kinase activity was observed both in the absence and presence of exogenous

substrate (Pl). In addition, as a result of hyperosmotic stress, plasma membrane ATPase activity decreased.

The maximum reduction in ATPase was found after 5 rain of treatment. If cells were first treated for 1 h with

100 nM okadaic acid, a potent protein phosphatase 1 and 2A inhibitor, the decreased [32p]_lP production

resulting from hyperosmotic stress was not observed. There was no effect of okadaic acid treatment on

[32p]PIP production in plasma membranes isolated from control cells. Okadaic acid (1 nM-I tiM) in

phosphorylation reaction had no significant effect on [32p]PIP production. While there is no evidence for

phosphorylation or dephosphorylation of Pl kinase per se, these data suggest that the decrease in PIP

biosynthesis observed as a result of hyperosmotic stress is mediated by a okadaic acid-sensitive phosphatase.

1. Memon, A. R., then, Q. and Boss, W. F. (1989) Biochem. Biophys. Res. Commun. 162,1295-1301.

2. Chen, Q. and Boss,W. F. (1991) Plant Physiol. 96,340.343.
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PROTEIN KINASE ACTIVITES IN POTATO MITC_HONDRIA

Pical,C.andSommarin,M.

DepartmentofPlantBiochemistry,UnivofLund,PO Box7007,S-22007Lund,Sweden

Proteinphosphorylationrepresentsa majorregulatoryprocessinanimalcells.Protein

kinases act together with phosphoprotein phosphatases by reversible

phosphorylation/dephosphorylationofspecificproteinsinthecell.

Protein kinases are present in several subcellular compartments of plant cells, but in

general relatively little is known about their function. Potato tuber mitochondria contain

several protein kinases localized both outside and inside the inner membrane, phosphorylating

approximately 30 polypeptides (1,2). One of these protein kinases is the PDH kinase which is

tightly associated with the PDH complex and regulate its activity in the matrix of

mitochondria.

Apart from thePDH kinase,potatomitochondriacontainatleasttwo otherprotein

kinases.We arecurrentlystudyingtheseactivities;onebeingsolubleand theothermembrane-

bound.Thesetwo activitiesarenotlocatedinthematrixand mightrepresenttwo formsofthe

same enzyme.The membrane-bound activitywas solubilizedand partiallypurifiedby DEAE-

Sephacelchromatography.HistoneHI was usedasexogenoussubstrata.The proteinkinaseis

totallydependenton calciumforactivitywithmaximum beingactivityatI pM calcium.

1. Sommarin, M., Petit, P.X., and Mailer, I.M. (1990) Biochim. Biophys. Acta 1052, 195-203.

2. Petit,P.X.,Sommarin,M.,Pical,C.,and Mailer,I.M.(1990)Physiol.Plant.80,493-499.
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LIGHT-DEPENDENT -I + AND CI- FLUXES IN THE GREEN ALGA

F.REMO SPHAERA V/R/DIS

Gerald SchOnknecht,Manfred Thaler and Wilhelm Simonis

Julius-von-Sachs-lnstitut, LehrstuhlBotanik I, UniversitJt WOrzburg,Mittlerer Dallenbergweg 64,

D-8700 WOrzburg, F.R.G.

Using ion-sensitive microelectrodes,the CI- and H + activities in the cytoplasm of the

unicellulargreen alga Erernosphaera viridis were measured. In the light, cytoplasmic CI- activity

was 2.2 mM or lower and cytoplasmic H + activity was about 5.4.10 -s M (pH 7.3). Darkening

resulted in a transient acidification, which was compensated within 3 to 5 min. While the

cytoplasmic pH decreased on darkening the CI- activity increased to 3.2 mM. This higher

CI- level was maintained in the dark. Switching light on again decreased the CI- activity to the

level previously observed in the light. Simultaneouslya transient alkalization of the cytoplasm

was observed. The cytoplasmic CI- was kept constant within the limits described above. It was

independent from (lower) external concentrations.The transient character of the light-dependent

pH changes was probably caused by pH-stat mechanisms.

Studies with different photosynthesisinhibitors (DCMU, piretanide, venturicidin) indicated

a direct relation between the light-driven H+-flow across the thylakoid membrane and _.

observed light-dependent CI- and H + activity changes in the cytoplasm. It is suggested tnat

light-driven H+-flux across the thylakoid membrane was in part electrically compensated by a

parallel CI--flux through a voltage-dependentCI- channel in the thylakoid membrane (1). This

gave rise to changes of the H+ and CI- activity in the chloroplast stroma, r,nd these activity

changes were compensated by CI- and H.-fluxes across the chloroplastenvelope giving rise to

the observed CI- and H + activity changes in the cytoplasm. There is a light-dependent H+ flow

from the cytoplasm via the chloroplaststroma into the thylakoid lumen (and a reverse flow upon

darkening) and this H + flow is in part electricallycompensatedby CI-.

1. Sch0nknecht, G., Hedrich, R., Junge, W. and Raschke,R. (1988) Nature 336, 589-592.
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TURGOR REGULATION IN CHARA BUCKELLII IN LOW IONIC STRENGTH

MEDIUM

Gerber, N. R., and Bisson, M. A.

Department of Biological Sciences, State Universityof New York, Buffalo NY 14260, USA

Chara buckellii is a salt tolerant alga collected from a high MgSO4 lake. Unlike

freshwater Charophytes, it regulates its turgor in response to osmotic stress (1). We showed

previously (2) that regulatory turgot decrease in response toa 150 mOsmollkg hypotonic stress

occurred inabout 40 rain, and was accompanied by membranedepolarization,an increase in

conductance, and a decrease in the rate of cytoplasmic streaming. Decreasing Ca2+ concentration

in the medium or adding Ca2+ channel blockers such as nffedipine inhibited turgot regulation, the

increaseinconductanceandthedecreaseinstreaming,butnotthedepolarization.Thesedataare

consistent with an influx of Ca2+ being involved in the signal tnmsduction pathway for turgor

regulation.

Electrophysiological characteristics of the membraneare different in saline and low ionic

strength medium (3), with membrane potential less negative and conductance higher than in low

ionic strength medium. We therefore repeated the turgor regulation experiments in low ionic

strength medium with osmolality controled with sorbitol. The time course of turgor regulation in

response to the same osmotic stress was similar to that seen in saline medium, as was the increase

in conductance and the decrease in streaming rate. The depolarization was less, however, and was

preceded by a transient hyperpolarization. Lowering external Ca2+ to 10 nM, buffered by EGTA,

did not inhibit turgot regulation. 0.1% ethanol, the vehicle for the inhibitors, inhibited turgor

regulation in the low ionic strength medium, although it had no effect in the saline medium.

Effects of the inhibitors were therefore hard to assess, but nifedipine appeared to have a small

effect. The significance of these data for our model of turgor regulation are discussed.

1. Hoffmann, R., Bisson, M. A. (1986) Can. J. Bot. 64:1599

2. Bisson, M. A., Kiegle, E. (1991) Plant Phys. 96S: 13

3. Yao, Q., Bisson, M. A., Brzezicki, L. M. Plant Cell and Env., in press
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MEMBRANE POTENTIAL AND ACTION POTENTIAL OF MARINE PLANKTONIC

DIATOMS

Boyd,CarlM.

Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4JI

Techniques have been developed (both enzymatic and mechanical) to obtain viable protoplasrs

of several genera of marine planktonic diatoms, raised in culture. Attempts to obtain g/gaohm seals

required for patch and whole cell voltage clamping have been generally unsuccessful, possible because of

a residual coating of the plasmalemma of these protoplasts, as indicated by scanning electron

microscopy. However, microelectrodes can be used to measure membrane potentials and to monitor

changes in these potentials in response to variations in nutrient conditions and age of the cultare.
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EFFECTS OF IONOPHORES AND CHANNEL BLOCKERS ON ION CONTENT AND

BUOYANCY OF THE MARINE DIATOM Ditvlum briahtwellii

Tammi L. Richardson and Carl M. Boyd

Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1

The effect of ionophores and channel blockers on the buoyancy of the marine diatom Dirvlurn

brisehtwellii is being investigated following the observation that the density of a planktonic cell and

hence its buoyancy is in part controlled by the concentration of certain cellular ions (see Anderson and

Sweeney, 1978). Compounds being used include the K+ ionophore valinomycin, the Na+ ionophore

monensin, and the K+ channel blockers tetraethylammonium and lanthanum chloride. Under control

conditions (no ionophore), our experiments show that the sinking rate of a population of D. bri_htwellii

is about 1 era/hour. We are currently manipulating the ionic conditions of the cells and measuring

concomitant changes in sinl_g rates in order to investigatein more detail the ionic mechanism of

buoyancy control. The buoyancy of nantral populations of diatoms will determine their depth in the

ocean, which will in turn affect the overall level of primary productivity of the population.

Anderson, L. W. J. and B. M. Sweeney, 1978. Role of inorganic ions in controlling sedimentation

rate of a marine centric diatom Dirvlum brisrhtwe.llLij.J. Phycol. 14(2):204-214.
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ION CHANNELS CHARACTERIZED BY PATCH CLAMP AND VOLTAGE CLAMP

IN PROTOPLASTSFROM THE GREEN ALGAE EREMOSPHAERA VlRIDIS

K. KOhler, K. Linz

Instituteof Botany, Universityof.Bonn, Germany

Introduction

A well described signal transduction process takes place in the unicellulargreen algae

Eremosphaera as published recently (1, 2). Specific potassium channels in the plasmalemma

open during the course of a transient potential (TP) presumably triggered by calcium. Calcium

activity might increase by releasing calcium from internal stores or by a calcium influx across

specific channels in the plasmalemma. The specific potassium channels causing the TP were

characterized in voltage- and current-clamp experiments with regard to their regulation.

Protoplastisolation

For patch clamp measurements protoplasts of E. were isolated similar to the protocol of

Rosen et al. (3). The incubation medium contains 5 enzymes (Cellulase, glucuronidase,

driselase, pectinase, and hemiceUulase)with an osmolarity of nearly 600 mosmol and a pH of

5.7. Even at high enzyme concentration and long lasting incubation time only few protoplasts

were obtained at room temperature.

Patch clamp measurements

In many experiments only few giga-seals were obtained. This indicates that the plasma

membrane is still covered by some cell wall fragments. Nevertheless in preliminary experiments

we found channels with a conductance of approximately 50 pS.

Whole cell measurements

Experiments were carried out with the two electrode voltage clamp set-up. IN curves

were measured during the different phases of the TP. The treatment with a-naphtyl phosphate

(NP), A 23187 and trifluoperazine (TFP) created very long lasting TPs (up to 10 rain). In the

presence of Ba2+ (10 pM) and Sr_. (1 mM) so called repetitiveTPs were released.

Tetraethyl ammonium (TEA 10 mM) and Ba2. (1 mM) inhibited the TP. This effect was

reversible after removing these inhibitors. Experiment with sodium showed an inhibitingeffect of

this cation on the potassium channels.

1. KOhler, K., Fbrster, B., Kolbowski, J., (1989) Potassium channels in Eremosphaera. II1.
Modulation of channel opening, conductance and inhibition. Botanica Acta 102,
287-296.

2. KOhler, K. (1990) Potassium channels in Eremosphaera viridis. Studia Biophysica 138,
115-118.

3. Rosen, B.H., Berliner, M.D., Petro, M.J. (1985) Protoplast induction in Chlorella
pyrenoidosa. Plant Science 41, 23-30.
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ION L"HANNEI_ IN THE PLASMA MEMBRANE OF THE COCCAL GREEN ALGA EREMOSPHAERA

V/RJDI$: TWO POTASSIUM CHANNELS AND ONE ANION CHANNEL

Sauer, G., Sch6nknecht, G. and Simonis, W.

Julius-von-Sachs-Institut ffir Biowissenschaften, Lehrstuhl Botanik I, Universitit Wfirzburg, Mittlerer

Dallenbergweg 64, 8700 Wfirzburg, Germany

Ion-channels in the plasma membrane of the unicellular green microalga Eremosphaera viridis are

responsible for an action-potential like excitablitity of the alga, causing a transient hyperpolarization of the

membrane potential by potassium efflux. In the maximum of this transient potential change the IN-curves

recorded with the two electrode voltage clamp technique exhibited N-shaped characteristics.

We could demonstrate that these characteristics were caused by three different ion channels in the

plasma membrane: the previously described potassium channel (1), an inward rectifying potassium channel

and a voltage dependent anion efflux channel.

The inward rectifying potassium channel conducted different cations in a non-ohmic manner with

rising conductances at more hyperpolarized membrane potentials. It could be activated at rest, if the anion-

channel was inhibited by NPPB ((5-nitro-2-3-phenylpropylamino) benzoic acid, 40 _M), Zn2 + (50 ;tM) or

A9C (Anthracen-9-Carboxic-acid, 0.5 mM). The cation currents did not respond to the potassium channel

inhibitors TEA (Tetraethylamoniumsulfate, lmM), Ba2 + (lmM) and Cs + (lmM), but were strongly reduced

by 100 _tM AICI3.

The voltage-dependent currents responsible for the negative slope in the I/V-curve were appriciably

reduced by the anion-channel inhibitors NPPB (40 _tM), ZnCI2 (50 _tM) and A9C (0.5 raM). They were

observed only at the top of the transient potential change. This suggests the existance of an additional

activation step.

These data demonstrate the existance of two different cation channels and one anion channel in the

plasmalemma of the coccal green alga Eremosphaera viridis. The channels described here showed striking

similarities to channels in the plasma membrane of different higher plant cells, especially Vicia faba guard

cells (2).

1. K6hler, K., F6rster, B., Kolbowski, J. (1989) Botanica Acta 102, 287 - 296

2. Keller, B., Hedrich, R., Ras<::'ke, K. (1989) Nature 341,450 - 453
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REGULATION OF A PLASMA MEMBRANE CHLORIDE CHANNEL IN CHARA

COP.4LLINABY INTRACELLULAR pH AND PHOSPHORYLATION

Crofts, A., Johannes, E. and Sanders, D.

Biology Department, University of York, York YO1 5DD, UK

The large del_,arizing current during the Charophyte action potential is well known to

be carried by CI" (efflux) in response to an increase in eytosolic free Ca2+ (1,2). However, a

novel role for plasma membrane CI channels has been proposed more recently by Smith &

Reid (3), who suggested that a dramatic increase in CI"efflux during cytoplasmic acidosis

might serve the function of offsetting membrane hyperpolarization resulting from enhanced

electrogenic H+ pump activity in these conditions. This raises the possibility that el efflux is

regulatednot only by cytosolie free Ca2+, but also by cytosolic pH.

We report here that efflux of 36C1"from internally perfused, tonoplast-free cells is

enhanced as a first-order function of intraeellular [H.] as pH is lowered over the physiological

range 7.8 to 6.8 in Ca2+-free conditions. In the presence of nM levels of Ca2+, a second

effect is also apparent: the apparent Kd for Ca2+ of CI efflux is markedly lowered as

intraceUular pI-Idecreases. The net result is that cytoplasmic acidosis triggers Cl"efflux both

directly and indirectly via enhanced sensitivity of the flux to eytosolic Ca2+. These effects

cannot be explained on the basis of voltage-sensitivity of Cl efflux, since the perfusion

solutions deployed had an insignificant effect on membrane potential.

Furthermore, phosphorylation/dephosphorylation of the putative channel exerts a

profot)nd regulatory role on its activity, and this can override the reponse to both [I-I+] and

ICe:+]. Thus, i_tracellular perfusion with the catalytic subunit of protein kinase A and ATP

results in complete inhibition of CI efflux. Non-hydrolysable ATP analogs are inactive with

respect to inhibition. Conversely, perfusion with a phosphatase in conditions normally

associated with almost complete inhibition of CI efflux (pH 7.8, free Ca2+ ---0) elevates CI

efflux to 60% of the maximal level observed with optimal [I-I+] and [Ca2+]. The CI"channel

therefore appears to reside in a semi-phosphorylated state in vivo. We will discuss the

physiological functions of the CI channel in relation to its regulatory characteristics.

1. Williamson, R.E. and Ashley, C.C. (1982) Nature 296, 647-650.

2. Shiina, T. and Tazawa, M. (1987)J. Membr. Biol. 99, 137-146.

3. Smith, F.A. and Reid, R.J. (1990)J, Exp. Bot. 42, 173-182.
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Effects of calmodulin on Ca2+-dependent Cl--sensitive anion

channel Chara plasmalemma: A patch clamp study

Okihara, K. 1, Ohkawa, T. 2 and Kasai, M. 1

1. Department of Biophysical Engeneering, Faculty of Egeneering Science, Osaka

University, Toyonaka 560, Osaka, Japan.

2. Department of Biology, College of General Education, Osaka University, Toyonaka

560, Osaka, Japan.

The inside-out patch-clamp technique was applied to plasmolyzed plasmalemma of

Chara corallina internode without enzymatic treatment. We found a Cl'-sensitive

anion channel. The channel activity was Ca 2+- and Vm-dependent and we named this

channel Ca2+-dependent Cl'-sensitive anion channel. This channel opened most

frequently at about -100 mV when the Ca 2+ concentration in the cytoplasmic side was

1.0 uM. At 10 uM Ca2+ the channel opened less frequently, and at 0.1 uM very

scarecely. The channel activity was blocked by several antagonists of calmodulin.

These properties of this channel, Ca2+- and Vm-dependence and sensitivity to

antagonists of calmodulin, resembled those of the excitable Ca2+-activated CI-

channel in the Char_ internode (1, 2, 3).

The current flowing through the channels at 1.0 uM Ca2+ decreased with time

showing fluctuations. The decrease in the current was apparently due to a decrease tn

number of open channels. Application of calmodulin (from spinach) to the

cytoplasmic side restored the channel activity transiently or markedly. Besides, the

application of calmodulin shifted the Vm, at which the largest current flowed, from

-100 to -140 inV. Application of EGTA abolished the CaM effect. These suggest that

calmodulin not only activates the Ca2+-dependent Cl'-sensitive anion channel, but

also modulates the Vm dependence of the channel activity. Our results support that

calmodulin activates the excitable Ca2+-activated CI" channel in the Chara internode

1 . Okihara, K., Ohkawa, T. and Kasai, M. (1991) Plant Cell Physiol. 32, 593-601.

2 . Tsutsui, I., Ohkawa, T., Nagai, R., and Kishimoto, U. (1987) J. Membrane Biol. 96,

65 -73.

3 . Tsutsui, I., Ohkawa, T., Nagai, R., and Kishimoto, U. (1987) J. Membrane Biol. 96.

75 -84.
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LOCALIZED PATCH CLAMPING OF PLASMA MEMBRANE OF THE

POLARIZED FUCUS ZYGOTE.

Alison Taylor and Colin Brownlee

The Marine Biological Association, The Laboratory,Citadel Hill, Plymouth, PL12PB. U.K.

A fundamental problem in plant cell biology concerns the role of plasma membrane ion channels in

development and maintenanceof polarity. Direct patchclamp recordings from localized regions of polarizing

or polarized cells are still lacking. Removal of the cell wall to expose plasma membrane suitable for patch

recording is achieved in all but a few cases by enzymatic treatmentto producea spherical protoplast. Such

protoplastsare unsuitablein studying the distributionand regulation of ion channels in a polarized cell due to

the loss of structuralorderonce the cell wall is removed. In this presentation we describe a novel technique

for localized cell wall removal of the Fucus zygote rhizoid cell using U.V. laser to access the plasma

membraneenabling highresistance patch clamp recordings.

A U.V. laser was introduced via the U.V. portof an inverted microscope and focussed to the diffractionlimit.

Plasmolysed zygotes were aligned such that the tip of the cell wall was rupturedby pulsing the laser (Fig.

IB). Careful control of cell turgorby microperfusion enabled extrusion of plasmalemma bound cytoplasm

Ihrough the ruptured wall (Fig IC). High resistance seals (> 5Gfl) were achieved (Fig IC) and records of

single channel activity gn the plasma membrane of the tip of the rhizoid were obtained (Fig ID,E).

Downward diflections representoutward currents in the cell attached configuration. Several channel types

have been observed which are currentlyunderinvestigation. The outward channels in figure 1D are likely to

be K+ channels at the transmembranepotential of-80mV (pipette 0mV). In addition very large inward

channels have been observed (Fig. IE) at the transmembranepotential of -80inV. Both CI" and Ca2+ ions

could carry inward currentsat this potential. We are now furthercharacterizing the plasma membrane ion

cha,neis, their distributionand regulationduringthe development and maintenanceof polarity.

FIGURE 1.
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SELECTIVITY OF ION CHANNELS: ENZYME KINEFICS VERSUS PERMEABK,1TY

Omdmann, D. andKlic_r, I-LG.*

Pl_mzcnphysiologi._hm Inst.dcr Univ. 34.G6ttingen and *Physiologischcs'Inst.dcrTUM 8-Mfinchcn..40,Ga'many

Sel¢_vily of ion channe.Jsis fi'cqucntlyde.scribedby relativepermeabilitymcfficiemts as c_date.d by the

Goldmanequationwhichoriginatesfromthetheoryof/,,tdependantelectrodiffusiooofionsacrossmetnbraaes.We

considerthisapproachinadequatebecausedifferentsubstratmwillprobablynotpcrmutteindependentlythrougha

specificchannelsbutinaix)repetitivemode.Sinceionchannelsare,infact,enzymes(whichcatalyzethettans/tionof

ions acrosslipid membranes),an enzyme kinetic treatmentof thissubject(1) seems to beadequate.An ¢xampk ot this

appro_h has _ workod out duringpatch-clampstudies on a IC channel in Chara. Expcrim_tM on_Utions and

corrmpondingdataarcgivenin Fig. 1, mgcthcrwith th©r/_corcticalcurrcot-vo]lagecurvesasfittedtotb¢databyI_

enzymaticrcac_onschemewith theparametersgivenbyFig. 2.

Fig.1. Opt:n-channel ,s .... ,.

tioasships of the prime
K" clumacl tn lag _*
tonoplast of Chora, "1
measured m isolated ,i
pamhes from o/m.
plasmicdropsm various IL ,
ionic condiLionsm the _ -,

two sides of the mean.

ut/ons w/th 1 mM "" ,z,
Tris/EGTA pH 7; -z_
symbols measured. -.s
curves fitted; reference ._.
curve (symmetric 150
mM KCI) ia rightplot ""-_0 -,_0 -,.0 -i. . .- ,.o ,J. z,. -M -,'m -,.. -i. . ,. ,_. ,.. _.'
withoutsymbol, uWm,_.,.,_._,,_/ my u.m_.,_._,_ / mv

Fig. 2.Rea_oo .sc_me0eft) of thechannelX forK'/Rb° sclcctivily,parameters(right)fitWxi'todamin Fig I.
K• Rb•

,|

cyt vat: vac bu_Jmg : 10566 "I(Ps'*'M"l 403 .10's'm.M''
XRb'. -.- XRb'. vac_ dcbinding 105660.10' s"l 50'70 .10's"m

Rb" i'_ ,$i' Rb" cyt s_ binding 5283 .I0' s'i.M"_ 300 .II_ s'i.M"t
X, -',. X, cy_su_ de.binding 15849 .10' s"_ 240 .10' s"_

K" ¢t __ _ tr,mslocatioa ¢--,,v 1409 .10' "_ifv. 498 .10' "t$ .'fV.
XK*, ** X&", tr,msiocauoa v'=-c 3369 "10_:'_yv _ 4510 .10_s'*'fv_

iii i • ii | i |1 |l ill

.... c--vZ70:Z0'S",C---vi4"10' - cxp(Vd(SXmV))

If the Rb*kineticswerecomparedwith thoseof K"simplyon thebasisof _c differentsatumtioocun-¢oLsfor

K" andfor Rb"or by theasymmc_creversalvoILagcs,mercsulLing"r¢laLivepcrmcabilides"wouldbe in¢oosimr.m.

However,thecnLimsexofclamiswelldescribedbytheenzymeIcincticmodelinFig.1with theuniquesetofparamracrs

givca. It is poiatod out, that the relativelyslow rcoricntaLionof _c emptybinding site is an essential lxopetty of the
model: it enablesthe _pLion of themissing tmas-inh.ibit/oneffects in the data.A.,',mthercrucialfeatureis that ordy

thechargc-traaslocaLioas(not thebindingcquifibria)arcvoltagc-dcl_adent steps. Withoutthis pto_y, therelatively

suong curvaturesof the curvescannot I)cdescribed assimply.. Supponcd by the DcutschcFocschungsgemciaschafl.

I.Gradmana,D.,K_¢bcr,H.G.,HansenU.P.(1987)Biophys.J.53,568585
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ION CHANNELS IN THE PLASMALEMMA OF HYDRODICTYON AFRICANUM.

Findlay, N. and Findlay, G.P.

School of Biological Sciences, Flinders University, GPO Box 2100, Adelaide, South Australia 5001

A major component of the conductance of the plasmalemma of the large ceils of the freshwater

alga, Hydrodictyonafricanum,is an outward voltage and time-dependent K+ conductance, examined in some

detail by Findlayand Coleman (1) with standardvoltage clamp techniques applied to intact whole cells. Un_l

now there have been no studies of single ion channels in this membrane by patch clamping because of the

difficulty in obtaining the necessary access to the membrane without the cell wall. We have developed a

simple method, in which a cell is plasmolysed, cut open, and the cytoplasmic contents broken up to some

extent, to yield fragments of cytoplasm. The success of this method apparentlyarises from the natureof the

cytoplasm, which is stiff, and whose volume is small compared with that of the chloroplasts. The fragments

maintain the curvature they possessed in the intact cell, and it appears that part of the plasmalemma

continues to form the convex surface of the fragment.

It is possible to patch clamp the membrane, presumed to be the plasmalemma, on the convex

surface of these fragments, and to observe channel activity. Preliminary results for detached patches, with

both sides of the patch bathed in a solution containing (in mM) 50 KCI, 5 CaCI2, at pH 5.5, show channels,

with substates, and with maximum conductance of about 50 pS, accompanied by a background of

considerably smaller channels. Surprisingly, in view of the evidence from intact cells, the behaviour of the

this large channel, when ion gradientsare applied across the patch, shows that it is not a K+ channel.

This method of producing membrane fragments, whilst promising, almost certainly needs

refinement. It may also be possible to extend it to other large-celled algae, particularly some of the marine

algae.

I. Findlay,G.P.andColeman,H.A.(19831.Potassiumchannelsinthemembraneof Hydrodictyon

.africanum. J.MembraneBiology,75,241-2SI
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VOLTAGE-CLAMP STUDIES OF EXCITATION: COMPARISON OF DATA

FROM INTACT AND PERFUSED CELLS OF CHARA AND NITELLOPSIS

M.J. Beil:)y,"T.Mimuraand"T._n

Schoolof BiologicalSciences,UniversityofSydney,Australiaand*SchoolofLifeSciences,Facultyof

Science,HimejiInstituteof Ted--, HadmaScienceParkCity,Hyogo678-22,Japan

Thereis nowa generalagreementthatexcitationinthe_ae involvesan inflowof Ca++

whichinturnactivatestheCI"channels(1.4).However,a detaileddynamicsof the currentsthroughthe

differenttypesof channelshavenotbeenworkedout.ThecomparisonofIwo Characeae speciesand

thedata frompedusedtonopiaatlesscellsprovidessomeinsightsintotheexcitationphenomenon.

The experimentswereperformedat the HimejiInstituteof Technology(Japan)atthe timeof

MJBvisitfundedbythe AustralianDepartmentof Industry,TechnologyandCommerce.The excitation

currentsobtainedfromCharacorallina displayedthe mainfeaturesseenpreviously(5):two negative

peaksnearthe thresholdp.d.(potentialdifference),a largesinglenegativepeakbetween-100 and -60

mV anda prorq3tpositivespikenear0 p.d.level.TheexcitationcurrentsfromN_'_ alsoexhUted

twonegativepeaksnearthreshold,butat p.d.'smorepositivethan-90 mV theamplitudeof negative

transientsdeclinedand severalpeakscouldbeobserved.Largepositivecurrentswereseennear0 mV

buttheprominentpositive_ wasabsent.

Thecellswereperfusedas decribedby Mimuraet al. 1983(6).Bothspeciesthenshowedvery

similarexcitationcurrents.Betweenthe thresholdand ---60 mV total inactivationof the negative

currentswasabsent,butoneortwonegativepeakscouldstillbe distinguished.At morepositivep.d.'s

the negativecurrentsbecame transient,similarlyto those inintact cells. The negative excitation

currentswereir/dl_ed by5 mMTEA (tetraathyiammonium).ThisinhibitionwastotalinNitelbpsis and

part_ in Cha_

The resultsarediscussedin termsof CI"channels,differenttypesof Ca++channelsand K+

channels.

1. Lunevsky,V. Z.,Zherelova,O. M., Vostdkov,I. Y. and Berestovsky,G. N. (1983)J. Membrane
Biol. 72:43-58

2. Kataev, A. A., Zherelova, O.M. andBerestovsky,G. N. (1984) Gen. Physiol. Biophys. 3:447-
462

3. Shiina, T., and Tazawa, M. (1987)J. Membrane Biol. 96:263-276
4. Shiina,T., andTazawa, M. (1988) J. Membrane Biol. 106:135-139
5. Beilby, M.J., and Coster, H. G. L. (1979) Aust. J. Plant Physiol. 6:323-335
6. Mirnura,T., Shimmen,T., and Tazawa, M. (1983) P/anta 157:97-104
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SINGLE-CHANNEL CURRENTS IN THE PLASMA MEMBRANE OF

Chara australis.

McCulloch, S.R., Laver, D.R. and Walker, N.A.

Biophysics Laboratory, School of Biological Sciences A12, University of Sydney, NSW 2006, Australia.

Patch-clamping the plasma membrane of plant cells is made difficult by the presence of a cell wall. In

Chara australis the cell wall is particularly difficult to remove as it does not respond to any of the enzymatic

digestion protocols that have proved successful on higher plant cells. Nevertheless, the fact that man)'

membrane transport processes in the plasma membrane of Chara austral& have been well characterised using

- electrophysiological techniques makes this a meaningful system in which to look for single ion channels.

A surgical method for removing the cell wall of Chara has been developed [Laver, 1991] which enable.,,

access to the plasma membrane through a small opening cut in the wall of a plasmolysed cell. The advantage of

this method is that it does not require digestion of the cell wall by enzymes.

Despite gaining access to the membrane surface, high resistance seal formation is still relatively

infrequent. To eliminate the possibility that cell wall regeneration may interfere with seal formation, inhibitor.,.

of cellulose synthesis have been applied and the effectiveness of these treatments will be discussed.

In cases where high resistance seals have been obtained, single-channel current records reveal a number

of different channels in the plasma membrane. Channels with conductances as low as 15 pS have been observed

It is likely that these are the same channels observed previously [Coleman, 1986; Laver, 1991]

Our present study has also identified a channel with a high conductance of up to 100 pS. So far result.,,

would suggest that this is a relatively non-selective channel. At present the physiological role of such a channel

in the plasma membrane of Chara is unclear. Deterrmning whether or not a particular ionic species dominate_

the conductance will reveal more about the possible function of this channel.

References:

Coleman, H.A. (1986)J. Memb. Biol. 93, 55-61.

Laver, D.R. (1991) Protoplasma 161, 79-84.
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VOLTAGE DEPENDENT CI" CHANNEL ACTIVITY-TRANSIENT AT CHARA PLASMA

MEMBRANE

G. Thiel, U. Homann & D. Gradmann

Pflanzenphysiol. Inst. Untere Karsp_le 2, 3400 GSttingen, FRG

Char_____ainternodal cells were plasmolysed in experimental solution (in mM: 10

KCl, 1 CaClj, 5 Hepes, pH 7, 320 sorbit) and after cutting a small window

through the cell wall the plasma membrane was accessable for the formation of

gigs-seals (1). With electrodes containing 100 mM BaCl, it was possible to

record (cell stretched) single channel activity with a strongly voltage-

dependent gating: The current-voltage relation of the open channel reversed

at -50 mY [(-)Vp_]. This is in the range of voltages expected for the C1-

equilibrium potential assuming a [Cl']m_of approximately 10mM (2) and taking

into account -452 3 (12) mY free running membrane voltage (measured in

current-clamp mode at I-0 after breaking through the membrane}. This

identifies the current as a el- current. Channels rarely opened at voltages

< 0 mY. Clamping to more positive voltages evoked the repeated activation of

transient channel activity (1 to 5 sec long) with up to 6 single channell

active at one time (Fig.). Activation always began and ended with the lowest

conductance level (ig). During the transient period, however, single channel

events with much larger amplitudes were regularly observed (hg) and these

amplitudes accounted for the sum of 2 or 3 smaller channels respectively.

Neither in the opening nor in the closing transition of these large channel

events was it possible to resolve switching of smaller components. The large

amplitudes may represent entirely different channels with a gating confined

to the period of transient activity of multiple el" channels. Alternatively

it may result from close cooperative gating of 2 or 3 low conductance Cl"

channels. The activation of transient channel activity was restricted to the

cell attatched mode.

The results will be discussed in respect to the mechanism of membrane

excitation in Characean algae.

Fig. Recording of voltage evoked activation of multible conductance

fluctuations at +65 mY test potential (:-V,_. Low conductance (ig) and hx_h
conductance transitions (hg) are indicated by arrows.

(1) Laver,D.R. (1991) Protoplasms 161:79-84

(2) Tazawa, M., Kishimoto, U.& Kikuyama, M. (1974). Plant Cell Physloi
15:103-110
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K'.CHANNELS IN "THE PLASMA MEMBRANE OF CHARA CORALLINA:

MULTIPLE LEVELS OF CONDUCTANCE

Ulrike Homann, GerhardThicl and DietrichGradmann

Pflanzenphysiologischeslnstitut, UntereKarsptlle2, W.3400 C_tingen, FRG

Two methodswere used to make theplasmamembraneof C/uu.a cells acce_ible for patchclampexperiments in the

ceU-attschedconfiguration.Inone methodcells were plasmolyse.d,one end of thecell wall was cut off and the plasma

membranebecameexposedas aresultof depiasmolysis[1]. In theothermethodthecells remainedplasmolysed during

theexperimentsandasmall windowwas cutthroughthecell wall to give acceastothe membrane[2]. The experimental

results did not dependon the method used. Underthe given ionic conditions(inside about I00 mM IC, 10 mMCI',

<lttM CaZ+;outside 180 mMK+,182 mM CI',1 mM C.a2")the reversalvoltage of about+12mV indicatesthattheopen

channel currentsarecarriedby IC. The I-V relationshipwas linearover the observedvoltage range from -70 mV to

+60 inV. At least five differentlevels of conductance were m0orded,which appear to be multiples of about 30 pS.

Transitionsbetween zerocurrentand eachcurrentlevel tookplacewithoutvisible stops atthe intermediatelevels (inset
Fig.I). Althoughit cannot be excludedthatthe different oondtclance levels reflect different types of IC-channels,it

is suggested that these levels aredue to dusters of 30 pS K".channelswhichopen and close in a strongly cooperative
manner. Single conduaarmes could be observed in any combination.Fig.I shows a rareobservationwere five curt.

ductarmelevels could be identified in one patch.
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Fig.l: I-V relationshipof the openchannels;all conductance levels observed in one cell-attached patch;membrane
voltages (v,) aregivenas the sumof pipettevoltageandaveragere.stingvoltage(+8 rnV, measuredin thecurrent.clamp
mode);bathand pipettesolutioncontained 180mM KCL 1 mM CaC12and 5 mM Tris/MES, pH 7.2; inset:conunuous
recordingof rewardcurrentsteps at -42 mV, 300 Hz low-pa:,sfiltered

References:

I. Katsuhara, M., Mimura, T. andTazawa, M. (1990) Plant PhysioL 93, 343.346
2, Laver, D,R. 0991) ProtopLasma 161, 79-84
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POTASSIUM UPTAKE IN ROOT CELLS OF ARABIDOPSIS THALIANA.

FRANS J M M AATHUIS AND DALE SANDERS, BIOLOGY DEPARTMENT, UNIVERSITY OF

YORK, YORK YOI 5DD, UNITED KINGDOM.

Potassium is a major crop nutrient, but many controversies still remain about

the exact mechanism of K. absorption in higher plant roots. At moderate

external K. concentrations (approx. 0.2 mM and higher) and with membrane

potentials (E m) more negative than the K* nernst potential (E_,), potassium

ions could be taken up passively (i.e. thermodynamically down hill). K.

conducting ion channels could very well serve this purpose. However, higher

plants can grow in conditions with ext. l_ concentrations as low as 1 1_4. In

that case EK_ is usually more negative than Em and K* has to be taken up

'actively' (1).

In Neurospora crassa (2) active K+ uptake is driven by a K*/H* symport and in

Chars and other charophytea the driving force is Che Na. gradient (3, 4).In

higher plants no definitive answer has so far been given to this problem.

We have investigated the plasma membrane transport properties of Arabidopsis

Chaliana root cells in order to elucidate the ways K. is taken up by these

cells. Membrane potentials of the wild type and a K* uptake mutant were

measured for K. grown and K. starved plants. These experiments showed that

a) in all conditions used EK. becomes more negative than Em if the ext. K.

drops below approx. 30 to 100 _, b) Na. ions do not provide the driving force

for K+ uptake.

Patch clamping in the whole cell and patch mode of these cells has revealed

at least I inward rectifying K. conducting channel, 2 outward rectifying

channels of which at least one conducts K+, and an outward rectifying stretch

activated channel also capable of K* conduction. Difference curves of whole

cell currents (with and without K* in the experimental solutions) for the wild

type and the mutant are being used to investigate the reversal potential of

K. transport at the plasma membrane. From shifts in these reversal potentials

after defined K. changes, together with data about internal K. concentrations

and net K. uptake, we are in the process of distinguishing K. transport

through ion channels from that through other transporters.

I. Kochian, LV, Shaff, JE and Lucas, Wj (1989) Plane P_ysipl. 91, 1202-1211
/

2. Rodriguez-Navarro, A, Blair, MR and S1ayman, CL (1986) J. Gen. Physiol.

87, 649-674. '

3. Smith, FA and Walker, NA (1989) J. Membrane Biol. 108, 125-134.

4. Walker, NA and Sanders, D (1991) Planra 185, 443-445
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PATCH-CLAMP STUDIES ON F._ LEAF PROTOPLASTS.

II. DIFFERENT I/V CHARACTERISTICS OF UPPER AND LOWER CELLS.

De Boer1, A.H., MJedema=, H., Giesberg 1,P., Prins2, H.B.A.

1) Faculty of Biology, Vdje Universiteit, De Boclelaan 1087, 1081 HV Amsterdam. The Netherlands.

2) Dept.of Plant Biology, University of Groningen, 9750 AA Haren, The Netherlands.

leaves consist of two cell layers; an upper layer with large cells and a lower layer with small

cells. These two cell types respond remarkably different to light: the lower cells extrude protons and take

up K'-ions whereas the upper cells do the opposite. Our interest is in the mechanism of this cell differenti-

ation process and the light regulation of the transport processes involved. To _ end protoplasts from the

upper and lower surface were isolated mechanically, thereby avoiding the introduction of artifacts due to

enzyme incubation.

(in raM); (supplemented with mannitol to give a final osmolarity of 380 mOsm.

Bath: 10 KCL2 MgCI2,5 CaCI2,2 KHCO3 (pH 8).

Pipet: 50 KCL 2 MgC12,033 C.aCI2(pCa=7), 1.37 EGTA, 2.5 MgATP, 10 Hepes/Tris (pH 7.2).

The differences in the I/V characteristicsof a lower and upper cell are striking (Fig. 1). In conformity with

the physiology, the lower cells show an inward rectilying current, activated at very negative membrane

potential (V < -150 mV) which, in the dark, is mainly carriedby K°. Under identical conditions this current

is virtuallyabsent in the upper ceils. In contrast, the upper cells exhibit outward rectilying currents, activatM

at V > -70 to -50 mV; these channels are not activated in the lower cells.

The third difference is the activity of the H+-pump. The positive current (Fig. 1) in the lower cell over a

wide voltage range is likely to be pump activity. This is more clear from Fig. 2 were light induced a rapid

increase in positive current. The large cells from the upper surface showed very lirde pump activity.
1; 4.0

E 3.5o

Z _ 3.0

_ 2.5
,I{

= ,/ & 2.0
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._oo " 1.0
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0 I 2 3 4 5 6

Time (rain)

Light inducedpH polarity in someaquaticangiospermsinvolvestight regulationof bulk flow of ionsover

a shorttimerange,like in e.g.stomata.But,unlikestomata,transportin Elodealeavesinvolvestwo adjaccn=

andelectricallytightlycoupledcells,whichare pcrmanendyor temporarilydifferentiated._=].0d_may _rvc

as a model system to study the mechanism of generation of leaf polarity and cell-cell communication.
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DIRECT EFFECTS OF Ca2+-CHANNEL BLOCKERS UPON THE ACTIVITY OF

K+-SELECTIVE CHANNELS IN THE PLASMA MEMBRANE

Terry,B.R.*, Findlay,G.P. andTyerman, S.D.

Schoolof BiologicalSciences, FlindersUniversity,BedfordPark, South Australia5042

*Dept of Pharmacology,Universityof Cambridge,Tennis CourtRd, Cambridge,CB2 1QJ, UK

Ca2+-channelblockersare knownto affecta widerange of processesinplantcells. Here we

showthat organicand inorganicblockers,usedat concentrationsgreaterthan 1 pM, affect directlythe

activityof K+-selectivechannels inthe plasma membrane of Arnaranthus tricolor protoplasts. These

effects are not mediated bythe blockadeof Ca2+ channels.

The blockerstested included1,4-dihydropyridines(nifedipine,nicardipine),verapamil,bepridiland

the inorganicions Gd3+ and La3+. They were appliedto whole-celland detachedoutside-outpatchesof

plasma membraneat concentrationsfrom 50 nM to 100 pM. The concentrationof Ca2+ on the

cytoplasmicsideof the plasma membrane ([Ca2+]cyt)was clampedat either50 nM or 500 nM by use of

pipettesolutionsbufferedwithCa-EGTA (10 raM, insome instances40 mM).

The principalcurrentsto be observedinwhole-cellsare due to the activity of cation outward

rectifierchannels(1). Each of the blockerscausedan immediatereductionof the time-dependent

outwardcurrents at dosesas lowas 1 pM. Concentrationsfor 50% reductionof currentranged from 1.5

pM (verapamU),5 IJM(bepridil& La3+) to 70 pM (nifedipine). Each produceda different,but reversible,

kineticblockof the outward currentwhichwas independentof the levelof [Ca2+]cyt. In addition,

verapamilactivated a sustainedinwardcationcurrentat negativemembranepotentials. The same

effectswerefoundwith individualchannelsindetachedoutside-out patches,and againwere independent

of the concentrationof free Ca2+ used inthe pipettesolutions. Conductanceand selectivityof the cation

outwardrectifiersare unchangedby the drugs.

The resultsoutlined aboveshow 1) that the cationoutwardrectifiersinAmaranthus tricolor are

not typicalCa2+-dependentchannels,and 2) that allof the Ca2+-channelblockerstestedabove 1 pM

had directeffects uponthe activityof K+-selectivechannelsinthe plasma membrane.

1) Terry, B.R., Tyerman, S.D., Findlay,G.P. (1991) J. Membrane Biol. 121,223-236
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MODULATION OF MECHANOSENSORY Ca 2+ CHANNELS BY TEMPERATURE

Ding, Jiu Ping and Pick_ , BarbaraG.

Biology Department, Washington University, St. Louis M0 63130-4899, USA

Gating of associations of mechanosensittve Ca2+ cochannels in the plasmalemma of onion epidermal

cells (1) has a strong and unusual temperature dependence (2). Tension-dependent activity rises steeply as

temperature is lowered from 25oc to about 6°C, but drops to a low level at about 5°C (Fig. A,B). Under the

coudivions tested (2 mM Mg2+ at the cytosolic face of outside-out membrane patches, 1 mM Ca2+ at the

mural face, and 100 mM KCI at both faces), promotion results both from more bursting at all linkage levels

and from longer duration of bursts of cochannels linked as "multiplets', primarily quadruplets and

quintuplets. Conductance decreases linearly, and only modestly, with temperature (Fig. C,D). We propose

that these and closely related mechanosensitive channels participate in a variety of responses to temperature,

including thermonasly, thermotropism, hydrotropism, and both cold damage and cold acclimation.

I. Ding, J.P. and Pickard,B.G. (1992) Acoepted subject to revision by TheP/antZ
2. Dtng, J.P. and Plckard,B.G. (1992) Submitted to The P/ant Z
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AUXIN AND pH MODULATE EPIDERMAL MECHANOSENSORY Ca 2+.SELECTIVE

CHANNELS IN ONION; AUXIN ADDITIONALLY ACTIVATES K + CHANNELS

Ding, Jiu Ping and Pickard,BarbaraG.

Biology Department, Washington University, St. Louis M0 63130-4899, USA

AUXIN EFFECTS. In isolated patches of cell membrane from the epidermis of onion (AIlium

cepa) bulb scales, the natural auxin indoleacetic acid (IAA) influences two cation channels.

The first is an abundant mechanosensitive Ca2+-selective cation channel which may be viewed as a

complex made up of linked or linkable cochanneis (1). Sensitivity to membrane tension is modulated by Vm.

The channel selects Ca2+ over K+ when both ions are presented together so that, given the activities of the

two ions believed to prevail in the wall and given the normal strongly negative Vm of the ceils in viva, this

channel will serve importantly in gating Ca2+ entry.

Due to the inferred Ca2+ recognition process, the channel passes relatively small and spikey

currents when presented predominantly with Ca2+. However, the channel is better permuted by K+ when

this ion is presented separately: current bursts are larger and of longer duration. Taking advantage of the

more readily assessed K+ currents, we have shown that IAA modulates the sensitivity of the channels to

mechanical stimulation. Application of 1_M IAA yields up to ten-fold promotion of mean current through

the collective channels of the patch.

The second channel influenced by IAA is a K+ channel. Its gating is not influenced by Vm or

membrane stretch, and the channel is inactive in the presence of high Ca2+ at the cytosolic but not mural

face of the membrane patch.

Application of 0.5-1/_M IAA increases K+ channel activity; no observations have been made above

this concentration. IAA also modestly increases apparentsingle-channel conductance.

The influences of IAA on the two channels appear to constitute two means by which the hormone

exerts physiological actions; in particular, the influences appear to parallel those reported by Loros and Taiz

(2) on plasmolysis and deplasmolysis of the epidermal tissue.

pH EFFECTS. E.xtracellularpH modulates stretch sensitivity of the Ca2+ selective channel but does

not sensibly influence K+ channel activity. Within a physiologically realistic range, sensitivity of the

mechanosensory channel decreases with increasing acidity. Insofaras IAA can promote acidification of wall

space in growing cells, it may be speculated that pH and IAA modulations of the mechanosensory channel

might participate in a feedback cycle regulating mechanosensory Ca2+ signalling.

1. Ding, J.P. and Pickard,B.G. (1992) Accepted subject to revision byPlant J.
2. Loros, J. and Taiz.,L. (1982) Plant Sci. Lett. 26, 93-102.
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CHANGES OF K. UPTAKE THROUGH PLASMA MEMBRANE INDUCED
BY SPERMIDINE IN ROOTS OF MAIZE PLANTS

Grego,S " '.,eCesare*,F.,de Agazio,M.**

* DipartimentodiAgrobiologiae Agrochimica- Universit/tdellaTuscia,Via S.
Camillo de Lellis- 01100 Viterbo,and *" Istitutodi Radiobiochimicaed
EcofisiologiaVegetali- C.N.R.Area dellaRicerca,Via SalariaKm 29 - 00016
MonterotondoScalo(Roma),Italy

3d oldmaize seedlingswere grown for 18h in CaS04 solutionin the
presence or absenceof $permidine(Spd)up toI raM.Plantstreatedwith $pd
have a biochemicaland hystologicalbehavioursimilartostressedplants(1).
In fact,a higher phenolicpresence,increasedoxidaseactivitiesand reduced
growth of rootswere found in $pd-treatedseedlingscompared to untreated
ones.

A comprehensive analysisof K. uptake in rootsof intactplants,in
freshly cut (To) and washed root segments (washing is known to restore K.
uptake levelto thatof intactrootsbefore cutting)(Table I),both from
controland $pd-treatedtissues,suggeststhatthe increasedK. uptakeshown
in $pd-treatedtissuesatToisdue toan increaseofK.uptakeinrootsofintact
plants.Itisstillunknown why K. uptakeofwashed segments from treated
rootsdoes not resemblethatof correspondingsegments in intactplants,as
occursin controlseedlings.

Data reportedin thiswork are concerned with some experiments
carriedout to know the time course of $pd effecton K+ uptake in intact
plants at differentSpd concentrations.In addition,we report that the
activatedK+ uptakeactivitycausedby $pd isbalancedby a parallelincrease
ofK+ effluxfrom roots.

Table 1

Treatments ($6Rb.)K* uptake(tLmolg-IFW h-l)

Freshly cut Washed Intact

seg me nt s segment s roots

Control 0 6; 1.43 1.37

Spd 1 mM 217 2.03 3.57

(I) M. de Agazio, R. Federico, R. Angelini, F. De Cesare and S. Grego.
Spermidine pretreatment or root tip removal in maize seedlings: effects on
K. uptake and tissue modifications in root subapical segments. Planta,
submitted.
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EXPRESSION OF AN OUTWARD REctifYING POTASSIUM CHANNEL FROM MAIZE

mRNA AND cRNA IN XENOPUS OOCYTES

Cao, Y., AnderovL M., Crawford, N. M. and Sc_, J. L

Depsrunent of Biology, UniverskT of California, San Diego, La JoUa, CA 92093-0116

Two major types of potassium channels have been _bed in plant c_lls. One type is responsible for

potassium influx upon membrane hypcrpolarization and the other type is responsible for potassium efflux upon

membrane depolarization (I, 2). We have applied the hemmlogous expression system of Xawp_ oocyw, s (3) with

an eleclrophysiologir_ assay for analysis of plant potassium channel _ expre_on. Injection of poly (A) + mRNA

frommaizeroo_ and_o_ andinjectionof cRNAfroma maizee_n h'br_ inducedthe formationof an

o_ r_ring _I in Xenop_ oocy_ (figure and refmmce 4). This outwa_ rectifying channel was selective

for K., voltage- and time--hi, accrual at potentials more positive than -40mV and did not inactivate during

900 ms sl_nuL_on. _ pn_penies are _ to those of ou_e_dly rectifying K. currents recorded _,om higher

plant cells u_ng the whole-cell coafigur_on of the palch-cl_np l_ique (I, 2).

Our svat_es show that Xe_pus oocy_ can be used as an expression system for the functional identification

and isolation of plant powsium channel genes as well as for furore _adies on the reL_ion between the slrucmre and

fun_oa of plant ion
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Fisure.: (A) Expr_ion of outward currents in Xenopu$ oocy_s injected with ma/zc shoot ¢RNA, upon

depolarizationfroma _Id/ng potentialof -60mY.03)Meanof outwsrdcurnmtsof clINAinjectedoocytcs (fdlecl

sqwes) oruninjectedoecym (opensquint) asa functionof membr_epomntid.

1 Schroeder. J. L, Rashly, IC and Neher, E. (1987) ProcJVatl. Ac.z_ SoL USA 84, 4108-4122

2 Schroed_, J. I. (1988) .I. Gen. Physiol. 9'2, 667-683

3 Gundetsen, C. B., Miledi, R. and Park_, L (1984) Nat_e 308, 642-645

4 Cao, Y., Anderova, M., Cmwford, N. M. and Schroeder, J. L submilxe_!
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ISOLATION AND PATCH-CLAMPING OF ROOT H: R PROTOPLASTS SHOWS "r'HE

PRESENCE OF INWARD- ".,ECq'IF_. _ "- K + CHANNEL _RJRRENTS

Gassnmtm,W. and Schrtmd_, J. I.

Departmentof Biology and Center for Molecular Genetics, University of California, San Diego, La JoUa, California

92093-0116

Despite the central role of K+ as a macmnutrient for higher plant growth, the molecular mechanisms of

transmembraneuptakeof K+ remain largely unknown.Studies on Viciafaba guard-cellprotoplastshave suggested

that inward-rectifyingK+ channels can provide a mechanism for low-affinity K+ uptake (I, 2). To further test the

general validity of this hypothesis, we have developed a method to specifically isolam protoplasts fromroot hairs of

wheat (Triticum aest/vum), as roothairs representa central uptake site for mactonutrientsunder naturally occurring

conditions (3, 4). By modifying a recentlypublished method (5) we obtained root hairprotoplastsamenable to pau:h-

clamp studies. Preliminary results from protoplasts in the whole-cell configuration show voltage-dependent

activation of an inward currentat hyperpolarizing potentials with activation half-times of 50 to 100 ms (Figure).

TailcurrentanalysesshowthatthiscurrentiscarriedbyK +.Furthm"experimentsarebeingpursuedtocharacterize

theinwanlcut_ntandtheroleitplaysinlow.affinityK+ tqDkebymothaircells.

IL@

HOUR.E: Whole-cell inward currents m
p,t theplasmamembrane of a roothair

L protoplast. The voltage was held/Vh = -40mV at -40mV and steppedtomorenegative
0 .............. potentialsinI0 mV increments.The iomc

contentsof thebathsolutionwere (m
mM): 10 KCI, 2 MgCI2, I CaCI2.
adjustedtopH 4.5withl mM HCf.The
pipettesolutioncontained(inmM): I(30
KGIu,4 MgATP, 2 MgCI2,2 EGTA, I0
Hepes,and2.6KOH atpH 7.2.

_Vp= -1._mV

me .,, =&o

I. Schroeder,J.I.,Raschke,K.andNeher,E.(1987)Proc.Nat.Acad.Sci.USA 84,4108.4112.

2. Schroeder,J.I.andFang,I-LH.(1991)Proc.Natl.Acad.$ci.USA 88,10983-10987.

3. Kochian,L.V.andLucas,W. J.(1983)PlatoPhysiol.73,208-215.

4. Glass,A.D.M. (1989)PlantNumrDn,anIntroductiontoCurrentConcepts(JonesandBartlettPublishers.
Bor,.on/PortolaValley), 55-56.

5. Elzenga, J. T. M., Keller, C. P. and Van Volkenburgh,E. (1991) Plant Physiol. 97, 1573-1575.
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ION CHANNELS IN THE PLASMA MEMBRANE OF ARABIDOPSI5:

ROLE IN LIGHT-INDUCED VOLTAGE CHANGES

EdgarP. Spalding, Adam Bertl, and MaryHelen M. Goldsmith

Department of Biology, Yale University, P.O. Box 6666, New Haven, CT 06511

A characterization of the plasma-membrane ion channels in Arabidopsis mesophyll cells was

viewed as a prerequisite for studies of their physiological functions as well as useful background

for anticipated molecular-genetic studies. By recording single-channel currents from inside-out

patches, the selectivities and open-channel current-voltage (Io-Vm) relationships of four distinct

channel-types were determined. A summary of their lo-Vm relationships and recordings of each

channel-type are shown in Fig. 1. One of the channel-types transports K + and Na+ but not Cl"

(A in Fig. 1), two are selective for K + over Na + and Cl" (B and C), and a fourth is a Cl"

channel (selectivity presently unknown) that is stretch-activated (D). Details concerning all but

the Cl" channel are in press (1).
Fig. 1 Open channel current (Io) plotted

u_,) / versus membrane voltage (Vm) for four

"[[_[, _,l.,I,,j_LI_]_L_ _l ]'I° _" _ channel-types in the plasma membrane ofJ' s Arabidopsis. Single-channel records in
"'" , ,,7/ upper left are labeled with the same

I "" "_ •..._ _...r-_ ,,,_'-W_u'_ letter as the lo-Vm curve for that
c ...__._,.,.,.,...,-,_.___.,-_--._ , channel-type. The position of the letter
¢'"_ a on the curve corresponds to the voltage at

°'"--'_J=__, -'_." _--'"-,r/ ",c which the displayed channel traces were
_._ _, ." • ......._--" _ • recorded. Dataarefrominside-out

vm_mv_ patches with 220 mM KCI in the bath
o and 50 mM KCI in the pipette. EK= -38

?¢ / 4 mY.(- - -) totheleftofthechanneltraces denotes closed-channel current.

Membrane voltages of -150 to -200 mV were measured in intact leaves. White light (25 W.

m "2) induces a transient 30-70 mV depolarization. The same light treatment activates at least

two channel-types (B and C) in cell-attached, but not excised, patches. Activation of these

channels could depolarize the membrane as far as the equilibrium voltage for K+. DCMU, an

inhibitor of photosynthetic electron transport, inhibits the light-induced changes in Vm. We will

present evidence that a photosynthetically-produced metabolite activates the K+ channels which

participate in the light-induced voltage transient. Thus, the activity of ion channels in the

plasma membrane of Arabidopsis mesophyll cells can be influenced by cellular metabolism.

Reference

1. Spalding, E.P., Slayman, C.L., Goldsmith, M.H.M., Gradmann, D., Bertl, A. Plant Physiol.,
in press.
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ION CHANNELS IN THE PLASMA MEMBRANE AND TONOPLAST OF Arabidopsis

thaliana CULTURED CELLS

Colombo,R. and Cerana,R.

Department of Biology, University of Milan, Milan, Italy

Ion channels were studied, by means of the patch clamp technique in the

"whole-cell" configuration, in protoplasts and vacuoles isolated from

cultured cells of A. thaliana, material of choice due to the ease in

obtaining mutants that, if altered in transport mechanisms, could be a useful

tool for studying transport processes and their regulation.

In the protoplasts two types of time- and voltage-dependent currents are

observed: hyperpolarization-activated inward rectifying currents (1) and

depolarization-activated outward rectifying currents. The inward currents

are carried by K* and other monovalent cations (permeability sequences K* -

NH4* > Na* > Li .) and inhibited by 10 mM TEA*, a K* channel blocker. The

outward currents are carried by K* or C1" depending on the concentration ratio

of the two ions in the external medium; in the cation conducting state the

permeability sequence is K* = NH4* > Na . - Li* > Cs ., in the anion conducting

state C1" and nitrate have the same permeability.

In the vacuoles time-dependent hyperpolarization-activated inward rectifying

currents, carried by K* and other monovalent cations (K* = ammonium = Na* =

Li . > Cs* > Cl" = nitrate) are observed.

Besides, time-dependent currents, activated by depolarizations in protoplasts

and by hyperpolarizations in vacuoles and similar from this point of view to

those described above, are carried by polyamines (putrescine, spermine,

spermidine) (2}.

Finally, work is in progress on the effect of changes in temperature on the

activity of the plasma membrane and tonoplast channels.

1. Colombo,R. and Cerana,R. (1991) Plant Physiol. 97, 1130-1135.

2. Colombo,R., Cerana,R. and Bagni,N. (1992) Biochem. Biophys. Res. Commun.
182, 1187-1192.
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DIRECT EFFECTS OF Ca2.-CHANNEL BLOCKERS UPON THE ACTIVITY OF K'-

SELECTIVE CHANNELS IN THE PLASMA MEMBRANE

Terry, B.R., Tyerman, S.D." and Findlay, G.P."

Dept of Pharmacology, University of Cambridge,Tennis Court Rd, Cambridge, CB2 1OJ, UK

'School of Biological Sciences, Flinders University, Bedford Park, South Australia 5042

Ca2.-channel blockers are known to affect a wide range of processes in plant cells. Here we show

that organic and inorganic blockers, used at concentrations greater than I _M,affect directly the activity of

K+-selective channels in the plasma membrane of Amaranthus tricolor protoplasts. These effects are not

mediated by the blockade of Ca2+ channels.

The blockers tested included 1,4-dihydropyridines (nifedipine, nicardipine), verapamil, bepridil and

the inorganic ions Gd3+ and La3.. They were applied to whole-cell and detached outside-out patches of

plasma membrane at concentrations from 50 nM to 100 _M. The concentration of Ca2. on the cytoplasmic

side of the plasma membrane ([Ca2*]_) was clamped at either 50 nM or 500 nM by use of pipette solutions

buffered with Ca-EGTA (10 mM, in some instances 40 mM).

The principal currentsto be observedin whole-cellsare due to the activityof cationoutward

rectifier channels(1). Each of the blockerscausedan immediatereductionof the time-dependentoutward

currentsat dosesas low as 1 p.M. Concentrationsfor 50% reductionof current rangedfrom 1.5 IJ.M

(verapamil),5 p.M(bepridil & Laa+) to 70 p.M(nifedipine). Each produceda different, but reversible,

kineticblock of the outwardcurrentwhichwas independentof the levelof [Ca2.]_. In addition,verapamii

activateda sustainedinwardcationcurrentat negativemembranepotentials. The sameeffectswerefound

with individualchannelsin detachedoutside-outpatches,andagainwere independentof the concentration

of free Ca2. usedin the pipette solutions.Conductanceandselectivityof the cationoutward rectifiersare

unchangedbythedrugs.

The results outlined above show 1) that the cation outward rectifiers in Amaranthus tricolor arc not

typical Ca2*-dependent channels, and 2) that all of the Ca_'-channel blockers tested above 1 _Mhad direct

effects upon the activity of K.-selective channels in the plasma membrane.

1) Terry, B.R., Tyerman, S.D., Findlay, G.P. (1991) J. Membrane Biol. 121, 223-236
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CLONING OF A POTASSIUM CHANNEL GENE IN ARABIDOPSIS THALIANA

WITH A DEGENERATE OLIGONUCLEOTIDE PROBE

Ketchum, K.A. and Siayman, C.W.

Department of Genetics, Yale University School of Medicine, 333 Cedar Street, New Haven,

Connecticut, 06510-8005

Voltage-dependent potassium channels from various eukaryotic cells have similar

electrophysiological and pharmacological characteristics and share common structural motifs.

In the family of K+ channels that contain six potential membrane spanning segments, two

regions are highly conserved: the voltage-sensor, $4, and the pore region which links the

fifth and sixth transmembrane segments ($5 and $6). $4 is typified by a series of positively

charged amino acids that are situated at every third position along the transmembrane

sequence. The channel pore is characterized by a central peptide, TMTTVGYGD, which is

present in Shaker-like K+ channels and is partially conserved in the more distantly related

Sio and Eag proteins (1).

To search for homologous genes in Arabidopsis thaliana we designed a degenerate

oligonucleotide corresponding to the TMTTVGYGD peptide sequence. A genomic library was

screened at low stringency and positive plaques were purified by subsequent rounds of

hybridization. The isolates were separated into two groups based upon the stringency at

which the filters were washed. A 2.7 Kb EcoRI fragment from the high-stringency clone

PCAT14 (Potassium Channel Arabidopsis thaliana) was subcloned into Biuescript and

partially sequenced.

PCAT14 contains a continuous open reading frame that encodes the sequence

SYYLIADRYPHQGKTWTDAIPNFTETSLSIRYIAAIYWSITTMTTVGYG DLHASNTIEMVFITV

$5 $6

This segment includes the conserved pore motif TMTTVGYGD, bounded by hydrophobic

regions that are likely to constitute the fifth and sixth membrane spanning segments. Work

is in progress to isolate a full-length cDNA clone corresponding to this genomic sequence.

1. Atkinson, N.S., Robertson, G.A., and Ganetzky, B. (1991) Science 253:551.555.

Supported by NSF postdoctoral fellowship DMB-9008322 to KAK and NIH research

grant GM15761 to CWS
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Outward and inward K* currents in protoplasts from cultured tobacco cells

Bert Van Duijn _ Dirk L. Ypey 2,Lock G. Van der Molen _,Kees R. Libbenga t

1. last. of Mol. Plant Biol., Dept. of Botany, Nonneasteeg 3, 2311 VJ Leiden and 2. Dept. of Physiology,

P.O.Box 9604, 2300 RC Leiden, The Netherlands.

Ion channels in the plasma membrane of protoplasts isolated from cultured cells of Nicotiana

tabacum were studied in the whole-cell configuration of the patch-clamp technique.

Besides an important role in osmoregulation and salt uptake, ion channels likely also are

essential components of signal transduction pathways. E.g., the plant growth hormone auxin

induces fluxes of different ions (e.g., H', K ., CI"and Ca2"). Therefore, the study of ion channels

will contribtue to the understanding of signal transduetion pathways in plant ceils. To investigate

the role of ion channels in auxin signal tranduction we performed experiments on protoplasm

from suspensions of a Nicotiana tabacum L. ev Bright Yellow cell line grown in LS-medium

containing 8.8x10"_ M 2,4D at 25"C in the dark. Protoplasts were prepared by overnight

incubation in a solution (about 10 g wet weight cells/150 ml) containing 0.24 M CaCI2, 0.05

g/150 ml eellulase and 0.005 g/150 ml maeerozyme. The extracellular solution consisted of

(raM): 10 KCI, 2 MgCI2, 1 CaCI2, 1 KOH, 10 Mes (pH 5.5) with osmolarity set with mannitol

at 1010 or 570 mOsm. The pipette (= intraeellular) solution consisted of (mM): 100 K-

gluconate, 2 MgCI2,0.45 CaCI2, 1.1 EOTA, 4 MgATP, 3 KOH, 10 HEPES (pH 7.0), osmolarity

set at 708 mOsm with mannitol.

At least two different ion condutances could be detected in whole-cell voltage-damp

experiments. An outward rectifying conductance and an inward rectifying conductance. From

ion substitution experiments we found that both conductanees were mainly selective for K. ions.

Activation of the conductanees was voltage and time dependent. The outward as well as the

inward current did not show inactivation. The outward current activated for membrane

potentials more positive than 0 mV with a sigrnoidal time course upon step-wise changes in the

holding potential. The inward current activated at potentials more negative than about -70 mV

and showed an exponential like activation time course. The outward current was found in about

100% of the protoplasts, while the inward current was only present in about 30% of the

protoplasts tested (36 protoplasts tested). The outward current could be inhibited (partly) by

potassium ion channel inhibitors such as TEA and quinidine. The inward current was inhibited

by 1 mM BaCI,.

In future experiments the effects of auxin (applied both extra-and intracellularly) on these

conductances will be tested.
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NON-ENZYMATIC PLASMA MEMBRANE ACCESS OF _D!CAGQ ROOT HAIRS

THROUGH LASER MICROSURGERY.

Kurkdjiana, A., Leitzbc, G., Manigaulta, P...-larimb, A, and Greulichb, K.O.
a Institutdes Sciences V6gt_tales,CNRS, 22 Avenue de la Terrasse, F 91198 Gif-sur-Yvette, France

b Physikalisch Chemisches Institut der Universitltt Heidelberg, Neuenheimer Feld 253, D-6900 Heidelberg,
Germany

c Zellenlehre, Fakultat fur Biologic, Universi_t Heidelberg, Neuenheimer Feld 230, D-6900 Heidelberg, Germany

The study of the membrane properties of individual plant cells in situ requires the complete removal of

the cell wall. The standard approach is the use of enzyme cocktails for the preparation of protoplasts (1). However,

there is increasing evidence indicating that enzymes have deleterious effects on membrane properties (2-6) and

physiology of protoplasLs(5,7). Here, we used the UV laser microbeam technique (8) to perforate the cell wall of

root hairs from Medicago saliva under plasmolyzing conditions. This approachgives direct access to the plasma

membrane. Since plasmolysis creates an osmotic stress on plant cells by decreasing membrane fluidity (2,9) and

modifying the membrane potential (10), different conditions for obtaining a gentle plasmolysis without disturbing

the physiology of the root hairs have been tested. The results of the experiments indicated that when a slow wad

progressive plasmolysis is achieved, cytoplasmic streaming is maintained during the whole process, root hairs

continue to develop and the plants to grow after being deplasmolyzed and cultured on an appropriate medium.The

opening of the cell wall with the laser microbeam induces an immediate movement of the protoplasma and the

partial or complete extrusion of the cell content. The movement of protoplasma depends on the calcium

concentration of the extracellular solution. In these conditions, the laser micropefforation technique gives direct

access to a small area of a few I.tm2 of plasma membrane in situ, The formation of protoplasts or subprotoplasts

can also be monitored. Metabolic activity and membrane integrity of the protoplasts were tested by fluorescein

diacetate staining. Microscopic examination revealed organelle movement and the presence of a nucleus. The plasma

membrane was free of cell wall as shown by Tinopal staining. This laser technique should be suitable to prepare

native plant material for patch-clamp studies in conditions where (i) the interactions between the cell wall and the

plasma membrane are not totally ruptured, and (ii) the cellular polarity and the cell to cell interactions through

plasmodesmata are maintained.

1. Galun, E. (1981) Annu. Rev. Plant Physiol. 32,237-266,

2. Morris, P., Linstead, P. and Thain, J.F. (1981) J. Exp. Bet. 32,801-811.

3. Ishii, S. (1987) In vitro Cell Dev. Biol. 23, 653-658.

4. Browse, J., Somerville, C.R. and Slack, C.R. (1988) Plant Sci. 56, 15-20.

5. Hahne, G. and Lt_rz,H. (1988) J. Plant Physiol. 132,345-350.

6. Dugas, C.M., Quanning, L., Khan, I.A. and Nothnagel, E.A. (1989) Planta 179, 387-396.

7. Chen, Q. and Boss, W.F. (1990) Plant Physiol. 94, 1820-1829.

8. Weber, G. and Greulich, K.O. (1992) Int. Rev. Cytol. 131, 1-41.

9. Furtula, K.A., and Walker, N.A. (1989) Prec. Natl. Acad. Sci. 87, 6532-6536.

10. G_ring, H., Polevoy, V., Stahlberg, R. and Stumpe, G. (1979) Plant and Cell Physiol. 20, 649-656.
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THE HIGHER ORDER HINKLEY-DETECTOR FOR THE ANALYSIS OF

PATCH-CLAMP DATA

Itoland Schultze, Silke Draber, UlSPeter Hansen

Institut fiir Angewandte Physik, Universit_t Kiel, Leibnizstr. 11, DW-2300 Kiel 1, Germany

Improving temporal resolution in patch-clamp studies results in a strong increase of noise. This requires

more powerful methods for the detection of transitions between different levels of current. A better perfor-

mance as compared with threshold detectors was achieved by the Higher Order Hinkley-Detector (H.O.H.D.),

which utilizes nonlinear filter algorithms. The analysis of simulated noisy data reveals a relationship between

signal-to-noise-ratio, temporal resolution and the occurrence of false alarms. Under the condition that no

false alarms occur, the H.O.H.D. provides a shorter temporal resolution. It leads to a significantly mo_e

exact estimation of the durations of the detected events (1). Another benefit of the H.O.H.D. is the sharp

cutoff between missed and detected events which makes the theoretical treatment of missed events easier.

The H.O.tt.D. was applied to patch-clamp studies of the caesium block of the pota_ium channel from

tonoplast vesiclesof Chara corallina at a sampling rate of 100 kHz with the anti-aliasing filter set to fads = 25

kHz. The new detector enabled the detection of very short opening and closing phenomena with time

constants of 20 to 100/zs (2).

A difficult and time-consuming task during the analysis of patch-clamp data is the determination of the

closed- and open-levels of pipette current. Errors in this stage of the analysis distort the results of the

H.O.H.D. or other detection algorithms which are based on the prior knowledge of the levels.

In order to obtain an on-line correction of the levels, the distributions of the amplitudes assigned to a

certain level by the H.O.H.D. are calculated. A forgetting factor is introduced in order to track drifting

levels. Statistical testing of mean and variance of these distributions opens the possibility of readjusting the

levels if they turn out to be not quite correct.

1. Schultze, It., Draber, S., 1992, A nonlinear filter algorithm for detection of

jumps in patch-clamp data, J. Membrane Biol., submitted

2. Draber, S., Schultze, It., Hansen, U.-P., 1992, Fast switching and coupled exci-

tation of the Cs+-blocked K+-channel in tonoplast vesicles of Chara corallma

as directly resolved in the time series of pipette current, This conference
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PATCH-CLAMP STUDIES ON ELODEA LEAF PROTOPLASTS.

1. EFFECT OF HIGH PH.

Miedema _. H., dc B,x:r:, A,H.. Vogclzang _, ,_. and Prins _, H,B.A.

1) Dept, of Plant Biology, Univcrsily t,[ Gr_mingcn, 9750 AA Harcn, The Netherlands.

2) Faculty of Biology. Vrijc Universitcit, Dc Boclclaan 1087, 1081 HV Amsterdam, The Netherlands.

The plasmalcmma o[ the polar leaves of Elodea (1) exhibits a pH-dcpendent proton pcrmeabill-

ly (PH.), at high pH. PH. increases (2,3). Using the patch-clamp we tried to detect possible pH-induccd

H'-currcnts across the plasma membrane of the EIodea protoplast.

Soluliotls (in raM)

Pipette: 50 NaCI, 0.33 CaCl_, 2.04 MgCI2, 1.37 EGTA (pCa 2°=7) and 10 Hcpes/BTP pH 7.5.

Low-pH bath : 50 NaCI, 2 CaCI2, 0.4 MgCI2 and 10 Hcpes/BTP pH 7.5.

High-pH bath: 45 NaCI, 2 CaCI2, 3.1 MgCI2 and 10 CAPS adjusted with 5 NaOH to pH 10.5.

All solutions wcrc supplcmcntcd with 175 mM Mannitoi to a final osmolarity of 275 raM.

Results

Fig. 1 shows the IV-curves obtained at low pH. Currents wcre measured 4 s after the start of the pulse,

departing from a holding potential (V,) of either 0 (a) or -175 mV (b). Repeating the experiment at

high pH rcsullcd in Ihc IV-curvcs of Fig. 2. Now, changing V, from 0 mV (a) to -175 mV (b) resulted

in a parallel shift o1"the IV-curve in upward direction; the reversal potential changed from -30 to-90 inV.

o.2s F-- .... ,.oo

Fig. 1. I _b Fig. 2. b......_
O.13 0.50 ..//

_
--0.13 -'_._

--0.25 ' ' _ - 1.00 _
- 100 -50 0 50 0O - 100 -SO 0 50 100

V ImVl V tmV1
Conclusions

The results were interpreted in terms ol" experimental evidence for the existence of H ° conducting

channels in the Elodea plasmalemma. At h_gh external pH, the activation was increased at negative

potentials, while the de,activation at more positive potentials was relatively slow and resulted in the

observed shift of the IV-curvc after changing V,. At symmetric pH (7.5), changing VH did not change

the IV-curve.

1 Prins, H.B.A., Sncl, J.F.H. and Hcldcr, R.J. (1982) Plant, Cell and Environ. 5, 207-214.
2 Miedema, H. and Prins, H.B.A. (1991) Can. J. Bot. 69, 1116-1122.

3 Micdema, H., Felle, H. and Prins, H.B.A. (1992) J. Membrane Biol. in press.
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_SPORT PROCESSES IN THE PLASMALEMMA OF

PLANTAGO ROOT PROTOPLASTS: A PATCH CLAMP STUDY

Vogelzang, S.A., Lan/ermeijer, F.C. and Prins, H.B.A

ECOTRANS Dept. o/ Plant Physiology, University o/Groningen, 9750AA Haren, The Netherlands.

Plamago media and P.maritima were used as a model for the study of transport mechanisms present

in the plasmalemma of root cells. The two plants differ in their strategy towards sodium stress. Cytoplasmic

sodium is transported either to the vacuole or to exttacellular spaces. The patch clamp technique allows for

measurements of electrogenic processes mediated by ion channels and proton pumps. The selectivity,

conductivityand kineticsof ion channels have mainly been investigated in theplasmalemma of rootprotoplasts

d Plantago media. Hyperpolatisation0aypac)and depolarisationactivated (depac) ion channelswere measured

in cell attached patch (CAP) and outside out patch (OOP) conIigurations. A 20-30 pS depac potassium

conductance was dominantly present in most patches. This ion channel activates upon depolarising potential

steps. Hyperpolarisating potentials deactivate the channel and generate an inward current which displays a

typical flickeringbehaviour thus causing a significantdecrease in mean open andmean closed time. The values

oI the Pr,/Pa and P_PN, permeability ratios are respectively 60 and 20 or higher. This indicates a high

specificityof the channelfor potassium.It is therefore unlikely thatsodiumionsare transportedvia this channel.

_risme I Measurements in WC-configuration (P.media)

Whole cell (WC) measurements of P.media (Fig.l) were in agreement with the single channel

measurements as they also were dominated by a large inward outward potassium conductance which only

deactivates at potentials more negative then the potassium Nernst potential (_). This conductance was present

in both species, however P.maritima displayed another large conductance which is not fully characterised

yet. The gating characteristics of the potassium conductance is potassium dependent. The WC conductance

is half maximal at _. This is fully in agreement with (in vivo) microelectrode measurements, in which the

membrane potential (V,,,) is highly Ek dependent.

A strong transport process can be evoked by addition of fusiccocin (FC). In vivo experiments exhibit

a typical response for FC: A hyperpolarisation o[ the Vm(1), a large proton efflux (2) and a potassium

influx(3). The hyperpolarisation of Vmindicates that a change has occurred in the typical potassium dependence

of V,,. This would require either a significant increase in pump activity or a reduction of the potassium

conductance. Detailed information can be obtained with patch clamp techniques. Preliminary measurements

indicate that FC induces a decrease in potassium conductance at low cytoplasmic ATP levels.
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_NNEL IN XENOPUS O(X_YTES

Daniel P. SchachlmanI, Julian I. S_r 1, WilliamJ. Luc.,as2, Julie A. Anderson3, RichardF. Gaber3

1Department of Biology and Center for Molecular Genetics, University of California, San Diego, La Jolla, CA

92093-0116

2Delxulment of Botany,University of California,Davis, Davis CA 95616

3Deparlmentof Biochemistry, MolecularBiology and Cell Biology, NorthwesternUniversity, Evanston,IL 60208

ThischaracterizationoftheKATI cDNA inXenopualaev_oocyteswasinitiatedtodeterminethe_c function

oftheproteinencodedbyKATI. Two ArabidopsisthalianacDNA clonesKATI andAKTI (I)wererecently

isolatedbasedon theirabilitytofunctionallysubstitutea K+ transporterinSaccharomycescerevisiae(2).Large

inwardcurrentswereactivatedbyhylxal_olarizationofthemembranepotentialtovaluesmorenegativethan-102_.+

13mV inoocytesinjectedwithmessengerRNA synth_ fromKATI cDNA (Fig.IA).Currentswerenot

activaledbydepolarizingpulsesinKATl-injectedoocytes(Fig.IS).TheKATl.mecfmtedcurrentswerereducedby

approximately70% when I15mM KCI inthebathsolutionwas replacedwithI15mM RbCI orNI-14CI.The

hYlgrPolarizafion-inducedcurrentswerereducedbyapproximately90% whenKATl-injectedoocyteswerebathedin

NaCl,LiCIorCsCL Tetraethylammonium(TEA+)andbariumreversiblyblockedtheinwardcurrenLThe single

channelconductanceoftheKATI inward-rectifyingK+ channelwas34pS with115mM K+ ontheextraceUular

membranefide.The voltage-andtime-depondentactivation,ionicselectivity,blockageby TEA + andBa2+ and

singlechannelconductanceoftheKATl.mediatedcurrentestablishthatthiscDNA encodesaninward-rectifyingK.

channelsimilartothosefoundinhigherplants(3).KATI isthefirstinward.rectifyingK+ channeltobeidentified

inplantsandanimals.

A. B. membrane potential (mV)
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Figure 1 (A) Currentswa'e elicitedin responseto hyperpolarizingpulsesfrom a holdingpotentialof -60 mV ,n
oocytesinjectedwithKATI mRNA with 115mM K+ inthebathingmedium.(13)Currentsat theendof 1.5second
pulsesareplottedasa functionof appliedvoltagepulse potentials.

I.Anderson,J.A.,Huprikar,S.S.,Kochian,L.V.,Lucas,W. J.,andGaber,R.F.(1992)Proc.Natl.Acad.5c,
U.S.A.89,3736-3740;Sentenac,H.,Bonneaud,N.,Miner,M.,Lacroute,F.,Salmon,J.,Gaymard,F.and
Grignon, C. (1992) Science 256, 663-665.

2. Ramos, J., Contreras,P. and Rodriguez-Navarro,A. (1985). Arch. Microbiol. 143, 88-91;
Ko, C. H. and Gaber, R. F. (1991) Mol. Cell. Biol. 11, 4266-4273.

3. Schroeder,J. I., Raschke, K. and Neher, E. (1987) Proc. Natl. Acad. Sci. U.S.A. 84, 4108-4112.
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ASYMMETRIC DISTRIBUTION OF IONS BETWEEN EPIDERMAL AND

MESOPHYLL CELLS IN BARLEY LEAVES

Roger A. Leigh_and Richard Storey_

_Biochemistry and Physiology Department, AFRC Institute of Arable Crops Research, Rothamsted

Experimental Station, Harpenden, Hertfordshire AL5 2JQ, UK; and _CSIRO Division of Horticulture,

Private Mail Bag, Merbein, Victoria 3505, Australia

X-ray microanalysis was used to determine the distributions of several nutrient elements between

vacuoles of epidermal and mesophyll cells in barley leaves and the distributions were then related to the

concentrations of these nutrients in the shoots. Under the growth conditions used, phosphorus was found

only in mesophyUvacuoles, never in the epidermis. In contrast, chloride and calcium were located almost

exclusively in the epidermis while potassium and sodium were more evenly distributed between the two cell

types. The compartmentation of calcium and chloride in the epidermis was maintained over a wide range

of tissue concentrations of these ions. In particular,chloride was excluded from the mesophyUof salt-grown

barley until the tissue chloride concentration reached about 170 mM and then it appeared in the vacuoles

of these cells but only at low concentrations. In contrast, sodium was not excluded from the mesophyll of

salt-grown or potassium-deficient barleyand there was evidence that this ion was preferentially accumulated

in the mesophyll. The results conf'trm published results indicating substantial differences in the ionic

composition of different leaf cells (1, 2) and further indicate that the distributions are sensitive to nutrient

supply and salinity.

The accumulation of only certain nutrientsin the vacuole of mesophyll cells indicates that these cells

exert control over the nutrients they absorb from the transpiration stream. Presumably mechanisms exist

for excluding chloride and calcium from the mesophyUand thus they are absorbed by epidermal cells. This

would suggest that mesophyli cells havea very efficient calcium extrusion system since the negative electrical

potential across the plasma membrane provides a very strong driving force for uptake of this ion. Similarl_

they may lack an active chloride transport system which would be necessary for the accumulation to chloride

above the low concentrations which passive transport against this membrane potential would permit In

contrast, epidermal cells presumably lack the active calcium extrusion system but have an efficient calcium

transport system at the tonoplast in order to effectively compartment this ion in the vacuole. In addition the_

presumably also possess an active chloride uptake system.

1. Huang, C.X. and van Steveninck, R.F.M. (1989) Plant Physiol. 90, 1440-1443.

2. Boursier, P. and L/iuchli, A. (1989) Physiol. Plant. 77, 537-544.
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Abstract

Ion channels .he inner chloroplast envelope membrane

M. Schwar2 and R. Wagner

Universiti_ Osnabriick, Fachbereich Biologie/Chemie, Postfach 44 69, D4500 osnabri_ck, Germany

During illumination of chloroplast the stromal pH rises by 0.5 to 0.1 units. This stromal alkalization

acts as a regulatory mechanism to facilitate optimal light adaptation of photosynthesis. Due to the pH

dependence of the carbon cycle enzymes the regulation of the pH gradient across the chloroplast

envelope is important for optimal carbon fixation [1,2]. The mechanism by which the proton gradient

across the chloroplast envelope in the light is maintained remains elusive. It has been postulated that

_ a electrogenic ATPase and a monovalent cation channel may be involved in the regulation of K+ and

H + fluxes across the chloroplast envelope [2,3]. In reconstituted chloroplast envelope membranes an

ion channel with preferential cation permeability and a conductance of 200 pS has been reported

previously [4].

Our goal was to identify components of the system in the inner chloroplast envelope membranes

which performs regulation of ion fluxes across the inner envelope membrane. For this we conducted

electrophysiological studies with the inner chloroplast envelope membrane reconstituted into

liposomes in order to characterize possible ion channels in the envelope membrane. Patch clamp

measurements on giant iiposomes containing reconstituted spinach envelopes and measurements in

planar bilayers containing the same inner envelope membrane from spinach chloroplasts were

performed. Both techniques revealed the same results, they show that the inner chloroplast envelope

membrane contains at least two different types of ion channels, one class of channels mainly

permeable to anions and another one mainly permeable to cations. The cation channels revealed a

high conductance state of 120-180 pS and a low conductance state of -- 10-30 pS in 30 mM - 100 mM

KCIat pH 7, while the anion channel revealed open channel conductance of -- 60-80 pS. Both, :nion

and cation channels showed a complex gating behavior, i.e. subconductance levels and flickering. The

cation channels were completely blocked by the local anesthetic lidocaine (2Diethylamino-N-[2,6-

dimethylphenyl]acetamide) and their gating was stronglyeffected by Mg2+ and Ca2+.

References

1 Werdan, K., Heldt, H.W. and Milovanev, M. (1975) Biochimica et Biophysica. Acta 396, 276-292.

2 Peters, J.S. and Berkowitz, G.A. (1991) Plant Physiol.95(4), 1229-1236.

3 Maury,W..I.,Huber, S.C. and Moreland, D.E. (1981) Plant Physiology.69, 719-728.
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THE EFFECT OF SALT-INDUCED MEMBRANE VOLTAGES ON THE

ENERGETICS AND KINETICS OF THE ULTRA-FAST ELECTRON
TRANSFER REACTIONS OF PHOTOSYSTEM II

andKenneth Sauer
ChemicalBiodynamicsDivision, LawrenceBerkeleyLaboratoryandDcpamnent of

Chemistry,University of California,

CA 94720, U.S.A.

Acrossthethylakoidmembraneofspinachchloroplastsa diffusionpotentialofdefined

magnitudecanbecreatedbyrapidchangesintheKCIconcentration(salt-jumps).Theanalysis

ofsalt-inducedelectrochromicabsorbancechangesindicatesthatthemagnitudeofthis

diffusion potential is given by the Goldman equation. The resultingelectric field leads to an

increasein the yield of photosystem II (PS II) fluorescence for positive membranevoltages -

positive in the innerthylakoid space - and a decrease for negative membrane voltages (Dau

and Sauer, 1991, BBA 1098, 49-60).

Now we have studied this phenomenon by measurement of picosecond fluorescence

decays. Based on the kinetic PS II model of Schatz et al. (1988, Biophys. J. 54, 397-405),

the fluorescence decays were interpreted in terms of the rate constants of primary charge

separation(formationof reactionceniercation radicaland pheophytinanion radical),primary

charge recombination(recombination of primarybiradicalto chlorophyll singlet state) and

secondary charge separation (reduction of primary quinone acceptor). For increasingly

positive thylakoid voltages, the results are indicative of a relatively small but significant

decrease in the rate constant of primarycharge separation (by about 8 % per +100 mV

thylakoid voltage) and a much larger increase (by about 50% per +100 mV) of the rate

constantof primarycharge recombination. The free energy difference of the primaryradical

pairwas found to change by 17 meV per 100 mV thylakoidvoltage.The relation between the

rateconstantofprimary charge separationand the free energydifferenceappearsto be linear
withintheaccessiblerangeof freeenergychanges (-15 meV to +22 meV); the rateconstantof

primarycharge separationincreases withincreasingly negative freeenergydifferences by 6%

per 10 meV. This free energy dependence is compared with calculations for different

semiclassicalandquantummechanicalmodels of electrontransferreactions.
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MULTI-BARRELLED ION-SELECTIVE MICROELECTRODES FOR INTRA- AND

EXTRACELLULAR MEASUREMENT OF NH4 +, NO3-, K +, H +, AND
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Multi-barrelled ion-selective microelectrodeswere fabricated in which two barrels contained liquid

ion exchange resins (LIX) for specific ions, and an additional barrel served as a local potential-sensing

electrode. In the past, electrical cross-talk between adjacent high impedance ion-selective barrels has

made the use of multi-barreled ion-selective microelectrodes problematic. This difficulty was eliminated

by filling alternate barrels in a seven-barrel anangement (Fig. 1). Initially, the tip of a seven-barrelled

micropipet was dipped into low viscosity cyano-acrylic glue, while the barrels which would become the

three sensing barrels were pressurized. This step served to fill the alternatebarrels and interstial spaces

with a non-conducting solid, thereby increasing the impedancebetwen the ion-selective barrels.

Subsequently, each LIX was front-filled into the appropriate barrel; contamination of the previously

filled barrel was prevented by maintaininga positive pressure m the finished barrel while applying

suction to the barrel being filled. A four-channel,high input impedance (1015fl) differential

electrometer was constructed and connected to a data acquisitionsystem. The system could be directed to

sample each channel sequentially and repeatedly over a specified time period.

With this system it was possible to determine simultaneouslynet fluxes of a variety of ions, by

measuring their activity gradients in the unstirred layer of solution immediately external to the root

surface. Alternatively, intnacellulm"ion concentrationscould be determined and the specific subcell'ular

compartment (cytoplasm or vacuole) identified by the pH value recorded from a H +-selective barrel.

lnterfence by K+ in the NH4+ microelectrode could be corrected by determining the [K+ ] using a

K+-selective microelectrode and recalculating [NH4+] using the potentiometric selectivity coefficient

(K/ji'°t) for NH4+ over K+.

Fig. 1. A schematic of a seven-barrel microelectrode. The tips of the four shorter barrels (i. e.,

three outer barrels and the central core) are Idled with cyano-aerylic glue as depicted by the dark
shading. One of the longer barrels contains NH4+-selective liquid ion exchanger, another
contains NO3"-selective liquid ion exchanger, and the last contains a salt solution and serves as a
local reference electrode.
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SELECTIVE MICROELECTRODE TECHNIQUES TO INVESTIGATE THE

ELECTROPHYSIOLOGY OF POLARITY ESTABLISHMENT IN HIGHER PLANTS
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New cell polarity is established in cells adjacent to a wedge-shaped

wound in pea roots (i) and in cells at the proximal end of the Graproperalum

leaf base following leaf detachment (2). These changes in cell polarity, the

timing of which differs between the two systems, precede and initiate wound

repair and organogenesis, in pea roots and Graptoperalum leaves, respectively.

We have used a comparative, quantitative approach using two non-injurious

techniques, to investigate both extracellular net ion currents and specific

ion fluxes during the initial stages of polarity establishment in these two

higher plant systems. In both cases, the vibrating probe technique revealed

that very large extracellular ion currents are localized specifically at the

sites of future cytomorphological changes in cell polarity (3, 4). Using the

ion-selective microelectrode technique, we established that a large Ca2+

influx is a component of the net ion currents measured, and that in both plant

systems it is a dynamic flux which is inhibltable by antagonists of membrane

transport of Ca2. (4, 5). K+ and H+ fluxes measured using this same technique,

were found to be smaller and relatively steady after leaf detachment in

Graproperalum (4). In contrast, dynamic fluxes of K+ (large efflux) and H+

(small influx) were recorded after wounding in pea roots (5). Finally, a

quantitative comparison of the summed ion fluxes with the net ion currents

revealed that Ca2+, H+ and K+ transport appears to account for the major

electrogenic fluxes during the initial 12 hours after Grap=opetalum leaf

detachment (4), but in wounded pea roots, ion fluxes other than those measured

in this study, must occur after wounding (5).

I. Hush, J.M., Hawes, C.R. & Overall, R.L. (1990) J. Cell. Sc_. 96, 45-63.

2. Hardham, A.R., Green, P.B. & Lang, J.M. (1980) Planra 149, 181-195.
3. Hush, J.M. & Overall, R.L. (1989) Biol. Bull. 176(S), 56-64.

4. Hush, J.M., Overall, R.L. & Newman, I.A. (1991) Plan_, Cell & Environ.
14, 657-665.

5. Hush, J.M., Newman, I.A. & Overall, R.L. (1992) J. Exp. Bog. submitted.



163

DETERMINATION OF INRACELLULAR K+ IN PLANT PROTOPLASTS USING THE

FLUORESCENCE PROBE PBFI.

Undberg,S.

Department of Plant Physiology,Swedish Universityof AgriculturalSciences, S-750 07

Uppsala,Sweden.

A tetra(acetoxy-methyl)esterof the potassium-bindingbenzofuran isophthalat, PBFI-AM,

was used to determine the concentrationof free K+ in cells and protoplastsisolated from

rootsand shootsof youngbadey plants (Hordeum vulgare L. cv. Kara). After loadingcells

with an acetoxymethylester of the dye, the esterase activityin the cytoplasmof the cells is

supposed to split the ester to an ion-bindingacid form and thereby change the exitation

spectra (1). Using ratio imaging microscopy(2,3) the fluorescenceintensitywas measured

at the exitationratio 340/380 nm. Using protoplastsfrom shoots,or roots, the fluorescence

was increasedand stable after 2 hours' incubationwith the dye at 4°C in Tris' bufferat pH

5.5. A 5 hours' incubationtime was needed at pH 7.0. With the exception of sieve tubes,

intactcells of barley took up onlysmall amountsof PBFI-AM.The dye distributedthroughout

the cytoplasmof the protoplastsbut concentratedin the nucleussimilarUyto smoothmuscle

cells (4).

At increaseof the external K+ the fluorescenceratio was increased probably due to net

transport of K+. The K+ transport was faster into root protoplasts than into shoot

protoplastsand was still increasingat 20 mM K+ when the transport mechanismof shoot

protoplasts was saturated. The free K*-concentration of root protoplasts from plants

cultivated at 10°C was lower than *,hat of protoplasts from plants grown at 20°C. The

opposite result was obtained with sieve tubes from roots, which contained more free K+

afterthe plantshadbeen grownat 10°C than at 20°C.

1. Cobbold,P.H. and Rink,T.J. (1987) Biochem. J. 248: 313-328.

2. Tsien, R.Y. and Poenie, M. (1986) Trends Biochem. Sci. 11,450-455.

3. Bright,G.R., Fisher,G.W., Rogowska,J. and Taylor, D.L. (1987) J. Cell Biol.
104:1019-1033.

4. Moore, E,D.W., Minta,A., Tsien, R.Y. and Fay, F.$. (1989) Biophysical J. 55:471a.
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MEASUREMENT OF INTRACELLULAR FREE MAGNESIUM IN PLANT

CELLS USING MAGNESRJM-SELECTIVE MICROELECTRODES.

HV Coombs, D Sanders and AJ Miller

Department of Biology, University of York, Heslington, York, YO1 5DD and Biochemistry and

Physiology Department, Rothamsted Experimental Station, Harpenden, Hefts, AL5 ZIQ, U.K.

It is increasingly apparent that a central role is played by magnesium in the intermediary metabolism

of all cells. Several key compounds, including ATP and inorganic pyrophosphate, form complexes with

the magnesium ion and these are subsequently utilised as substrates in numerous enzymatic reactions.

Moreover some enzymes are also activated by the binding of Mgz+ to a specific regulatory site or to the

active site itself. Hence cytosolic free magnesium is important in determining the thermodynamic poise

and kinetics of the various reactions. This involvement of Mga. in cell physiology implies that the free

ion concentration is homeostatically controlled and thus regulation of the Mg2* transport at the plasma

membrane and/or the tonoplast must occur.

Direct measurement of the intracellular concentration of free magnesium is important for an

understanding of transport regulation and enzyme cofactor activity. The application of improved

ionophores in the manufacture of magnesium-selective microelectrodes presenting a potentially

accurate method for such measurements. Neutral carrier sensors ETH 5214 and ETH 4030

incorporated into a PVC-based membrane matrix have been utilised in fabricating double-barrelled

microelectrodes, the electrodes have tip diameters of approximately 1raft with a resistance of 10Mfl

when filled with 100 mol.m "3KC! solution. Potassium is the most important interfering ion at

physiological concentrations. The electrodes made with ETH $214 and ETH 4030 have detection limits

of about 0.2 and 0.07 moi.m "3for Mg2. respectively, in the presence of 120 mol.m "3K..
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LIPID-SOLUBLE ORGANIC CATIONS ENTER FUNGAL CELLS PRIMARILY IN

ELECTRONEUTRAL FORM

AntonioBallarin-Denti1, HideoKuroda2, & CliffordL. Slayman3

1instituteof AgriculturalChemistry,Universityof Milan, Italy;2Departmentof Biology,Toyama University,

Japan;3Dept.Cellularand MolecularPhysiology,Yale Schoolof Medicine,New Haven,CT

Background, We reportedpreviously(pp. 79-80 in "PlantMembraneTransport",ed. J. Dainty et al.,

1989) that lipid-soluble organic cations such as tetraphenylphosphonium (TPP+) and tetraphenyl-

arsonium(TPA+) do not distributeinequilibriumwith the plasma-membranevoltage (Vm) in intactfungal

cells. They cannot, therefore, be generallyused as voltageprobes. These ions do distributepassively

into liposomes,but onlyto a limit of -150 mV (vesicleinteriornegative; i/o conc.ratioof -300). With intact

cells of Saccharomyces or Neurospora, however, the ratios rarely reach above 20 (-75 mV), despite

directly measured Vm's beyond-200 mV in Neurospora. Spuriousbinding of the ions makes accurate

kineticdescriptionof their uptake mechanism(s)difficultat low concentrations(< 100 14M),but becomes

less significantat highconcentrations(>1 mM). We havethereforeexaminedthe mechanismof TPP + and

TPA+ entry into Neurospora usingextracellularconcentrationsof 1-30 mM.

Methods. 3H-TPP+ and 3H-TPA+ were countedindried, solubUizedpelletsfrom suspensioncultures

of wild type (RL21a) Neurospora. Net fluxesof Na+ and K+ were determinedby flame analysisof acid-

extracted pellets; and net fluxes of H+ were measured with a glass electrode in lightly buffered cell

suspensions(2 mM dimethylglutaricacid, pH 5.8; 3 mM HEPES, pH 8.2). Vrn'Swere measuredwith (1 M)

KCI-fUled penetrating electrodes, and resistances were computed from simultaneous current- and

voltage-pulsedata on two (or 3) independentelectrodes insinglehyphal"cells".

Results. EIg,CP_.Under mostconditions (differentPHoand [Ca++]o; rapid mixing), initialinfluxesof

TPA+ or TPP+ were directlyproportionalto extracellularconcentration,with maximalrateswell above 100

mM/min (ram= mmoles/kgcellwater) for 20 mM [TPP+]o, highpHo (8.2), andzero added Ca++. Uptake

was logarithmicintime,with an apparentrateconstantof 0.5-0.6/min,but leaving(afterca. 5 rain)a residual

steady influx near 10% of the initialrate. Ca. 70% of uptakewas balancedbyeffluxof K+ or Na+ from the

cells,but there was no inducedeffluxof H+ ions,either transientlyor insteady-state.

Voltage and resistance. Neurospora depolarized inTpP+ or TPA+ at all concentrationsabove 1

mM, but with highlyvariabletime courseand extent, except for first trialswiththe highestconcentrations

(20-30 mM). During rapid admissionof 20 mM TPP+ (flow rate of 20 chamber-vols/min),depolarization

was roughlylogarithmicin time and coincidedwith decay of the cytoplasmicATP concentration. During

slower flow, however, multiple components were vIsible, especially a rapid initial drop of 50-70 mV

accompaniedby a 30% increaseof membraneconOuctance(Grn).The impliedleakage currentswere 6-8

IJA/cm2, correspondingto fluxesper unitvolumeot --12 mM/min. Subsequentphases of depolarization

were all accompaniedbydecreasing Gin.

Discussion. There is no single simple interpretationof these results,but the small initialdepolar-
ization and current, the large effluxes of Na+ and K+, and the absence of measurable net H+ efflux

(membrane currentprovidedby the protonpump) all indicatethat only a small fractionof TPP+ or TPA+

influxcan occurelectrophoretically.It followsthat the largerfraction of influx mustoccur electroneutrally,

either in exchangeforcytoplasmiccations(Na+ or K+ ?)or byco-influxwith unidentifiedanions.
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SIGNAL TRANSDUCTION I_NSTOMATAL GUARD CELLS: BIOCHEMICAL, OPTICAL

AND ELECTROPHYSIOLOGICAL APPROACHES.

M.D. Fricker I, M.R. Blatt2 and N.S. White3

I Department of Plant Sciences, University of Oxford, South Parks Road, Oxford, OX1 3RB, UK.

2 Department of Biological Sciences, University of London, Wye College, Wye, Kent, TN25 5AH.

3 Department of Zoology, University of Oxford, South Parks Road, Oxford, OXI 3PS, UK.

Cytosolic calcium ([Ca2.]i, protons ([IV]i) and membrane potential (Era) interact to give integrated

control of a number of ion transporters on the plasma membrane and tonoplast of stomatal guard cells during

opening and closing movemenls. Unambiguous interpretation of the sequence and significance of events during

responses to external stimuli demands simultaneous measurement of these parameters in vivo, and identification

of the transduction pathways that link them to key effectors on the plasma membrane and tonoplast in vitro.

Fluorescent probes allow measurement of dynamic changes in ion concentrations in guard cells. Dyes

whose spectra alter on binding to the ion permit fluorescence ratio analysis (FRA) which automatically

compensates for variation in dye concentration, dye leakage and photobleaching. Combination of FRA with

confocal scanning laser microscopy (CLSM) provides the optimum for quantitative fluorescence measurements.

Our most recent advance has been development of dual-excitation dual-emission confocal ratio.imaging to allow

simultaneous measurement of [Ca2.]i and [H+]i . Confocal optical sectioning also excludes signal from dye in

the electrode used for injection, which can remain in place during fluorescence measurements. Simultaneous

electrophysiological measurements are also possible therefore, lontophoretic microinjection and voltage-clamping

ideally requires triple-barrelled electrodes for controlled current injection. We have initiated combined

electrophysiological and optical measurements in guard cells of Commelina and Vicia.

Changes in [Ca2.] may act directly or link into additional signal transduction systems through

Ca2+-binding proteins such as calmodulin and protein kinase cascades. Calmodulin has been identified

immunologically in guard cells, whilst a several bands are phosphorylated in vitro by endogenous kinases. A

number of potential candidates for regulation by phosphorylation have been identified by immunological

detection on Western blots after SDS-PAGE, including the plasma membrane and tonoplast IV-ATPases and

PEP-carboxylase. Co-localisation of phosphorylation and antibody detection on 2-D gels is underway but has

been hampered by the low number of GCP that can be routinely isolated. Detection of phosphorylated

intermediates on acid gels has indicated the presence of two P-type ATPases with characteristics similar to

Ca2.-ATPases in other systems. Their identity and sub-cellular localisation awaits further clarification.
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SP'ULATION OF THE DIFFUSION OF ION OM A PERFUSED

P/ CH PIPETTE INTO A GUARD-CELL PK _ t OPLAST AND

EXPERIMENTAL VERIFICATION OF DIFFUSION TIMES

l_ttner, F. and Rasc_e, g.

Pflanzenphysioloqisehes Institut and Botanischer Gartan der Universitit G6ttinqen,

Untere KarspQle2,W-3400G6ttingen,Germany

Wewished to determine equilibration times for ion distribution in a guard-cell protoplast after the

composition of the solution in a perfused pipette had been changed (N_R and ECKERT1988). A model was

constructed in which a conical pipette was attached to a spherical protoplast (r-8 9m) containing a

vacuole (r-7.5 #m). Changes in concentration were computedfor this system in response to a change

within the pipette in an area 100 #m from the the tip. A time course was computedwith K+ as the

diffusing ion. The concentration at the pole of the protoplast opposite to the tip of the pipette

changed with an effective time constant of 3.14 s. The distribution of K+ in the cytoplasm was fairly

uniform. For Ca2+, EGTA,and qluconate, the time constant was estimated to be 32 s. In a verification

experiment, replacementof Cl" by gluconate occurredwith a time constant of 76 s .

Experimentswithperfusedpipettesallowedto demonstratea shiftin activityof K+ inwardchannelsby

Ca2+ (SCHROEDERandHAGIWARA1989)in oneandthesamecell,includingthereversibilityof theCa2"

effect.

The simulation showedin the whole-cell configuration

(i)thattheconcentrationequilibrationofionsofthesizeofCa2+requires2 to3 rain,

(2)thatthepipettetipisthemajorresistance(confirmingI_SCHandMEHER1988),and

(3)thatthedistributionof ionsinthecytoplasmisfairlyuniform.

PUSClt,N. andNEHER,E.(1988) PflQgersArchiv 411, 204-211

I/EtlER,E. andECKERT,R. (1988)Eds.A.D. Grinnell, D. ArmstrongandM.B. Jackson;PlenuaPuplishing

Corporation,371-377

5CHROEDER,J.I. andHAGIWARA,S. (1989)Mature338, 427-430
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ANION CHANNELS IN THE PLASMALEMMA OF GUARD CELLS:

A SLOW ONE EXISTS BESIDES THE FAST ONE AND IT CAN BE

ACTIVATED AT LOW MEMBRANE POTENTIALS

Linder, B. andRaschke,K.

PflanzenpbysioloqischesInstitut und BotanischerGartender UniversitAt C_ttingen,

Untere Karsp(Xle2, w-34o0c&ttingen, Germany

Stonatal closure requires salt efflux from the guardcells and this, in turn, requires a depolarization

of the plasnaleua in order to activate the voltage controlled channels for the outward-boundflow of K+

andanions. Althouqhthe anion channels of 9uard cells described so far (1,2) will ultimately contribute

to the depolarization, they cannot initiate it because they the|selves require a depolarization of the

plasnalena to values aboveabout -80 nVin order to becomeactivated. This threshold will in mostcases

be abovethe equilibrium potential for K+.

¢h_ard-ceUprotoplasts were prepared from epidermal fragments obtained by mincing leaves of

and _ faha in a blender (3). The patch-clnp technique was used to measurewbole-cell

currents andto record sinqle-channel activities.

Wediscovered in solutions containing Cs+ (in order to suppress currents of K+), with liCronolax Ca2+ in

the cell, CI" channels that were characterized by activity at nelbrane potentials as low as -180 nVand

by slow activation kinetics.

Whereasthe fast activating channels of L faha described before had a rise time of about 10 and 20 as

at -40 and -60 mY,respectively (4), the ne_ly found CI" current required about 20 s at a potential of

-180 nV to reach a steady state; at +60 nV a steady state was not reached even after 90 s (after a

holdinq potential of -200 mY).

In sinqle-channel recordings the fast anion channel had a lean opentime of about 2-4 ms, the slow one a

meanopen time of about 1 s.

Wesurest that the slowly activatinq anion channel has an importantfunction in stoaatal closure.

i.Keller,B.U.,Hedrich,R.,Rascbke,K.(1989)Nature341,450-453

2.Hedrich,R.,Busch,H.,Raschke,K. (1990)ENBOJournal9,3889-3892

3.Rascllke,K.,andHedrich,R. (1989)Meth._z_. 174,312-330

4.Marten,I.,Lohse,G.,Hedrich,R. (1991)Nature,353,758-762
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IS EXTP_a, CELLULAR CALCIUM REQUIRED FOR THE ACTION OF ABSCISIC ACID

ON STOMATAL GUARD CELLS ?

Lemtiri-chlieh, F.

Department of Plant Sciences, University of Cambridge, Cambridge CB2 3EA, England

Recent studies have shown that ABA induced-rise in cytoplasmic calcium (1,2) was concomitant

with an inward directed current (2). This current was linked to an entry of calcium from the

extracellular medium via non-selective permeable channels (2,3). The time course of this event

occurs in few seconds. The authors (2) proposed that the entry of extracellular calcium is the

initial mechanism of ABA-induced stomatal closure but they do not exclude the possibility of

inositol 1,4,5-trisphosphate stimulated-calcium release from internal stores (4,5,6).

This study investigated the effect of ABA on the inward-rectifying potassium current in the

absence and presence of extracellular calcium. The experiments were conducted on guard cell

protoplasts from V/¢/a faba using the whole-cell patch clamp technique (7).

Regardless of whether extracellular calcium was present or not, ABA was still able to reduce the

inward-rectifying potassium current. However, this decrease was slower in the absence of

extracellular calcium. These results suggest that ABA induced-stomatal closure does not

necessarily require extracellular calcium. Furthermore, the data supports the hypothesis of internal

calcium release by a secondary messenger mechanism (4,5,6).

1. McAinsh, M., Brownlee, C. and Hetherington, A. (1990) Nature (London) 343, 186-188.

2. Schroeder, J.l. and Hagiwara, S. (1990) Proc. Natl. Acad. Sci. USA. 87, 9305-9309.

3. Thiel, G.,MacRobbie, E.A.C. and Blatt, M.R. (1992) J'. Membr. Biol. 125, in press.

4. Blair, M.R., Thiel, G.and Trentham, D.R. (1990) Nature (London) 346, 766-769.

5. Gilroy.S., Read, N. and Trewavas, A..I. (1990) Nature (London) 346, 769-771.

6. Parmar, P. (1991) Ph.D. thesis, University of Cambridge.

7. Hamill. O.P., Many, A., Neher, E., Sakmann, B. and Sigworth, F..I. (1981) PH_gersArch.

391, 85-100.
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ROLE OF CALCIUM IN ABA-[NDUCED STOMATAL CLOSURE

MacRobbie,E.A.C. and Parmar,P.

Deperunentof PlantSciences, Universityof Cambridge.Downing Street,
CambridgeCB2 3EA, U.K.

There is growing evidence for the involvement of changes in cytoplasmic Ca2+ in ABA-induced

stomatal closure, but the relative contributionsof Ca2+influx at the plasmalemmaand release of Ca2+from

internalstores remain to be established.

Early events in the signal transductionchain leading to ABA-induced stomatal closure have been

established by a number of methods. These include electrophysiological methods in whole ceils, by

volUtse,_lamping guard cells of Viola faba and analysing their current-voltagerelations. Thus Thiel,

MacRobbie and Blatt (1) found that opening of a leak channel, which may be a non-selective channel

allowing Ca2. influx, was a very early event in the sequence of changes following ABA treatment,together

with inhibitionof the inwardK. channel.These changes preceded theactivationof the outwardK. channel

Very earlychanges in SeRb+efflux from Commelina guardcells have been observedby MacRobbie(2): the

effects of La_ in the externalsolutionon the ABA-inducedchanges in StRb+efflux, presentedhere, suggest

thatCa2. influxat the plasmalemmacanplay a role in the signallingchain.

However other results presented suggest that internal release of Ca 2+ is involved, Permar (3)

investigated the patterns of labelling of inositoi phospholipids and inositol phosphates, before and

immediately aftertreatmentwith ABA; this was done by labelling 'isolated' epidermalstrips, in which only
guard cells are alive, with myo-[3H]inositol. The results presented suggest that there is turnoverin the

phosphoinositidesignalling pathway within 30 s of ABA treatment. Guardcells can respond to release of

inositol 1,4,5-trisphosphatewithin the cytoplasm, by increasingcytoplasmicCa 2+. by showing the electrical

chimgesassociated with increased cytoplasmic Ca2.. and by stomatJl closure (4,5). Taken together these

resultssuggest that [P3-triggeredrelease of Ca 2. from internalstores forms a pan of theresponse to ABA.

Itis probablethatboth influxof Ca2. at the plasmalemmaandinternalrelease are involved.

1. Blatt,M.R., Thiei, G. andTrentham,D.R. (1990) Nature. 346.766-769.

2.. MacRobbie,E.A.C. (1990)Pro¢. R. Soc. Serae_B, 24[, 214-219.

3 Panner.P. (1991) Ph.D. thesis, University of Cambridge.

4. Thiel, G., MacRobbie,E.A.C. and Blatt, M.R. (1992) Y. Membr. Biol. 125, in press.
5. Gilroy, S., Read, N.D. and Trewavas,A.J.(1990) Nature. 346, 769-771,
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EFFECTS OF G-PROTEIN REGULATORS AND Ca 2. ON OUTWARD K+ CHANNEL

CURRENT IN MESOPHYLL CELLS OF VICIA FABA

Li, W. andAssmann,S.M.

Departmentof Organismicand EvolutionaryBiology,HarvardUniversity,Cambridge,MA 02138

We have used whole-cellpatch-clamptechniquesto identifyanoutward,voltage-dependentK+ currentin

mesophyllcellprotoplastsfrom Vicia faba. With internalsolutioncontaining104 mM K+,2 nM free Ca2+,

pH 7.2 and externalsolutioncontaining 13 mM K+, 1 mM Ca2+, pH 7.2, depolarizationof the membrane

potential (Vm)to voltages> -20 mV induceschannelopening,with averageoutwardcurrentof

approximately500 pA at Vm = +85 mV (n = 6). Currentsare not observedin K+-freesolutions,andare

eliminatedby the K+ channelblocker,Ba2+ (1 raM), implicatingcurrentflowthroughK+ channels.

Introductionof either500 pM GTP_ (a GTP analog)or 500 ng ml"1choleratoxin(a G-proteinactivator)to

the cytosolresults ina declineinoutwardK+ current. Conversely,500 IJMGDPI_S(a GDP analog)causes

a rise inthe current. Cytosolicfree Ca2+ concentrations_ 200 nM cause a decrease inoutwardK+

current, with complete inhibitionat 3 mM free Ca2+. G-proteins(1) and Ca2+ may be elementsof signal

transductionpathwaysmodulatingthe outwardK+ channelof mesophyllcells in Vicia faba.

1. Fairley-Grenot,K. and Assmann,S.M. (1991) Evidencefor G-proteinregulationof inwardK+ channel

currentinguard cellsof lava bean. The Plant Cell 3, 1037-1044.
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IDENTIFICATION AND MODULATION OF A VOLTAGE-DEPENDENT ANION CHANNEL IN THE

PLASMA MEMBRANE OF GUARD CELLS BY HIGH-AFFINITY LIGANDS

Marten*, I., Zeilinger*, C., Redhead§, C., AI-Awqati §, Q. and Hedrich*, R.

*Institut fiir Biophysik, Urdversitit Harmover, Herrenhiuser Sir.2, 3000 Hannover 21, Germany

§Department of Medicine and Physiology, College of Physicans and Surgeons, Columbia University, Eew

York, NY 10032

Anion channels in the plasma membrane of Vicia faba guard cells catalyze the release of aaions during

regulated volume decrease (1,2). Furthermore these channels seem to be involved in the targeting of the

plant growth hormones auxines (3).

We have analyzed the effect of different anion channel blockers on these voltage-dependent anion channels.

Ethacrynic acid, a structural correlate to an auxin, caused a shift in activation potential and simultaneously a

transient increase in the peak current amplitude, whereas the other blockers shift and block the voltage-

dependeat activity of the channel. The capability to inhibit anion currents increase with the sequence:

probenecid < A-9-C < EA < niflumic acid < IAA-94 < NPPB. All inhibitors reversibly block the anion

channel from the extracellular side. Channel block on the level of single anion-channels is characterized by a

reduction of long open-transitions into flickering bursts and a decrease in channel amplitude, indicating an

interaction with the open mouth of the channel. Comparison of dose-response curves for shift and block

imposed by the inhibitor, indicate two different sites within the channel which interact with the ligand.

IAA-23, a structural analog of IAA-94, was used to enrich ligand-binding polypeptides from the plasma

membrane of guard cells. From this protein fraction a 60 kD polypeptide cross-reacted specifically with

polyclonal antibodies raised against anion channels isolated from kidney membranes (4).

1. Keller, B.U., Hedrich, R. and Raschke, K. (1989) Nature 341,450-452
2. Hedrich, R., Busch, H. and Raschke, K. (1990) EMBO J. 9, 3889-3892
3. Marten, I., Lohse, G. and Hedrich, R. (1991) Nature 353

4. Redhead C.R., Edelman A.E., Brown, D., Landry, D.W. and AI-Awqati, Q. (1992) Proc. Nat.Acad.
Sol.USA in press
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KINETICS AND Ca 2+ PERMEABILITY OF K + CHANNELS IN Vicia AND Ze___aa

GUARD CELL PROTOPLASTS.

K.A. Fairley-Grenot I & S.M. Assmann 2,

I. Biological Sciences, AI2, University of Sydney, 2006, Australia;

2. Harvard Biological Laboratories, 16 _ ', _ ' "_. Cambridge, MA 02138.

We have devised a method for the isolat_ _ _ _. cell protcplasts from Ze___aa

(I), and have used whole-cell patch clamp to compare plasma membrane K +

current in guard cell protoplasts of this species and Vic_____afaba. Upon

hyperpolarization of the membrane potential (Vm) to activate inwardly

rectifying K + channels (2), typical steady-state (leak-subtracted) inward K+

currents are -22 /_A.cm -2 in (Ze___!),-40 2uA.cm-2 (Vicia) at Vm=-188 mV in 12

mM external K +.

In both species, we find that K + current activation follows a single

exponential timecourse, where the rate of channel activation is independent of

Vm over the range -128 - -188 mV. Channel activztion is faster in Ze__Aathan in

Vicia: tau at -188 mV = 41Z 5 ms (Ze___a)cf. 141Z 4 ms (Vicia}. These results

indicate that *_ _hannels conducting inward K+ current may be considered to

open from a _ losed state.

We will present evidence that Ca 2+ can permeate these channels (3). After a

hyperpolarizing voltage step has been used to open channels, depolarization of

the membrane results in inward tail current at voltages where there is no

electrochemical force to drive K+ inward. Tail current magnitude and reversal

potential are sensitive to shifts in the electrochemical potential of Ca 2+ but

not of other ions. These channels may therefore comprise part of a regulatory

mechanism for Ca i in Vicia and Ze___aaguard cells. Changes in Ca o and

(associated) changes in Ca i regulate a variety of intracellular processes and

ion fluxes including the K+ fluxes associated with stomatal aperture change

(4,5).

1.Fairley-Grenot,K.A., Assmann,S.M. (1992a) Planta 186:282-293

2.Schrceder, J.I., Raschke, K., Neher, E. (1987) PNAS 87:4108-4112

3.Fairley-Grenot,K.A., Assmann,S.M. (1992b) J. Memb. Biol. (in press)

4.Schroeder, J.I., Hagiwara, S. (1989) Nature 338:427-430

5.Fairley-Grenot,K.A., Assmann,S.M. (1991) Plant Cell 3:1037-1044



174
PHOSPHATASE ANTAGONIST OKADAIC ACID INHIBITS K. CURRENTS IN

INTACT VICIA FABA GUARD CELLS

Thiel,G. *) and Blatt,M.R. 2)

Botany School, cambridge, Downing Street, Cambridge CB2 3EA, UK

present addresses: *)Pflanzenphys.Inst. Untere KarspQle 2, 3400

G6ttingen, FRG; zj Dep.Biol.Sci., Wey Cellege, Wey, Kent TN25 5AH, UK.

We tested the possibility that protein phosphorylation/ dephosphorylation

plays a prominent role in the control of the K. currents which drive stomatal

movement. Intact Vicia faba guard cells were impaled with double-barrelled

electrodes for voltage-clamping (I) and treated with okadaic acid" (OA), a

membrane permeable inhibitor of phosphatase 1 and phosphatase 2A activity

(2). Bathing cells in experimental solution containing OA (200 nM or 1 _M)

typically resulted in a progressing and non-reversible decay of K* currents

through the inward and outward rectifier. In 4 out of 10 cells the treatment

completely abolished K* currents leaving the potential of these cells

comparatively insensitive to changes in [K*]o (Fig.). The inhibition of both

K*-currents followed the same single exponential kinetics. The decay was

preceeded by a lag periode which was variable from cell to cell. In an

alternative approach cells were loaded from the voltage recording pipette

with the synthetic phosphatase inhibitor Naphthylphosphate (ImM) (3). These

experiments gave comparable results in that these cells revealed current-

voltage (I-V) relations with very small inward and outward K* currents.

The results indicate that both K. currents are modulated by a common

mechanism which is linked, possibly indirectly, to protein phosphorylation/

dephosphorylation.
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Fig. Effect of 200 nM okadaic acid on steady-state I-V relation of a Vicia

fab____aaguard cell (in I0 mM KCl, 5mM Ca-Mes, pH 6.1 ) before (<>)and after (in
min V:3; A:9; R :15) adding OA to the incubation chamber. Inset: Membrane

voltage and response to changes in [K']o +OA treatment. Presence of OA
indicated by shaded area. Scaling: horizontal 3 min, vertical 40 mV. Solid
bars indicate times of I-V scans with symbols cross referenced to I-V data.

"'OA was a generous gift by Prof. P. Cohen, Dundee University, UK

(i) Blair, M.R. (1988) J.Membr.Biol. 102, 235-246.
(2) Cohen,P.; Holmes,C.F.B. & Tsukitani,Y. (1990)Trens Biochem. Sci. 15,

98-102.

(3) Pondaven,P. & Meijer,L. (1986) Exp. Cell Res. 163, 477-488
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CALCIUM CONDUCTANCES IN THE PLASMA MEMBRANE OF VICIA FABA

GUARD CELL PROTOPLASTS

Cosgrove, Daniel J. and Hedrich, Rainer
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In orderto resolve small calcium currentsacross the plasma membraneof guard cells with high

resolution, we used the patchclamp techniqueon protoplastsof Viciafaba guard cells in the whole-cell

mode, using solutions in which calcium was the only permeantion (30 mM calcium glucuronate in the

bath and 150 mM N-methyl glucamine glucuronatein the pipette). Under these conditions, the plasma

membrane initially exhibited a ratherflat current-voltagerelationship, with an outward currentof 3-5 pA,

similar to the protonpumpcurrentidentified previously [1]. Without nucleotides in the pipette, this

outwardpump currentdecayed with a halftime of about30 s, and as it randown, a new, inward-directed

conductance arose, reaching a high, stable conductance3-5 rain afterpatchbreakthrough. This current

was voltage dependent, with a maximum currentof -6 to -20 pA at -200 mV and droppingto zero current

as the membranepotential rose to -60 to -40 inV. The inward currentwas reversibly inhibited by

replacement of external calcium with NMG, indicating it was a calcium current. The currentwas

principally comprised of channel currentsof small amplitudeand long duration(0.1 pA and 100 to 500

ms at -120 mV). Superimposed on this basal currentwas an additionalchannel currentof higher

amplitude, shorterduration,and low open probability(l pA and 1-5 ms mean open time at -120 mV; see

ref [2]). When channel blockers were applied to the external bath,only flunarizine (100 _ was fully

effective at blocking the low-amplitude calcium current. Verapamilandnifedipine (up to 1 raM) were

ineffective, as was TFP (10 I.tM)applied to the cytoplasmic side of the membrane. Lanthanum (1 raM)

exerted only a samll (35%) inhibition on the small-amplitude current,whereas it fully blocked the high

amplitude current,as did 1 mMgadolinium.

These results, in concert with earlier work. argue formultiple, calcium-permeableconductances

in the plasma membraneof guardcells with varymg b:ophysical andpharmacologicalproperties. The

coordinate decay of the H+ pump currentwith the appearanceof the small-amplitudecalcium

conductance suggests thatthese two membrane o'ansportersmay be regulated in opposite directions by

common cytoplasmic factors.

[1] Lohse, Gand R. Hedrich. 1992. Activation of the guard cell plasma membrane H+-ATPase of
Vicia faba by plantgrowth regulators. Planta (in press)
[2] Cosgrove, D.J. and R. Hedrich. 1991. Stretch-activatedchloride, potassium, and calcium
channels coexisting in plasma membranesof guardcells in Viciafaba L. Planta 186:143-153
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MODIFYING REAGENTS AND MONOCLONAL ANTIBODIES

Bettey, M. and Smith, J.A.C.
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Malate is one of the most widespread solutes in plant vacuoles,

playing an important role in charge balance and turgor maintenance in many

species. Malate transport into the vacuole seems to occur by an

electrophoretic mechanism, driven by the inside-positive membrane potential

generated by the tonoplast H + pumps (the H+-ATPase and H+-PPiase). In

plants showing crassulacean acid metabolism (CAM), the transport pathway

for malate across the tonoplast is provided by an inward-rectifying,

malate-selective ion channel (J.A.C. Smith et al., these proceedings).

To study the biochemical properties of this transport system, malate

transport by tonoplast vesicles has been screened for its sensitivity to a

wide range of potential inhibitors using a membrane filtration assay.

Covalent modifiers of positively charged amino groups, such as diethyl

pyrocarbonate (a histidyl reagent), phenylglyoxal (Arg) and pyridoxal

phosphate (Lys), strongly inhibited malate uptake. Substrate-protection

experiments indicated that one or more lysine residues may form part of the

malate-recognition site of the channel.

A library of monoclonal antibodies has also been raised in mice against

the tonoplast membrane from mesophyll cells of the CAM plant Kalancho_

daigremontiana. From 97 cell-line supernatants that crossreacted with

tonoplast membrane in enzyme-linked immunosorbent assays (ELISA), several

monoclonal antibodies have been identified that significantly inhibit

malate transport. These antibodies are now being used to characterize the

malate channel further at the molecular level.



177
VACUOLAR CALCIUM CHANNELS

Angie Gelli, Omar I toja and Eduardo Blumwald
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Free calcium in the cytoplasm of plant cells is important for the regulation of many

cellular processess and the transduetion of stimuli. Control of cytoplasmic calcium involves the

activity of pumps, carriers, and possibly ion channels. The patch-clamp technique was used to

study Ca_+ channels in the vacuole of sugar beet cells (1). Vacuolar currents showed inward

rectification at negative potentials, with a single channel conductance of 40 pS, and an open

probability dependent on membrane potential. These channels could participate in the regulation

of cytoplasmic calcium by sequestering Ca_+ inside the vacuole. Another type of calcium

channels were recorded at positive membrane potentials. These outward rectifying currents were

increased in the presence of Bay K 8644, a Ca_+-agonist (2). These outward currents would

allow the release of Ca_+ from the vacuolar storage pool to the cytoplasm, providing a means

for the elevation of cytoplasmic Ca_+ concentrations.

1. Pantoja, 0., Gelli, A. and Blumwald, E. (1992). Science in press,

2. Hess, P., Lansman, J.B. and Tsien R.W. (1984). Nature 311:538-544.
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CHARACTERIZATION OF VACUOLAR MALATE AND K+ CHANNELS UNDER

PHYSIOLOGICAL CONDITIONS

Omar Pantoja, Angle Gelli and Eduardo Blumwald
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Patch-clamptechniques were employed to study the electrical properties of vacuoles from

sugar beet cell suspensions at physiological concentrations of cytoplasmic '_lcium. Vacuoles

exposed to potassium malate revealed the activation of instantaneous and time-dependent outward

currents by positive membranepotentials. Negative potentials induced only instantaneous inward

currents. The time-dependent outward currents were ten times more selective for maF"than for

K+ and were completely blocked by zinc. Vacuoles exposed to KCI only developed instantaneous

currents when polarized to positive or negative membrane potentials.

Our results clearly show that at physiological Ca2+_ (10-'_M), the time-dependent

outward channels are active beyond F._,,. thus providing a pathway for the movement of mal2

into the vacuole. A similar role has been confered on the inwardrectifying cation channels (1,2),

although the activity of these channels has only been observed at unphysiological levels of Ca2+,y_

(10-3 M) and at more negative potentials than _. (1). In addition to the physiological

conditions in which the time-dependent outward channels are active, their higher selectivity for

mal2 than for K+, suggests that these channels are a possible pathway for the movement of mal2

into the vacuole than the inward rectifying channels. Malate inside the vacuole could act as a

counterion for K+ and concomitantly, also be involved in mechanisms of cellular

osmoregulation.

I. Hedrich, R. and Neher, E. (1987) Cytoplasmic calcium regulates voltage-dependent ion

channels in plant vacuoles. Nature 329: 833-836.

2. Pantoja, 0., Dainty, J. and Blumwald, E. (1989) Ion channels in vacuoles from

halophytes and glycophytes FEBS Lett 255: 92-96.
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PH AND CA 2+ MODULATE THE ACTIVITY OF ION CHANNELS IN THE VACUOLAR

MEMBRANE OF GUARD CEL. - POSSIBLE INTERACTION WITH CYTOPLAS'.tIC

CALMODULIN

B. Schulz-Lcssdorf and R. Hedrich,

Institut ffir Biophysik der Universitit Hannover, Herreahauser Str. 2, 3000 Hanaover 21, Germany

The predominant ion channel in the vacuolar membrane of guard cells from Viciafaba has been investigated

with respect to its modulation by [H+], [Ca2+] and CaM using the patch-clamp technique. SV-type currents

were recorded at hyperpolarising membrane potentials (negative inside vacuole) in the whole vacuole

configuration. Single SV-type ch_Lnels (1) were resolved in isolated membrane patches. Single-channel

analysis revealed a slope conductance of 274±30 pS (in 200 ram KCI). This ion channel is permeable for

both, cations and anions, indicated by the relative permeability ratio PK : Pcl -- 2-4 :1. 100 _M Zn2+ on the

cytoplasmic side of the membrane was found to completely block the SV-channel within a few seconds in a

reversible fashion. Thereby the amplitude of the single-channel current remained unaffected. Application of

DIDS known to block the SV-type channel in sugar beet vacuoles did not block the guard cell channel.

In further experiments the modulation of the SV-type channel in guard cells of Vicia faba was compared to

that of sugar beet tap roots (2). Although the origine of vacuoles strongly differ, the effect of voltage and

ligands was comparable. Increasing the cytosolic proton level decreased the channel activity, whereas it was

increased by the elevation of the cytoplasmic calcium concentration. The rise in the cytoplasmic calcium-

concentration shifted the activation potential towards positive membrane potentials. Additionally, vacuoles

were incubated with CaM in order to test whether Ca2+ sensitivity of the channel is increased in the presence

of cytoplasmic CaM. In agreement with the stimulating effect of CaM W-7 (3) imposed a flickering block on

SV-type channels (Ki = 4 /zM). W-7 block was reversible and did not change the single-channel

conductance. On account of their high sensitivity to cytoplasmic factors the SV-type channels lend

themselves to identification of the control of ion release in the vacuole of higher plants.

1 Hedrich et al., 1988, Bot. Acta 101, 7-13
2 Hedrich and Neher, 1987, Nature 329, 833-835

3 Gilroy, Hughes and Trewavas, 1987, FEBS 212(1), 133-137
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Ca 2. MOBILIZATION

Johannes, E. andSanders, D.

Biology Department, University of York, York YOI 5DD, UK.

Elevation of cytosolie free Ca2. plays a key role in stimulus-responsecoupling in plant

cells anddigital imaging of Ca2+ dyes in intactcells suggests that the vacuole is a majorsite of

Ca2+ release into the eytosol [1]. In additionto inositol 1,4,5 trisphosphate (InsP3)-elicited

Ca2+ release we have recently discovered an alternativepathwayfor Ca2+ mobilization from

the vacuole via a voltage-gated channel [2]. The single channel propertieshave been investiga-

ted in isolated vacuoles from sugar beet taproots with the patch clamp technique.

In biionic conditions (Ca2+ on the vacuolarside, K+ on the cytoplasmic side) single

channel currentvoltage relationshipsreveal a large conductancefor K+ influx (200 pS with 50

mM K+) and a small conductance for Ca2+ efflux (12 pS with 5 - 20 mM Ca2+). The zero

current potentials, however, indicatea 15 - 20 times higher selectivity for Ca2+ over K+. When

K+ is used as a charge carrier, additionof increasing'Ca2+ concentrationsto the vacuolar side

causes a progressivedecrease in the unitraryK+ efl]ux current (K,_ = 0.29 mM at V = 0 mV)

indicatingionic competition for an intraporebinding site. The voltage dependenceof this pro-

cess reveals that the bindingsite is located approximately9 % of the electrical field into the pore
from the vacuolar side.

Channel openings are largely l_romotedby positive-going shifts in the vacuolar mem-

brane potential. Elevation of vacuolar Ca2+ shifts the threshold for voltage activation to less

positive potentials and causes a further increase in the open-state probability over the physiolo-

gical range of vacuolar membranepotentials. Changes in Ca2+ on the cytosolic side do not sig-

nificantly affect Ca2+ efflux current but there are several indications that channel gating is also

controlled by cytoplasmic regulators. We conclude that this voltage-sensitive Ca2+ release

pathway could potentially provide a way to achieve a sustained elevation of cytosolic free Ca2+

needed to trigger long term responses involved in stimulus-response coupling.

1. Gilroy, S., Fricker, M., Read, N.D. and Trewavas, A.J. (1991) Plant Cell 3, 333-344.

2. Johannes, E., Brosnan, J.M. and Sanders, D. (1992) Plant J. 2, 97-102.
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ISOLATION OF INTACT VACUOLES FROM THE ALEURONE LAYER OF BARLEY

Bethke, P.C.and Jones. R.L.
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Barley aleurone cells synthesize and secrete large amounts of hydrolytic enzymes upon

stimulation by gibberellic acid. Most of the raw material for these proteins originates within

the cell's vacuoles, the so-called protein bodies. These storage organelles have been shown to

contain large amounts of protein, phytin, and ions such as phosphate and potassium. We are

interested in how these reserves are transported across the tonoplast and how this transport is

integrated with cellular function.

The study of vacuoles from the barley aleurone layer has been difficult because an aqueous

procedure for isolating intact vacuoles has not been available. We have developed such a

procedure. The plasma membrane of isolated aleurone protoplasts is disrupted by mechanical

shearing in isotonic buffer to release cellular contents. The resulting lysate is quickly filtered

through nylon mesh and layered onto a three-step density gradient, which is centrifuged at 5-

10xg. Vacuoles band at the interface of the bottom two layers. Western.blotting analysis with

an antibody against barley e-amylase indicates that there is little contamination of the vacuolar

fraction by cytoplasmic proteins, and probing with an antibody against the tonoplast intrinsic

protein TIP-25 indicates that tonoplast yields are high.

We have beg'm to examine channel activity in the vacuolar membrane using the patch.clamp

technique. Preliminary data based on single channel events suggests that several .different

channels are present in the tonoplast. Characterization of these is underway and progress will

be repo._ed.

| -- _" _,. II • II I I
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FAST SWITCHING AND COUPLED EXCITATION OF THE Cs+-BLOCKED

K+-CHANNELS IN TONOPLAST VESICLES OF CHARA CORALLINA

AS DIRECTLY RESOLVED IN THE TIME SERIES OF PIPETTE CURRENT

Silke Draber, Roland Schultze, Ulf-Peter Hansen

Institut fiir Angewandte Physik, Universit_it Kiel, Leibnizstr. 11, DW-2300 Kiel 1, Germany

Patch-clampexperimentsopenthefacilityofdistinguishingbetweeneffectson singlechannelconductivity

andontransitionsintoinactivestates.Thisapproachfailsiftimeresolutionisnotfastenough.The existence

offastundetectedswitchingisindicatedby measuredbeta-distributions(I)orby theoreticalconsiderations

(2,3)especiallyinthecaseoftheanomalousmolefractioneffect(4).A new fastpatch-clampset-up

witha powerfuldetectorofcurrentlevelsinnoisysignals(higherorderHinkley-detector,5,6)enabledthe

observationoftime-constantsup to10/as.

The gatingkineticsinducedby Cs+isa good exampleforfastopeningand closingphenomenawhich

untilnow werebelievedtobe aninfluenceonsinglechannelcurrent.Dwell-timehistogramswerecreatedby

meansofthehigherorderHinkleydetectorfrompatch-clampstudieson theCs+-blockoftheK+-channel

inthetonoplastofCharacorallina.Incontrasttopreviousrecordings,twotime-constantsrangingfrom20

#s to100#s and fromI ms to3 ms,respectively,wererequiredforfittingthedata.Inordertoillustrate

thatthepreviouslymeasuredeffectofCs+on thesinglechannelconductivityofK+-channelsispretended

by undetectedgatingeffects,a lowerresolutionwas simulatedby averagingblocksof 20 samples(this

correspondstoa temporalresolutionof200#s).Then,thedwell-timehistogramscouldbefittedwithout

thefasttime-constant.I-Vcurvesofapparentsinglechannelcurrentsconstructedfromtheaveragedandthe

non-averageddatacoincidedatpositivemembranepotentials.At negativepotentialstheaveragedcurrents

weresmallerand showeda negativeslope.The non-averagedcurrentswerecomparedwiththoseofthe

unblockedK+-channels.

A peculiareffectwas foundespeciallyathighnegativepotentialsandwithCs+inthepipetteand bath

solution,namely,theamplitudehistogramscouldnotbe fittedsufficientlywellby a binomialdistribution.

The smallopenpropabilityfoundundertheseconditionsexcludesthatthefrequentlyobservedsimultaneous

openingsofmorethanonechannelisjustfortuitous.Therefc-ewe suggestamutualinfluenceandexcitation

oftheK+-channels.Thisinfluenceismodelledby thecorrelatedbond-percolationwhichisoftenusedinthe

theoryofIsing-models(7).

1. FitzHugh, R., 1983, Math. Biosci. 64, 75-89

2. Bertl, A., 1989, J. Membrane Biol. 109, 9-19

3. Prod'hom, B., Pietrobon, D., Hess, P., 1987, Nature 239, 243-246

4. Draber, S., Schultze, R., Hansen, U.P., 1991, J. Membrane Biol. 123, 183-190

5. Schultze, R., Draber, S., 1992, J. Membrane Biol., submitted

6. Schultze, R., Draber, S., Hansen, U.P., 1992, This conference

7. Kasteleyn, P. W., Fortuin, C. M., 1972, Physica 57,536-564
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HYDROSTATIC AND OSMOTIC PRESSURE ACTIVATED CHANNEL IN

PLANT VACUOLE

Jo_lAlexandre,Jean-PaulLassalles

Laboratoire "F___bhan_e_cellulaires', URA CNRS 203, Facnlt6 des Sdences de Rouen, BPI18, 76134 Moat-

Saint-Aiga_ Cedex France.

Plants respond to a great range of signals in their environment. For some of these signals, transduction at

the cellular level occurs through the gating of various _ of ionic channels in the plasma membrane.

Channels sensitive to membrane potential, chemical stimulus or mechanical deformation of cell membrane,

have already been found in plant cells. We present here patch damp experiments performed on isolated red

beet vacuoles (A/ernnt_ J, Lassa//es JP 1991, Biophysical J, 60, 1326.1336, 1991), indicafmg that the

tonoplast contains a channel which is activated by stretching the vacuolar membrane. The channel is more

permeable for K+ than for CI"ions (Pk / Pcl # 3). The opening probability, Po, and the conductance of the

channel (20 pS in 200 mM KCI symmetrical solutions) ate not modified by a change in cymsolic Ca2+ or

vacuolar potentiaL There is a strong increase in Po, when pressure or suction are applied to a patch

membrane (a 1.5 kN m"2suction induces an e-fold change in the mean patch current). The channel is

blocked when 10 _M Gd3+ ate applied to the cytoplasmic side of the tonoplast. For the patch currents

recorded under isoosmofic conditions, the channel conductance and Po ate not affected when the sorbitol

osmolality increases from 0.6 to 1 osmol/kg. When only a 02 osmol/kg sorbitol gradient is applied to the

patch, a strong reversible increase in current is observed even in the lack of externallyapplied stretch (see

figure). Measurements in the whole vacuole confg,,uration(diameter of the vacuole: 45tan) indicate that the

osmotic gradient results in a 100-200 pA / current per esmoL

0._3 0.@ 0.6

Effect of a 0.2 osmol / kg

sorbitol 8rad_nt on an

20,4 [ patch was performed either
with 0.8 or with 0.6 osmol /

:los kg sorbitol solutions
:?A2.j ,";'.-.__..--,_. _.".-._, ,t_ "._

The channel described in this report is gated by a change in osmolality, without the need of a change in

turgor pressure. This channel represents a possible example of an osmoreceptor in plant cell membranes.
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ACTIVATION KINETICS OF CATION CHANNELS IN RADISH VACUOLES

F. Gambale +, A.M. Cantu '+, A. Carpaneto + and B. Keller*

+ Istituto di Cibernetica e Biofisica, Via Dodecaneso 33,I16146 -

Genova, Italy and * Max Planck - Institut fur biophysikalische

Chemie, 3400 Gottingen, Germany

Voltage dependent gating of ion channels has been studied

using the patch-clamp technique in a variety of channels in

animal and plant cells. The molecular basis of the opening mech-

anism has been associated with the movement of charged gating

particles sensing the membrane electric field. However, little or

nothing is known about the molecular processes associated with

the opening of single ion channels. It has been particularly

difficult to monitor channel gating in animal cells as they are

characterized by fast time constants taUact=lms) and often masked

by simultaneous channel inactivation. We have circumvented these

problems studying the opening of calcium activated cation -

selective channels from radish root vacuoles, which display

activation time constants of several hundreds of milliseconds and

do not inactivate.

We demonstrate that these channels have two kinetically

distinct activation modes which, at a transmembrane voltage of

-100 mV, are characterized by fast and slow activation times such

that the ratio between the two time constant is in the order of

1:5. Therefore activation times in the order of seconds are

observed in the slow mode. Different membrane potential proto-

cols allowed to switch between the two modes in a controlled and

reversible manner. This process may represent a modulator of

voltage dependent ion channels in other plant and animal systems.



185
CHARACTERIZATION OF THE TONOPLAST Ca2+/H + ANTIPORT SYSTEM
FROM MAIZE ROOTS

Chanson, A.

Institute of Plant Biology and Physiology, University of Lausanne, Biology Building,
CH- 1015Lausanne,Switzerland

Calcium(Ca2+)playsa keyroleasanactivatorandregulatorofmany biologicalprocesses

in higher plant cells (1). The concentration of free cytosolic Ca2+ is maintained at less than 200
nM by the action of high affmity membrane-bound receptors (2). Recently, the vacuole of plant

cells was shown to play a major role in the sequestration and storage of Ca2+, and as a reservoir

for Ca2+release during signal transduction (1,2,3). Ca2+-transportat the tonoplast is achieved by

a Ca2+/H+ antiport system, driven by the electrochemical potential difference created by the two

tonoplast proton pumps : the V-H+-ATPase and the H+-PPase (1,3,4). The Ca2+/H+ antiport
system has been studied in isolated membrane vesicles using the tonoplast proton pumps (1,3,4)
or by imposing a pH gradient across the tonoplast membrane ("pH jump") (3).

In this study, _ "pH jump" technique was used to characterize the Ca2+/H+ antiport system

of maize roots in order to avoid any interference of the tested chemicals with the V-I-P-ATPase or

the H+-PPase. Low density membrane vesicles were prcpaw.zl as previously described (4). The
vesicles were sedimented and resuspended in a buffer (BTP-Mes 25 raM, sucrose 10%) at pH 6.
After a 30 min incubation, the vesicles were sedimented, resuspended in a small volume of buffer
pH 6 and frozen at -196_. For the calcium transport experiments, 20 ttl of vesicles (40-80 ;.tg
protein) were added to 470 _ of ice cold buffer (BTP-Mes 25 mM, sucrose 10%) at pH 8. The

vesicles were equifibrated for i0 win to allow a H+ gradient to be formed before the Ca2+ uptake

was initiated by the addition of 10 _1 of 45Ca2+ (50'000 cpm). After 2 min, 400 p.l of vesicles
were filtered on a 0.45 pan filter (Gelman GN-6) which had been pre-wetted with 2 ml of buffer
(pH 8). The filter was washed three times with 1 ml of ice cold buffer (pH 8) and radioactivity
determined by liquid scintillation spectromeu-y.

TheCa2+/H+antiportactivitywascompletelyinhibitedbyrutheniumred(I00_tM),whereas

erythrosin B (100 _M) was almost without effect. Surprisingly, DCCD (1 mM) did not inhibit the
antipon activity, as opposed to the results of Schumaker and Sze (3) on oat roots. Divalent ions

were strongly inhibitory (L,a2+>Mn2+>(',o2+), as previously reported (3). The sulfhydryl group
reagent N-ethylmaleimide (NEM) was only slightly inhibitory at 1 raM, whereas 5,5'-dithio bis-
(2-nitrobenzoate) (DTNB) was witout effect at I00 _tM. These results do not support the

involvement of SH groups in the transport of Ca2. by the antipon. Chemical modification of
different amino acid residues of the antiport will be used to elucidate the amino acid residues

participatingintheCa2+u'anspon activity.

I. Evans,D.E.,Briars,S.A.andWilliams,L.E.(1991)J.Exp.Bot.42,285-303.
2. Trcwavas,A.,andGilroy,S.(1991)T/G 7,356-361.

3. Schumakcr,K,S.andSzcH. (1986)J.Biol.Chem.26],12172-12178.
4. Chanson,A.(1991)J.PlantPhysiol.137,471-476.
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NET K+ EFFLUX AGAINST THE ELECTROCHEMICAL GRADIENT IN Cs+- AND FC_TREATED

ELODEA DENSA LEAVES

Bella_, M._, Mere, M.T.* and M_, E.*

*Di_t_ dl Biologla,Universit_di Milano; _ Ditto di Biologia Vegetale,Universit_

di Tari_

In fUsicoccin-treatedElodsa leaves the addition of Cs+ completelyreversed K+-induosd Em, ,,i

dm_Im_mtlonandinvertedthedirectionofnetH+md K+ fluxes,a si_cmat alka//nization

ofthemediumenda releaseof K+ bex_ evidentinspiteof an _ valueverycloseto that

with fUalcocclnalone.The K+ net effluxwas thus occurring_ a steep

opemtim of samerx:nelec_c K+ _ mee".a'd._.

The sam oonclusionis also_ by the behmri_rof Elodsad_sa leaves,where

motm__ __ ma,_ a ,_ _ of K+ up_kemd H+ emnmon at am side

of the leaf blade and an _ of H+ _ Uptakem of K+ release at the _ side (1),

•,4'd.le r_ slgniflczntdiff_ inE values be_ the _ layer' ofcellsaredetect_le.
m

A _ between the me_ values of K+ net efflux and _ predicted by the

electrochemicalgradient seems also _W_Rr_nt in the case of fe_cyemicle-inc_ K+ efflux in.

condlti_sof irhlbitedH+ pumpopsration,_h_ the depolarizationof Em doesn_t seemlarge
I:o_camt for the okmervedK+ rml.eese,

_aese lines of evidex_ _ the _ at the plant plasm _ of some nun

elec_c sTstem traspcrting Z+ and possibly also H+. _tly, the reqtdmmmmte for a
/

similar sys%e, would be _ed by an H+/K+ antlpcrt,as that _ by Felle (2) and by

Cooper et al. (3) on the basis of difTere_ ex_tal _p_x_ches. ,,'_

i. Prim, H.B.A., Snel, J.F.H., HeAder, R.J. and Zeustz_, P.E. (1980) Plant Physiol. 669

818-Ba2.

2. Felle,H. (1989)Plant Science61, 9-15. /

//

3. _, S., _, H.R. and Reirt_id,L. (1991)Plant Fnysicl.97, 1212-L_.
/

_f
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SODIUM-DRIVEN SYMPORT IN CHAROPHYTES: THE ELECTROGENIC UREA

TRANSPORT SYSTEM

Walker, N.A., *Smith, F.A. & *Reid, R.J.

Biophysics Laboratory, School of Biological Sciences, University of Sydney, NSW 2006, Australia and

*Departm at of Botany, University of Adelaide, SA 5000, Australia.

Urea is taken up by Chara australis by three parallel processes including a low-Km electrogenic transport

[Wilson & Walker, 1988; Wilson, O'Donoghue & Walker, 1988]. The Km for urea reflux by this process and for

membrane current evoked by urea is 0.35/zM in experiments with 1.0 mM external sodium.

We find that the current evoked by micromolar concentrations of urea requires external sodium, with a

Km of about 30 _aM. The current has a Vmax of the order of 10 nmol/(sqm.s). Radiotracer studies show that

low concentrations of sodium stimulate urea influx from low conccentrations of urea by about 10 nmol/(sqm.s),

while low concentrations of urea stimulate sodium influx from low concentrations of sodium by about the same

amount. The similar sizes of these stimulations under comparable conditions suggest the transport

stoichiometry is 1 urea: 1 sodium. The kinetics of electrogenic urea transport suggest a random-binding symport

model [Sanders, 1986] in which sodium binds first at low urea concentrations, while the transport rate is

reduced at high urea concentrations by urea binding first. This appears to be the first instance of the cis-

inhibition predicted by Sanders.

We have found that membrane current is also evoked, in the presence of external sodium, by urea

analogues including N-methyl-urea and acetamide, which inhibit the low-Km component of urea influx [Wilson

et al., 1988]. These analogues share one amino group and the carbonyl group with urea.

The low values of Vmax for the electrogenic process suggest that the sodium-urea symport is capable of

playing a maintenance role at low urea concentrations but not of providing reduced nitrogen for rapid growth.

At concentrations of tens of micromolar the passive route carries a much bigger flux than the electrogenic

route; if cis-inhibition also shuts down the latter this would be adaptive.

Membrane current has been found to be evoked, in the presence of sodium, by micromolar urea in

N#ella tra_tslucens [Walker & Sanders, 1991]. Thus sodium-driven symport appears in both extant tribes

(Chareae and Nitelleae) of the Characeae. It appears also, by the same token, in mildly acidophile as well as

mildly alkalophile species.

A suggested rationale for sodium-driven symport in plants will be discussed.

References:

Sanders, D. [1986] J. Memb. Biol. 90: 67-87.

Walker, N.A. & Sanders, D. [1991] Planta 185: 443-445.

Wilson, M.R. & Walker, N.A. [1988] J. exp. Bot. 39: 739-751.

Wilson, M.R., O'Donoghue, S.I. & Walker, N.A. [1988] J. exp. Bot. 39: 763-774.
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CY'I_PLASMICPHRF_X;URATION DURING _UPTAKEBYCUL_PLANTCEU_

Sakano, K., Yazaki, Y., Kiyota, S. and *Mimura, T.

Department of Applied Physiology, Na__onal Institute of Agrobiolo_ical Re-

sources, Tsukuba, Ibaraki 305, JAPAN. Department of Life Science, _aculty _fScience, Himeji Institute of Technology, Harima Science Park City, Hyogo 67
12, JAPAN

Transport of inorganic phosphate (Pi) across the plasma membrane in plant

cells has been extensively investigated, and a proton cotransport mechanism

has been proposed on the basis of electrical measurements of Em (i, 2). Re-

cently we found that the addition of small amount of Pi to a cell suspension

of Catharanthus roseus induced a rapid alkalinization of the medium (3). After

exhaustion of external Pi, the pH of medium immediately started to recover the

original value. This, found in a system without buffer, clearly demonstrated

that Pi is cotransported with protons into the cell, and the H+/H2PO4 -

stoichiometric ratio of the cotransport was calculated to be 4 (3), which, in

turn, strongly suggested cytoplasmic acidification during Pi uptake.

This was studied by means of a fluorescent pH indicator, BCECF, and 31p_

NMR spectroscopy. Cytoplasmic acidification as measured by BCECF started

immediately after Pi application. Within a minute or so, a stable state was

attained and no further acidification occurred, while Pi absorption was still

proceeding. As soon as Pi in the medium was exhausted, cytoplasmic pH s=arted

to recover. Coincidentally, the medium pH started to recover toward the origi-

nal acidic pH. The Pi-induced changes in the cytoplasmic pH were confirmed by

31p-NMR study. Maximum acidification of the cytoplasm induced by 1.7 mM Pi was

0.2 pH units. Vacuolar pH was also affected by Pi. In some experiments but not

all, pH decreased reversibly by 0.2-0.3 pH units during Pi absorption. Results

suggest that the cytoplasmic pH is regulated by proton pumps in the plasma

membrane and in the tonoplast. In addition, other mechanisms that could con-

sume extra protons in the cytoplasm are suggested.

i. Ullrich-Eberius CI, Novacky AJ, Fischer E, Lattge U (1981) Relationship

between energy-dependent phosphate uptake and the electrical membrane

potential in Lemna gibba GI. Plant Physiol. 67:797-801

2. Ullrich-Eberius CI, Novack7 AJ , van Bell AJE (1984) Phosphate uptake in

Lemna gibba GI: energetics and kinetics. Planta 161:45-52

3. Sakano K(1990) Proton/phosphate stoichiometry in uptake of inorgan:

phosphate by cultured cells of Catharanthus roseus (L.) G. Don. Plan"

Physiol. 93:479-483 Physiol. 93:479-483
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THE STOICHIOMETRY OF PHOSPHATE/PROTON COTRANSPORT AND THE

RESPONSE OF PROTON EFFLUX TO PHOSPHATE IS ALTERED BY PHOSPHORUS

DEFICIENCY

Dunlop, J. and Gardiner, S.

National Institute of Pastoral Agriculture, Palmerston North, New Zealand

We have previously obtained evidence that in phosphorus adequate (+P) Trifolium repens plants,

phosphate absorption proceeds via a 1:1 cotransport with protons (1). Growing plants in phosphate free solution

for 14 days prior to measurements (-P plants) resulted in a net phosphate absorption rate by roots of intact plants

that was double the rate for +P plants.

Measurements of ,t_E,oon roots of -P plants showed a rapid transient depolarisation (mean = 28.3 ±

1.8 mV) on addition of 125/aM H3PO, to the buffered, phosphate free nutrient solution bathing the roots. The

depolarisation was followed by a gradual persistent tepolatisation which resulted in values for AE_ more

negative than the initial value. For +P plants, there was no significant, comparable effect. This indicates a

difference between mechanisms of phosphate transport by +P and-P plants, ie. that the stoichiometry of

proton/phosphate transport is 1 in +P plants and >1 in -P plants.

Phosphate transport by both +P and -P plants was inhibited by 300/aM N-ethylmaleimide (NEM) but

the inhibition was more severe for +P plants. Vanadate (50/aM) inhibited phosphate transport by a moderate

and similar extent in both +P and -P plants.

There were no significant differences in net proton efflux into phosphate free nutrient solution between

+P and -P plants. However on addition of phosphate, proton efflux decreased in +P plants but increased in -P

plants. In +P plants, NEM added after phosphate severely inhibited proton efflux but there was no significant

inhibition in the case of-P plants.

These results point to qualitative differences between +P and -P T. repens plants in the transport of

phosphate and its interaction with proton movements.

1. Dunlop, J. (1989) Journal of Experimental Botany, 40, 803-807.
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NITRATE IS ACTIVELY TRANSPORTED AT THE TONOPLAST OF BARLEY

ROOT CELLS.

Tony J. Miller, Rui-Guang Zhen, Roger A. Leigh and Susan J. Smith

Biochemistry & Physiology Department, AFRO-Institute of Arable Crops, Rothamsted Experimental Station,

Harpenden, Herts. ALS 2JO, U.K.

Nitrate-selective microelectrodes have been used to measure nitrate activity in the cytoplasm and

vacuole of barley root cells grown in nutrient solution containing 10 mol.m"3nitrate (1). For epidermal cells,

the mean cytoplasmic and vacuolar nitrate activities were 5.0 mol.m"3and 38.9 mol.m"3,respectively, while

for cortical cells the corresponding values were 2.6 mol.m"3and 67.6 mol.m"3.The nitrate electrodes also

measure the membrane potential across the plasma membrane and tonoplast. In epidermal cells the mean

(_+SE) tonoplast membrane potential was + 10.6 (± 4.6) mV and in cortical cells it was + 12.3 (+ 11.2) mV.

These values are too small to allow the observed vacuolar nitrate concentrations to be achieved by passive

transport so nitrate transport into the vacuole must be an active process. Given the measured

electrochemical gradients, a passive mechanism could only achieve vacuolar activities of 8 and 5 mol.m"3for

the epidermal and cortical cells, respectively.

Proton-selective microelectrodes were used to measure the pH gradient across the tonoplast to

assess whether this nitrate transport could be mediated by H+/NO3"antiport. For epidermal cells, the mean

(± SE) cytoplasmic and vacuolar pH values were 7.12 ± 0.06 (n= 10) and 4.93 z 0.11 (n--22), respectively,

while for cortical cells the corresponding values were 7.24 ± 0.07 (n=3) and 5.09 ± 0.17 (n= 7). Calculations

of the energetics for the antiport mechanism indicate that the observed gradient of nitrate across the

tonoplast of both epidermal and cortical cells could be achieved by a H+/NO3" antiport with a 1:1

stoichiometry (2).

Recently, nitrate-selective microelectrode measurements of intracellular nitrate have been made in

barley root cells grown in 0.1 mol.m"3nitrate nutrient solution for 24 h. These epidermal cell measurements

show that the mean cytoplasmic nitrate activity,is 4.2 mol.m"3and the vacuole is 20.5 mol.m"3,indicating that

cytoplasmic nitrate is regulated independently of the external concentration. Furthermore, the intracellular

distribution of nitrate at this lower external concentration also requires active transport a: the tonoplast.

I. Zhen R.-G., Koyro, H.-W., Leigh, R.A., Tomos, A.D. and Miller, A..I. (1991) Planta 185, 356-361.

2. Miller, A.J. and Smith, S..I. (1992) Planta 187, (in press).
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Arginine Transport into Mitochondria of Neurospora crassa

Yu, Y. and Weiss, R. L.

Department of Chemistry and Biochemistry, University of California Los Angeles CA 90024-1569

Biosynthesis of arginine in Neurospora crassa takes place in two different compartments. Synthesis of

ornithine from glutamate and conversion of omithine to citrulline occurs in the mitochondria and synthesis of

arginine from citruUine occurs in the cytosol. Arginine biosynthesis is regulated by feed-back inhibition. The

first two enzyme of ornithine synthesis, acetylglutamate synthase and acetylglutamate kinase, are feed-back

inhibited by high levels of arginine which is produced in the cytosol (1). In order to perform feed-back inhibition

as well as to support biosynthesis of mitochondrial proteins, arginine must cross the mitochondrial membranes.

In this study, arginine transport into the mitochondria of N. crassa has been examined using a filter

retention method. Arginine transport was found to be saturable (Km= 6.5 raM) and to have a pH optimum of pH

7.5. Uncouplers and substrates of oxidative phosphorylation did not affect the transport rate. The arginine

concentration within the mitochondrial matrix after transport was similar to that of the reaction medium. These

results indicate that mitochondrial arginine transport is facilitated transport rather than active transport. The

mechanism of arginine transport, whether symport requiring an anion or antiport requiring a cation, is not clear at

this point. The specificity of the arginine transport system was investigated with various amino acids and

arginine analogs. The basic amino acids ornithine, lysine and D-arginine inhibited arginine transport. Arginine

analogs which have been modified at the N- or C- terminus inhibit arginine transport; however, an analog which

was modified on the guanidine side chain did not inhibit transport. These results suggest that the positive side

chain of arginine is important for recognition by the transport system. Arginine transport could be irreversibly

blocked by treating mitochondria with a reactive arginine derivative, N-nitrobenzyloxycarbonyl arginyl
diazomethane.

When arginine is supplied in the medium, the cytosolic arginine concentration of N. crassa increases from

0.2 mM to about 15 mM which is higher than the observed K m value of arginine transport (2). The observcd

characteristics of mitochondrial arginine transport can explain feed-back regulation of arginine biosynthesis in N.

crassa.

(1) Davis, R. D., and Weiss, R. L. (1988) Trends in Biochem. 13, 101-104.

(2) Weiss, R. L. (1976) J. Bacteriol. 126, 1 173-1179.
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GLYPHOSATE TRANSPORT INTO PLASMA MEMBRANE VESICLES

ISOLATED FROM COMMON LAMBSQUARTERS LEAVES

Dean E. Riechers 1, Rex Liebl 1, Loyd Wax 1,3, and Daniel R. Bush2, 3

Deparnnents of Agronomy 1 and Plant Biology 2, University of Illinois and the USDA-ARS 3
Urbana, Illinois 61801

Glyphosate, an inhibitor of EPSP synthase in the shikimic acid pathway, is a widely used

postemergence herbicide that is generally sprayed on the surface of the leaf. Since glyphosate is

a hydrophilic molecule, it is applied in the presence of surfactants that disrupt the cuticle and

allow penetration. Recent studies suggested that those suffactants that enhance glyphosate

phytotoxicity may also have a significant effect on the plasma membrane. The objectives of this

study were to identify the mechanism of glyphosate transport across the plasma membrane and to

determine whether suffactants play a significant role in increasing glyphosate flux. Plasma

membrane vesicles (PMVs) were isolated from mature leaves of lambsquarters using the

aqueous-phase partitioning method. Vesicles were isolated and suspended in an osmotically

balanced medium at pH=7.8. For transport experiments, membrane vesicles were diluted into an

acidic uptake solution (pH=6.0) which included radiolabeled substrates in the presence or

absence of the protonophore, CCCP. This experimental treatment imposed a transmembrane

proton electrochemical potential difference that was capable of driving several proton-amino acid

symports, thus indicating that these membrane vesicles were transport competent and functional.

Glyphosate, atrazine, and bcntazon transport were tested in this experimental system. Atrazine

accumulated inside the vesicles, but flux was not influenced by the transmembrane ApH.

Bentazon also accumulated inside the vesicles and accumulation was driven by the imposed

proton concentration difference. Glyphosate flux was very low and unresponsive to the imposed

pmf, suggesting the plasma membrane is a barrier to glyphosate uptake. Surfactant additions to

the transport solution (0.1 - 0.0001%) were evaluated for their effects on ApH (via acetate

accumulation) and glyphosate transport. At surfactant concentrations exceeding 0.01%, acetate

accumulation was greatly diminished, implicating a significant impact on membrane integrity. At

0.01%, the imposed pH-gradient was still present and, interestingly, glyphosate transport was

stimulated 4-fold. Our initial hypothesis suggested agriculturally effective surfactants, e.g.

cationic vs nonionic, might form a molecular complex with glyphosate that contributes to

transmembrane flux. However, both classes of surfactants increased glyphosate influx in vitro.

Thus, no correlation was observed between whole plant efficacy and glyphosate accumulation.

Current data suggests that surfactant efficacy may be the result of charged surfactants ability to

diffuse away from the cuticle into the subtending apoplastic space v_ _rethey act on the plasma

membrane to increase glyphosate uptake.
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_ABA PRODUCTION AND EFFLUX IN RESPONSE TO CELLULAR

ACIDIFICATION

Crawford, Lesley and Bown, Alan

Department of Biological Sciences, Brock "Jniversity, St. Catharines, Ontario L2S 3A1

Canada

GABA (4-aminobutyrate) is synthesized through the decarboxylation of L-GIu

(L-GIu + H + ---> GABA + CO2); and compared to other free amino acids is present in

high concentrations in plant cells. GABA levels rise rapidly and dramatically in

response to a variety of stress conditions including anaerobiosis (1). Recent papers

suggest that GABA production and associated H+ consumption is part of a metabolic

pH-stat which ameliorates the intracellular pH decline associated with anaerobiosis

(2,3). Similarly GABA production may be necessary for pH regulation during H+/

L-GIu symport into Asparagus mesophyll cells (4). To test this hypothesis GABA

production and efflux have been measured in isolated Asparagus cells in response to

three treatments designed to cause intracellular acidification. Acid loads were

imposed using 60 rain of (i)H+/L-GIu symport, (ii) anaerobiosis, and (iii) treatment

with a permeant weak acid butyrate. Both intra- and extracellular GABA levels

increased more than 100% after anaerobiosis; almost 1000% after H+/L-GIu - symport

(light or dark) and almost 500% after addition of 3mM butyrate at pH 5.0. These three

experiments support the hypothesis that GABA production is involved in resisting

intracellular acidification. Glutamate decarboxylase isolated from these cells has a

pH optimum of 6; suggesting that intracellular acidification stimulates the enzyme

responsible for G BA synthesis. Fluorescent pH probes are being used in attempts to

monitor changes in intracellular pH. The biological significance of GABA efflux is

not yet understood.

1. Satyanaryan, V., Nair, P. M. (1990) Phytochemistry 29, 367-375.

2. Menegus, F., Cattaruzza, L., Chersi, A., Fronza, G. (1989). Plant Physiology 90,
29-32.

3. Reggiani, R., Cantu, C. A., Brambilla, I., Bertani, A. (1988). Plant Cell
Physiology 29 (6), 981-987.

4. Snedden, W. A., Chung, I., Pauls, R. H., Bown, A. W. (1992). Plant Physiology. In
press.
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TRANSPORT OF NEUTRAL, ACIDIC, AND BASIC AMINO ACIDS IN PLASMA MEMBRANE

VESICLES FROM TOBACCO LEAYES

Borstlap, A.C., Schu_, J. and Krijger, G.C.

Department of Botany, University of Utrecht,

Sorbonnelaan 16, 3584 CA Utrecht, The Netherlands

We have studied amino acid transport in plasma membrane vesicles

from tobacco leaves. The vesicles were obtained by partitioning of a micro-

somal fraction in an aqueous polymer two-phase system (I). Transport was

measured after imposition of_pH (pHi=7.0 and pHo=5.0) and/or_/(inside

negative) across the vesicle membrane. In parallel experiments pHi was

monitored with vesicle-entrapped pyranine, and changes in _were recorded

by using the cyanine dye diS-C3-(5).

In the presence of both gradients, at least 100-fold accumulations
of the neutral amino acid L-valine in the vesicles have been observed. At

pH 5.0 the imposition off./stimulated the influx of valine by about 30%.

Accumulation of the acidic amino acid L-glutamate could also be effected by

Z_pH, but the influx was not stimulated by_. Conversely, accumulation of

the basic amino acid L-lysine could be driven by A_, but A pH had no effect
on the influx. These results demonstrate that: (a) transport of L-valine is

a H+-symport; probably this holds for neutral amino acids in general (2);

(b) transport of L-glutamate is electrically silent; it is transported as

zwitterion without a proton, or as anion plus a proton; (c) transport of

L-lysine is a uniport.

Transport of all three amino acids was specific for the L-isomer.

In vesicles from the ValR-2 mutant (2,3,4) the influx of valine was lower

than in vesicles from wild-type.

Remarkable results were obtained in experiments on the pH-dependency

of the valine influx, pH-profiles for the influx at I_M and I _M were very
similar: at both substrate concentrations the influx became fully depressed
when the pH was raised from 4.5 to 7.0. Substrate saturation curves at

pH 4.5, 5.5 and 6.5 were all clearly biphasic; there was no indication of

the two kinetic components merging into a single one when the proton concen-
tration was increased (5).

I. Larsson, C., Widell, S. and Kjellbom, P. (1987) Meth. Enzymol.

148, 558-568.

2. Borstlap, A.C., Schuurmans, J. and Bourgin, J.-P. (1985) Planta

166, 141-144.

3. Borstlap, A.C. and Schuurmans, J. (1988) Planta 176, 42-50.

4. Pilon, M. and Borstlap, A.C. (1987) Plant Physiol. 84, 737-742.

5. Sanders, D. (1986) J. Membrane Biol. 90, 67-87.
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STRUCTURAL DETERMINANTS IN SUBSTRATE RECOGNITION BY

THE NEUTBAL, PROTON-AMINO ACID SYMPORTS

Zhen-Chang Li I and Daniel R. Bushl, 2

Department of Plant Biology I and the Photosynthesis Research Unit, USDA/ARS 2,

University of Illinois, Urbana, IL 61801

Amino acids are actively transported across the plasma membrane of plant cells by

proton-coupled symports. Recently, we identified four amino acid symports, including two

porters for the neutral amino acids, using isolated plasma membrane vesicles and imposed

proton electrochemical potential differences (1,2). In the results reported here we investigated

the effect of amino acid analogues on neutral amino acid transport to identify structural

features that are important in molecular recognition by Neutral system I (isoleucine) and

Neutral system II (alanine and leucine). D-Isomers of alanine and isoleucine were not

effective transport antagonists of the L-isomers. These data are characteristic of

stereospecificity and suggest that the positional relationship between the a-amino and

carboxyl groups is an important parameter in substrate recognition. This conclusion was

supported by the observation that 15-alanineand analogues with methylation at the a-carbon,

at the carboxyl group, or at the a-amino group were not effective transport inhibitors.

Specific binding reactions were also implicated in these experiments because substitution of

the a-amino group with a space filling methyl or hydroxyl group eliminated transport

inhibition. In contrast, analogues with various substitutions at the distal end of the amino acid

were potent antagonists. Moreover, the relative activity of several analogues was influenced

by the location of sidechain branches and Neutral system I and II were resolved based on

differential sensitivity to branching at the 13-carbon. The kinetics of azaserine and p-

nitrophenylalanine inhibition of leucine transport were competitive. We conclude that the

binding site for the carboxyl end of the amino acid is a well defined space that is characterized

by compact, asymmetric positional relationships and specific ligand interactions. Although

the molecular interactions associated with the distal portion of the amino acid were less

restrictive, this component of the enzyme-substrate complex is also important in substrate

recognition because the neutral amino acid symports are able to discriminate between specific
neutral amino acids and exclude the acidic and basic amino acids.

1) Li Z-C and DR Bush 1991. ApH-Dependent amino acid transport in plasma membrane
vesicles isolated from sugar beet leaves: II. Evidence for multiple aliphatic, neutral amino
acid symports. Plant Physiol 96:1338-1344

2) Li Z-C and DR Bush 1990. ApH-Dependent amino acid transport in plasma membrane
vesicles isolated from sugar beet leaves: I. Evidence for carrier-mediated, electrogenic flux
through multiple transport systems. Plant Physio194:268-277
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EXPRESSION CLONING OF METABOLITE TRANSPORTERS FROM HIGHER PLANTS

Frommer W.B, Riesmeier J., Hummel S., Willmitzer L.

Institut fOrGenbiologische Forschung, Ihnestr. 63, D-1000 Berlin 33, FRG

Assimilates are produced in the source organs, e.g. leaves, and transported via the vascular system to the

sink organs which serve, e.g. for reproduction. In most plants, the main transfer molecules for carbon and

nitrogen are sucrose and amino acids respectively. Long distance transport is necessary to bring the assimilates

from the place of synthesis to the the places of metabolization or storage. In tobacco, strong evidence supports

the hypothesis that sucrose enters the phloem via the apoplast, requiring specific permeases to allow crossing of

the membranes (1). Uptake studies with purifiedplasma membrane vesicles have demonstrated sucrose and amino

acid permea_ activities (2,3,4). In order to study the regulation and function of the transporters it seems

important to isolate the respective genes. Due to the difficulties associated with the identificationand purification

of membrane transporters the genes for plasma membrane and tonoplast penneases have so far not been cloned.

For the Na+-depondent glucose transporter from rabbit, the problems were circumvented by developing an

expression cloning system in ooeytes (5). We have used both standard and artificial complementation systems to

isolate eDNA clones encoding metabolite transporter genes such assucrose permease genes from plants. We have

used the expression system as a tool to characterize the transport systems.

References:

(I) yon Sehaewen A. et al., EMBO J. 9, 3033-3044 (1990)

(2) Lemoine R. et al., Biochim. Biophys. Acta 978, 56-64 (1989)

(3)Li Z. & Bush D.R. Plant Physiol. 94, 268-277 (1990)

(4) Williams et al., Planta 186, 541-550

(5) Hediger M.A. et al., Nature 330, 379-381 (1987)
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A GENE FAMILY CODING FOR SUGAR TRANSPORTERS FROM ARABIDOPS1S

THALIANA

Kerstin Baier and Norbert Sauer

Department of Cell Biology and Plant Physiology, University of Regensburg,

Universititsstr.31, 8400 Regensburg, Germany.

Carbohydrates, the mare products of photosynthesis, must be transported from the tissues of their synthesis

('source') to the different carbohydrate consuming tissues ('sink').

In plants the transport of substrates can occur either on the symplastic way through plasmodesmata or on the

apoplastie way. The apoplastie concept requires the existence of transport proteins. In the literature a monosac-

eharid transporter and a sucrose transporter have been postulated for the plasma membrane of higher plants. An

energy dependant uptake of glucose has been shown to occur across the plasma membrane of pea mesophyll

cells. A sucrose uptake has been described for mesophyll protoplasts of Viciafaba and for cotyledones of

Ricinus communis. But all this data are based on measurements of model-systems. An alternative way to study

sugar carriers of plants is cloning their genes.

We have cloned and sequenced a gene family coding for putative sugar carriers from Arabidop$is thaliana. A

eDNA clone of the H +/hexose cotransporter from the green alga Chlorella kess/er/was used as hybridizltion

probe for screening an Arabidopsis genomie and eDNA library. Until now we have isolated four different

clones (STPI - STP4), which encode different proteins with high homology to other sugar trans_rters from

man, rat, bacteria and fungi. For two of the carriers we have shown the substrate specificity by heterologous

expression in the fission yeast Schhosaccharomyces pombe. The STPI (Sugar Transport Protein) protein Is a

monosaccharid transporter. The expression of STPI mRNA is low in heterotrophic tissues like roots _KI

flowers. High levels of expression are found in leaves and stems. The STP4 protein is a monosaecharid tran.s-

porter as well, but its mRNA is most strongly expressed in sink tissues like flowers and roots. With PCR we

found, that in Arabidopsis thaliana at least eight more transporter genes exist.
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C-DNA CLONES HOMOLOGOUS TO THE SUGAR TRANSPORTER FAMILY, ISOLATED

FROM RICINUS COMMUNIS.

A. Weig, J. Franz, N. Sauer*, E. Komor

Pflanzenphysiologie, Universit@t Bayreuth, D-8580 Bayreuth,

*Pflanzenphysiologie und Zellbiologie, Universit@t Regensburg,

D-8400 Regensburg

The cotyledon of Ricinus communis shows one of the highest sugar

. uptake rates reported for higher plants. Hexoses are taken up by

a passive transport system (according lack of proton symport and

membrane depolarisation) whereas sucrose is taken up by proton

symport. Oligonucleotides of a length of 20 - 30 bases were

contructed for two regions, which belong to the most conserved

ones for all so far known genes, which code for sugar transpor-

ters. One is located at the end part Of the 10th membrane

spanning helix, the other is in the loop immediately after the

12th membrane span. The codon usage of Ricinus was deduced from

several known gene sequences of that plant.

A m-RNA preparation from cotyledons was primed in the PCR with

the constructed oligonucleotides and a series of c-DNA fragments

was obtained. Sequencing them revealed at least 6 different

clones, which all exhibited the conserved amino acid regions of

sugar transporters, including some of the conserved amino acids

which stand on isolated places in the gene. The homology to the

published Arabidopsis hexose transporter is 40 - 70 % on amino

acid level. Preparations of mRNA from roots did not yield

detectable fragments in the PCR.

The full length clones relateO to the PCR fragments are isolated

from a c-DNA library. Determlnation of organ specificity,

developmental expression and substrate specificity will be

attempted.
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"J[ltJ_ PROTON.SUCROSE SYMPOR'_. INIt/BITION AND PHO'I_-

Aj'tNITY LABG

Daniel R. Bush 1,2 Photosynthesis Research Unit, USDA-ARS 1 and the Depaxmaent of

Plant Biology 2, University of minois, Urbana, IL 61801

The proton-sucrose symport is an important component of the assimilate partitioning

pathway in many plants. The interaction of several compounds which inhibit this porter

through covalent modification, including PCMBS, NEM, DEPC, and Hg 2., was examined

in isolated plasma membrane vesicles (PMV). NEM was not an effective inhibitor of the

symport under both energized (pH 6.0) and unenergized (pH 7.7) conditions. In contrast,

PCMBS, DEPC, and Hg 2. blocked symport activity. However, in control experiments, it

was discovered that Hg 2., but not PCMBS or DEPC, dissipated the proton motive force that

drives sucrose accumulation. It was further demonstrated that Hg 2. dissipated an imposed

pmf in protein free liposomes, thus obscuring its effect on the sucrose symport. In time- and

concentration-dependent inactivation experiments, it was shown that DEPC binding is

substrate protectable, thereby implicating binding at or near the active site. In contrast,

PCMBS activity was not linked to substrate binding. DEPC activity was reversible with

hydroxylamine, suggesting interaction with histidine residues, and preloading purified

vesicles with free histidine did not slow DEPC-depcndent inactivation kinetics. Since the

membrane vesicles arc predominantly right-side out, the last observation is consistent with a

DEPC-sensitive site which is accessible from the outside face of the vesicle. The PCMBS

sensitive-site is also on the outside face since this compound cannot cross the membrane.

Two compounds that are known inhibitors of glucose porters, cytoehalasin B and

forskolin, inhibit proton-sucrose symport activity in PMV isolated from sugar beet leaves.

For glucose porters, cytochalasin B binding is reversible and appears to be directed at the

substrate binding site. Forskolin also appears to act at the active site, based on cyto B's

ability to block forskolin binding. Since these compounds inhibit sucrose transport, we

obtained an iodinated phenylazide derivative of forskolin to use as a photoaffinity label for

the sucrose symport. It should be noted, that a glucose porter is also present in these PMV.

Under conditions that result in sucrose transport inhibition, a single polypeptide of 55 kDa is

labeled by the forskolin derivative in intact PMV after activation with uv light. Labeling was

not blocked by glucose, sucrose, or cyto B. This wasn't too surprising since the affinity of

the analogue for the glucose porter is reported to be much higher than native forskolin and

substrate protection is poor. Significantly, however, cytochalasin B is able to protect glucose

porters from photolabeling with this forskolin analogue. The absence of cyto B protection

here suggests the protein labeled could be the sucrose symport. We are currently obtaining

sequence information about this protein for comparison to predicted protein sequences

derived from three sugar porters we've cloned from the same source tissue.
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CHARACTERISTICS OF TONOPLAST SUCROSE TRANSPORT INTO

PROTEOLItK)SOMES

Thorn, Margaret

Experiment Station, Hawaiian Sugar Planters' Association, 99-193 Aiea Heights Drive, Aiea, [] 96701, USA

Sucrose is the major organic constituent of sugarcane stalk tissue. In mature tissue the concentration of

sucrose can approach 0.8M (60% of the dry weight). Most of the sucrose is compartmentalized in vacuoles of the

storage parenchyma cells. To reach this compartment, the sugar must cross the tonoplast. We have previously

described a system that demonstrates sucrose transport across the tonoplast of sugarcane cells (1, 2). Although

sucrose uptake was stimulated by MgATP (1), the mechanism of this stimulation is not clear, since a sucrose-H +

antiport could not be unequivocally demonstrated. Williams et al. (2), using tonoplast preparation isolated on a

sucrose gradient, and Preisser and Komor (3), using isolated vacuoles, could not detect MgATP stimulation of

sucrose uptake even though a proton gradient was generated by the addition of MgATP in both cases. Nevertheless,

sucrose uptake was relatively high, even in the absence of MgATP. This uptake showed saturation kinetics and pH

dependence and could be inhibited by sulfhydryl reagents as well as by an arginyl residue modifying reagent (1).

These results indicated that sucrose transport is catalyzed by a protein. We recently prepared monoclonal antibodies

against total tonoplast proteins, and several of these antibodies inhibited sucrose uptake into tonoplast vesicles

Using one of these monoclonal antibodies to monitor the protein during solubilization and purification, we partial l.__

purified a protein that takes up sucrose when reconstituted into liposomes.

We studied sucrose transport characteristics by using crude as well as partially purified tonoplast proteins

reconstituted into liposomes. The effects of MgATP and ApH on energization of sucrose transport will be discussed

The effects of inhibitors against specific amino acid residues and against specific transmembrane domains of known

sugar transporters on sucrose uptake into proteoliposomes are being investigated. The results should lead to a better

understanding of both the energization of sucrose transport into vacuoles and the functional requirements of the

tonoplast sucrose carrier. (Funded in part by USDA, ARS Cooperative Agreement 58-914-143)

1. Getz, H. P., Thorn, M., and Maretzki, A. (1991) Physiol, Plant. 83,404-410.

2. Williams, L., Thorn, M., and Maretzki, A. (1990) Physiol. Plant. 80, 169-176.

3. Preisser, J. and Komor, E. (1991) Planta 186, 109-114.
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STACHYOSE, AMINO ACID, GLUCOSE AND SUCROSE TRANSPORT IN

MEMBRANE VESICLES ISOLATED FROM ZUCCHINI

Bonnie C.H. Hsiang 1 and Daniel R. Bush1,2

Department of Plant Biology I and the Photosynthesis Research Unit, USDA-ARS 2,

University of Illinois, Urbana, IL 61801

Stachyose, a sugar of the raffinose series, is the predominant form of translocated

sugar in the Cucurbits. Although recent evidence suggests stachyose is concentrated inside

the phloem, the mechanism involved in stachyose loading is not known. We tested the

hypothesis that a stachyose transporter on the plasma membrane, similar to the recently

described proton-sucrose symport, is responsible for stachyose accumulation in the

vascular tissue. Plasma membrane vesicles (PMV) were purified from mature leaves of

zucchini using the aqueous phase partitioning method. These vesicles maintained an

imposed proton electrochemical potential difference and they exhibited proton-coupled

amino acid transport. Moreover, a facilitated glucose transport system was present in the

zucchini plasma membrane. In contrast, no evidence of carrier-mediated stachyose or

sucrose transport was observed. Since the amino acid symports were present in these

PMVs, the absence of active stachyose and sucrose uptake suggests similar carriers were

not present, although the possibility of differential inactivation cannot be eliminated. We

also investigated transport activity in isolated tonoplast membrane vesicles. Although

proton-coupled calcium transport was demonstrated, no active stachyose or sucrose

transport was present. Taken together, these data suggest typical proton-coupled carrier

proteins may not be responsible for stachyose accumulation in the phloem. Additionally,

these observations lend support to the notion that stachyose synthesis in the phloem may

account for its accumulation. If this is the loading mechanism, however, the source of free

energy driving the synthesis reactions against a large concentration gradient has yet to be
described.
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MOLECULAR CLONING OF THREE SUGAR TRANSPORTERS

FROM MATURE LEAF TISSUE

Tzyy-Jen Chiou 1 and Daniel R. Bush 1,2

Department of Plant Biology 1 and the Photosynthesis Research Unit, USDA/ARS 2,

University of Illinois, Urbana, IL 61801

A "super-family" of sugar transport proteins has recently been identified (1,2). This is

a particularly interesting group of transport systems (=20 members have been cloned thus

far) for several reasons, including: i) members transport a variety of monosaccharides, ii)

members include active (ion-coupled) and passive porters, iii) members axe found in both

prokaryotes and eukaryotes, and iv) a disaccharidc porter is part of the family. These

observations suggest the possibility that the plant's proton-sucrose symport is part of this

"super-family" of porters. Therefore, we identified regions of sequence conservation in this

family and used them as guides for the design of degenerate primers for RNA-polymerase

chain reaction using mRNA extracted from sugar beet leaf tissue. This system was chosen

because of our recent work describing the transport characteristics and biocnergetics of the

proton-sucrose syrnport in plasma membrane vesicles isolated from this tissue (3,4). Three

DNA fragments, of the predicted size, were amplified and subsequently cloned. Hydropathy

plots of the derived amino acid sequences from all three clones are similar to those of other

members of this family. Moreover, the amino acid sequence of the clones exhibited 20-30%

identity to other members of the family and 25-30% identity among each other. Northern

blot analysis of two clones demonstrated differential expression during leaf development.

The third clone was not present in Northern blots of leaf derived message. Although this

clone may have been derived from contaminating material, it is not homologous to previously

cloned porters and, thus, this fragment may have been amplified from message of very low

abundance. We believe these clones represent excellent candidates as the genes encoding

both the glucose and sucrose symports of the leaf plasma membrane. We are currently

attempting to determine, directly, the function of the encoded proteins by expressing these

clones in yeast sugar transport mutants.

1. Martin Maiden, Elaine O Davis, Stephen Baldwin, Duncan Moore, and Peter Henderson

(1987) Mammalian and bacterial sugar porters are homologous. Nature 325:641-643

2. Stephen Baldwin and Peter Henderson (1990) Homologies between sugar transporters

." from eukaryotes and prokaryotes. Ann Rev Physiol 51:459-471

3. Daniel R. Bush (1989) Proton-coupled sucrose transport in plasmalemma vesicles

isolated from sugar beet leaves. Plant Physiology 89:1318-1323

4. Daniel R. Bush (1990) Electrogenicity, pH-dependence, and stoichiometry of the

proton-sucrose symport. Plant Physiology 93:1590-1596
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SOLUBILIZATION AND RECONSTITUTION OF GLUTAMINE AND SUCROSE

CARRIERS FROM TISSUES OF RICINUS COMMUNIS

LorraineWilliams,Kim Weston,J.L. Hall.

Departmentof Biology,Universityof Southampton,Southampton,SO9 3TU. U.K.

Sucrose and amino acids are actively transportedinto plant cells by proton-coupledcarders

(Reinholdand Kaplan 1984). Plasmamembrane vesicles,pudfiedby aqueoustwophase partitioning,

were used previouslyto carry out an in vitro characterizationof these proteins found in Ricinus

communis cotyledons(Williams et al. 1990). Plasma membrane vesicles isolated from Ricinus

communis rootshave also been found to possessa proton-coupledglutaminecarder that has similar

propertiesto that in the cotyledons(Williamset al. 1992).

This report furthercharacterizesthe propertiesof the amino acid carder, both in root native

plasma membrane vesicles and followingsolubilizationand reconstitutioninto liposomes. Glutamine

transportin plasmamembranevesicleswas enhancedin the presenceof a _pH andfurtherstimulated

when an internalnegativeal' was imposed across the vesicles.Uptakewas inhibited in the presence

of the protonophoreCCCP. Transport in the reconstitutedsystemshowed similarproperties.

Data is alsopresentedcharacterizingsucroseand glutaminetransport following solubilizationof these

carders from cotyledonplasma membraneand reconstitutioninto liposomes.

References

1) Reinholdand Kaplan (1984) Annu Rev Plant Physiol35: 45-83.

2) Williams et al. (1990) Planta 182: 540-545.

3) Williams et al. (1992) Planta in press.
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FUNCTIONAL RECONSTITUTION OF A PURIFIFA3 VACUOLAR H+-ATPase FROM

OAT ROOTS.

Joim M. WardandHeven Sze

Dcpattment of Botany, University of Maryland,College Park, MD 20742, USA.

A vacuolarH+-ATPase (V-type ATPa._) of plant cells gencrate,s a proton motive force across the

tonoplast (acidic andpositive inside). This primaryenergizationof the meanbranecontrols the secondary

accumulationof othea"solutes, via H+-coupled translx_ and throughchannels, which is requiredfor the

various functions of the vacuole. Purificationof the vacuolar H+-ATPasefrom oat roots (Arena sativa vat

Lang) indicated thatten polypeptides were associatedwith A'IT'hydrolysisactivity (1). To determine ff this

purified enzyme retainedH+ transportcapabilityand to study the regulationof H+-transpon activity in an

isolated system, the pmified H+-ATPase was inccq_oratedinto phospholipidvesicles.

Formationof sealed prote,oliposomes was accomplished by removing TritonX-100 from the

purifiedH+-ATPascin thepresence of sonicatexlE. coil phospholipids. The quenchingof acridine orange

fluorescence was used to prr_¢ the acidification of K+-loadedproteoliposomes. The K+ ionophore

valinomycin stimulated MgATP-dependentacidification, indicating that H+ transportwas electrogenic.

Proton transportwas inhibited by Bafilomycin A 1, DCCD, and NO3"(inhibitors of V-type ATPases), and

was insensitive to azide and vanadate(inhibitorsof mitochondrialandplasmamembraneH+ pumps,

respectively). Chloride stimulate_!H+ transportin thepresence of K+ andvalinomycin (2). This result

indicated that the plant V-type ATPase, in contrast to some animal V-type ATPases, was stimulated directly

by CI'.

The purified H+-ATPase from oats contained ten polypcptides of 70, 60, 44, 42, 36, 32, 29, 16,

13, and 12 kDa. We have now shown that this set of polypeptides was sufficient forcoupled ATP

hydrolysis and H+ transport. Significantly, thispreparationlackeda 100-115 kDa polypeptide suggested to

be requiredfor the H+-ttanspon activity of some animal V-type ATPases.

1. Ward, J. M., and Sze, H. (1992) Subunitcomposition and organizationof the vacuolarH+-

ATPase from oat roots. Plant Physiol. (in press).

2. Ward, J. M., and Sze, H. (1992) Proton transport of the purified vacuolar H+-ATPas¢ from oat

roots: direct stimulation by CI'. Plant Physiol. (in press).
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CHANGES IN GENE EXPRESSION ASSOCIATED WITH VACUOLAR TRANSPORT

AND INDUCTION OF CRASSULACEAN ACID METABOLISM

Bartholomew, D.M. and Smith, J.A.C.

Department of Plant Sciences, University of Oxford, South Parks Road,

Oxford OXl 3RB, United Kingdom

Leaf mesophyll vacuoles play an important role in plants demonstrating

crassulacean acid metabolism (CAM), being involved both in cytoplasmic

homeostasis and malic-acid storage during the day-night cycle. Pivotal to

this role are the transport activities of particular proteins in the

vacuolar membrane. In CAM plants, an H+-ATPase, an H+-PPiase, a malate

channel, and possibly other transport proteins may be involved in the

regulation of vacuolar malic-acid accumulation. Since the transition from

C3 photosynthesis to CAM is under developmental and environmental control,

such plants provide a useful system for studying the molecular basis of ion

transport at the vacuolar membrane and its relationship to the

physiological activities of the cell.

Identification of the genes encoding these and possibly other

transport proteins involved in CAM has been pursued by preparing total RNA

and mRNA fractions from uninduced (C3) and induced (CAM) leaf tissue from

Kalancho_ species. These fractions are being probed with PCR primers

designed to conserved regions of three known gene superfamilies for

transport proteins: (1) the ATP-binding cassette (ABC) superfamily (which

includes the multidrug resistance P-glycoprotein and cystic fibrosis gene

product), (2) the Nod 26 and tonoplast intrinsic protein (TIP) superfamily,

and (3) the sugar transporter superfamily. Additional screening of genomic

DNA is being performed with cDNA clones from genes for selected transport

proteins. For mRNA expression studies, the C3 to CAM transition has been

followed during the course of leaf development in K. daigremontiana and

during CAM induction by short-day photoperiods in K. blossfeldiana.

Results of the comparison of steady-state mRNA levels for putative

transport proteins in uninduced and induced CAM leaf tissue will be

discussed in relation to the control of transport activity at the vacuolar

membrane in CAM plants.
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CHARACFERIZATION OF cDNAs ENCODING THE 16 kDa PROTEOLIPID

OF THE VACUOLAR H+-ATPase FROM ARABIDOPSIS.

Perera, Imara Y. and Sze, Heven.

Department of Botany, University of Maryland, College Park, Maryland 20742, U.S.A.

The proton motive force generated by the vacuolar H+-translocating ATPase provides the primary

driving force for transport of numerous ions and metabolites across the plant vacuolar membrane.

This muitimeric enzyme consists of a nucleotide-binding peripheral sector and an integral sector that

forms the H + channel (1). The N,N'-dicyclohexyicarbodiimide-binding 16 kDa proteolipid is the major

component of the integral sector, essential for both H+-ATPase activity and assembly of the enzyme

complex (2).

As a step towards understanding the physiological and developmental regulation of the vacuolar

H+-ATPase, cDNAs encoding the 16kDa proteolipid from Arabidopsis have been obtained. An

Arabidopsis leaf eDNA library was screened using the oat cDNA encoding the 16 kDa proteolipid

subunit of the vacuolar ATPase as a probe (3). Two similar but distinct cDNAs have been isolated and

partially characterized. The cDNAs shared approximately 84% nucleotide sequence similarity. The

derived amino acid sequences were nearly identical to the oat 16 kDa polypeptide. The Arabidopsis

cDNAs differed from each other and the oat cDNA predominantly by third position nucleotide

changes. Genomic Southern blots probed with the oat eDNA revealed at least three distinct

hybridizing restriction fragments indicating the presence of a small multigene family encoding the

proteolipid subunit in Arabidopsis.

1. Forgac, M. (1989) Physiol. Rev. 69, 765-796

2. Umemoto, N., Yoshihisa, T., Hirata, R., and Anraku, Y. (1990) J. Biol. Chem. 265, 18447-18453

3. Lai, S., Watson, J. C., Hansen, J. N., and Sze, H. (1991) J. Biol. Chem. 266, 16078-16084
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Regeneration of the vacuole after evacuoiation

Stefan H6rtensteiner and Enrico Martinola

Institute of Plant Sciences, Swiss Federal InsUtute of Technology, Zf_rich,

Sonneggstrasse 5, ETH-Z, 8092 Zfirlch, Switzerland

When subjected to density gradient centrifugation (Griesbach and Sink 1983),

mesophyll protoplasts can be evacuolated. This results in the formation of

minlp_otoplasts which contain about 50 to 70% of the activIUes of the cytosolic

enzymes and nearly the full activities of organelle-bound enzymes (Hampp et al.

1985). Fusion of evacuolated protoplasts with evacuolated protoplasts has the

advantage that, during the fusion, only one vacuole is present and therefore the

risk of the release of hydrolytic activities into metabolically active compartments

is reduced. In spite of the potential of this system for the study of the synthesis and

processing of vacuolar and tonoplast proteins, and for obtaining additional

information about the ontogeny of vacuoles, no study has been performed thus for.

Tobacco mesophyll protoplasts were evacuolated by centrifugation in a density

gradient. Evacuolatlon resulted in the quanUtative loss of vacuolar hydrolytic

activities. The evacuolated miniprotoplasts were cultivated under different

condiUons. The regeneration of the central vacuole was investigated by light and

electron microscopy using the freeze subsUtuUon method and by determining the

activities of vacuolar marker enzymes. Vacuoles and hydrolytic activities, as well

as cell wall material, reappeared faster when the cells were cultivated at low

osmotic strength. Replacement of mannitol by NaCI as an osmoticum greatly

enhanced the growth rate of the newly formed vacuole. However, synthesis of

hydrolytic activities was not enhanced. A newly synthesized tonoplast polypeptide

could be detected by using a polyspecific serum raised against barley tonoplast

proteins. Expression of the mRNA specific for the 60 kD subunit of the tonoplast

ATPase was dependent on the growth rate of the newly synthesized vacuole.

Tonoplast-bound pyrophosphatase activity could also be detected. We are now

looking for the expression of this proton pump and hope to gain some insight into

the role of the two proton pumps in the early development of vacuoles.

Grlesbach, R.j., Sink, K.C. (1983) Plant Sci. Lett. 30, 297-301

Hampp,R.,Steingraber,M.,Mehrle.W.,Zimmermann,U. [1985) Naturwissenschaften

7, 91-92
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TWO CATALYTIC VACUOLAR H*-ATPase SUBUNITS ARE DIFFERENTIALLY

REGULATED IN RAPIDLY ELONGATING _EED TRICHOMES

Thee A. Wilkins

Departmentof Agronomy& Range Science,Universityof California,Davis,CA 95616

Developingcotton seed trichomesprovidea unique opportunityto study vacuolar biogenesis in

plants. Cottonseedtrichomesare singleepidermalcellsexceedingone-inchinlengththat differentiatefrom

the outerintegumentof theovule. Theonsetof trichomeelongationat anthesisisaccompaniedbydramatic

morphologicalchangesinthevacuolarcompartment. Rapid enlargementof a centralvacuole is associated

with the accumulation of significant ATPase activity localized in the tonoplast and interestingly,the

endoplasmicretlculum(ER). We are therefore interestedin Investigatingthe regulation,assembly and

transport of vacuolar I-£-ATPases(VATPase) in rapidlyelongating cotton trtchomesas a focal point to

studyingvacuolar biogenesis.

The 69 kD catalyticVATPasesubunitIs encoded by two highly conservedgenes in cotton. Gene-

specific cDNA probes correspondingto the 5'-untranslatedregionswere constructedto studythe spatial

and temporal regulationof the69 kDVATPasesubunitsindevelopingcottontrichomes. Northernand RNA

slotblotanalysisdemonstratedthatthe VATPasecatalyticsubunitisdevelopmentallyregulatedinelongating

cotton trichomes. The catalytic subunit mRNAs increase significantlyto peak levels at two stages of

development corresponding to the onset of trichome elongation at anthesis and again at 10 days-

postanthesis(dpa). The increasein 69 kD VATPasemRNAsat 10 dpa coincideswith maximumrates of

elongation. Moreover,Northernblot analysiscoupledwith in situ RNAhybridizationrevealedthat the two

VATPasemRNAsare differentiallyregulatedin developingcottonovules. Two non-allelicgenetictrichome

mutantsdefective in elongation(/./1and L/2)alsoshoweda deviationfrom normalVATPasecatalytic subunit

expressionpatternsin developingtrichomes. Futureendeavorswill be directedtowards tracingthe route

of VATPasetransport throughthe endomembranesystemof elongatingtrichomesinwild-typeand genetic

trichomemutants.
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STRUCTURE OF THE VACUOLAR ATPASE FROM NEUROSPORA CRASSA AS

DETERMINED BY NEGATIVE STAIN ELECTRON MICROSCOPY

William J. Dschida and Barry J. Bowman

Department of Biology, University of California, Santa Cruz, CA 95064

The vacuolar class of ATP-driven proton pumps is responsible for acidifying regions within the

endomembrane network of eucaryotic cells. Biochemical and molecular data suggest the vacuolar-

type ATPase to be comprised of at least nine different subunits with a total molecular weight of

approximately 700 kDa. Sequence analysis of the major subunits of the vacuolar-type ATPase

shows that the enzyme is homologous to the F-type ATPases found in chloroplast, mitochondrial,

and eu_acterial membranes.

Both the F-type and vacuolar-type ATPases are partitioned into two domains: a peripheral

sector which hydrolyzes ATP and a membrane-spanning channel through which protons are

passed. We have examined the structure of the vacuolar ATPase of vacuoles from the

filamentous fungus Neurospora crassa. Whether using intact or detergent-solubilized membranes,

the enzyme complex was strikingly similar to, yet distinctly different from, the F-type ATPase

structure found on mitochondrial membranes. The structure resembles a "ball-and-stalk" atop a

membraneousvesicle. The head domain measured approximately 12.5 nm in diameter and

displayed a distinct cleft down the middle of the complex. This domain was perched on a

prominent stalk roughly 3 by 8 nm long. Most intriguing was the presence of basal components

which appeared to project from the membrane at the base of the stalk.

The peripheral sector can be released from the membrane and examined as a soluble complex.

It appeared as a roughly spherical structure, 12.5 nm in diameter. The structural details seen in

the membrane-bound ATPase were retained after release from the membrane.
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DIFFERENTIAL EFFECTS OF SULFITE ON ATPASE AND PROTON PUMPING
ACTIVITY OF THE YEAST VACUOLAR ATPASE

Hem-ik Kibak, Thomas Cutler, Denis Van Eeckhout, Brad Yatabe, Jay Chaplin, Saundra Lee Taiz
and Lincoln Taiz.
BiologyDepartment, UniversityofCalifornia,SantaCruz, CA 95064

C_rmdient-purifiedvacuolarH+-ATPas¢ofS.cerevisieaeexhibitsnonlinearhydrolysis

kineticscharacterizedbyarapidinitialphase(vI)lastingforabout10m/nuts,followedbya

slowersteadystaterate(v2).SulfitestronglystimulatestheV-ATPase activityduringthev2

phaseofthereaction.Sincethev2 phaseisbelievedtorepresentaninhibitedsdtateofthe

enzymecausedbytightlyboundADP atthecatalyticsite,sulfitcmay stimulateactivityby

promotingreleaseofthetightly-boundnucleotidc.WhereasADP inhibitioninthepresenceof

chlorideisstrictlycompetitive,mixedinhibitionisobcrvcdinthepresenceofsulfit¢,suggesting

theparticipationofaregulatorysiteaswell.Sulfitealsoprotectstheenzyme againstcold-

inactivation,aswellasinhibitionbyNBD-CI,NEM andDCCD. Thesereusltsinduicatethat

sulfitecausesa conformationalchangeintheenzyme whichistrtansmitteddown tothechannel.

In contrast to its effects on hydrolytic activity, sulfite inhibits proton pumping by the V-

ATPase in sealed native tonoplast vesicles. When the hydrolysis assays are carded out under the

same conditions used for proton pumping, i.e. in the presence of glycerol, sulfite inhibits

hydrolysis as well. Thus it appears that the effects of sulfite are strongly influenced by A_tI-I+.
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MOLECULAR ANALYSIS OF THE A SUBUNIT OF THE YEAST VACUOLAR ATPASE:
THE ROLE OF CYSTEINES AND THE NONHOMOLC_OUS REGION

Thomas Cutler,KeithMaggert,BradYatabe,SaundraLeeTaizandLincolnTaiz,Biology

Department,UniverisityofCalifornia,SantaCruz,95064

Hannah NelsonandNathanNelson,Roche InstituteofMolecularBiology,Nutley,New Jersey,
07110.

The A subunit(-70kD) oftheeukaryoticV-ATPasecontainsseveralconservedcysteinc

residueswithinornearthecatalyticsitewhichmay accountforthesensitivityofV-ATPascsto

thesulfyhdrylinhibitor,NEM. We changedtwoofthese,Cys-254andCys-26I,toserinesand

testedfornitrate-sensitiveATPaseactivityandsensitivetoNEM andNBD-CI. Cys-261ismore

highlyconservedthanCys-254andislocatedadjacenttotheputativephosphoanhydride-binding

motif:GKTV. We alsotestedadoublemutantaswell.Allthreemutantsexhibitednitrate-

sensitiveATPase activity,indicatingthatthecysteinesarenotrequiredforcatalyticactivity.

Cys261->SerandthedoublemutantwerebothinsensitivetoNEM andNBD-CI,whereasthe

Cys254->Sermutantwas stillsensitivetotheseinhibitors.Theseresultss_!ggestthatCys-261is

thebindingsiteofNEM andNBD-CI.

We havealsoconductedexperimentstodeterminethefunctionofthe"nonhomologous

region."ThisdomainisabsentfromtheF-ATPase[3subunits,butispresentinarchaebacterial

ATPasesand isbelievedtorepresentan evolutionaryinsert.A stretchofseventyamino acids

fromArg-160toThr-230was deletedfromthenonhomologousregionoftheA subunit.The

mutantcellscontainingtheshortenedA subunitcouldgrowslowlyatpH 7.5,suggestingthatthe

V-ATPase iscatalyticallyactive.Likethewild-typeenzyme,thedeletionmutantisstimnulatcd

by sulfiteand inhibitedby zinc.However,themutantenzyme appearstobe stimulatedrather

thaninhibitedby nitrate.The resultssuggestthatthecharacteristicnitrate-sensitivityoftheV-

ATPasesmay beafunctionofthenonhomologousregion.
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EFFECT OF NITRATE O" THE PROTON GRADIENT AND
MEMBRANE POTENTLY- .)F THE TONOPLAST MEMBRANE OF
LETTUCE.

MargarethaBlom-Zandstra,Hans T.M.KootandJoke vanHattum,Centrefor
Agrobio/ogica/Research(CABO-DLO), P.O.Box 14,NL-6700AA
Wageningen,TheNetherands.

Formanyplant speciesnitrateis oneof several solutesthat
accumulateinthe vacuolesto maintaincellturgor.Accumulationof nitratein the
vacuolesmay riseto highconcentrations(upto 100 mM) and is inversilyrelatedto
the concentrationof organicacids.

Vacuolescontainalreadya largeprotongradientafterisolation,but
theydo not havea membranepotential.In thisconditionthey do nottake up
nitrate.Influxof nitrateinthe vacuolesis onlypossiblewhen a membranegradient
is generatedat the expense of ATP. Indeed,nitrate uptake is stimulatedby ATP.
Thisindicatesa couplingbetweennitrateandATPase.

Nitratealso inhibitsATPase activity,as shown abundantlyin the
literature.However,nitratecan also stimulateprotonpumpingby ATPase,
providedthat a membranepotentialis present.Thisdependsonthe orderof
addition:nitrateinhibitsATPase whenthe anionis addedto the assaybefore
additionof ATP. NitrateinitiatesprotonpumpingwhenATP is presentat the start
of the assay.

To studya situationsimilarto the one in the vacuoles,vesicleswere
usedwithan existingprotongradient,withoutor withan imposedmembrane
potential.The change of the protongradientor membranepotentialwere
monitoredwith quinacrineor oxonolfluorescencequenching,respectively.

Additionof nitrateto the vesiclesresultsin a transientincreaseof the

protongradientfollowedby a dissipation.Additionof PPi recoversthe proton
gradientcompletely.The appearanceof the transientincreasedependson the
nitratesaltused.The slopeof the dissipationdependsonthe the nitrate
concentrationandobeys MichaelisMentenkinetics.The dissipationlikelydue to
protonleakage,resultingfrom ATPase inhibitionby nitrate.

Additionof nitrateto vesicleswithan imposedmembranepotential
causesa dissipationof the protongra_:lient.Additionof PPi doesnot recoverthis
gradient.

The resultswillbe discussedinthe poster.
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THE VOLTAGE-DEPENDENT H + ATPASE OF THE SUGAR BEET VACUOLES IS REVERSIBLE

Gambale, F. * and He,drich, R.**

• Institute di Cibernetica e Biofisica, Via doecanesco 33, 1-16146, geneva, Italy

• * Institut fiir Biophysik, Uaiversit_t Hannover, Herrenhiuser Str. 2, 3000 Hannover 21, Germany

The vacuolar H+ ATPase is essential for the creation and maintainanceof solute gradients. Knowledge of the

reversalpotential expressed by the voltage and pH dependence of the pump determines the activity range of

the eazyme.

We studied the voltage-dependence of the pump using the whole-vacuolar configuration of the patch-clamp

technique (1). In the presence and absence of the pH gradientsacross the vacuolar membrane voltage-steps to

various depolarizing and hyperpolarizing potentials were applied. When the cytoplasmic surface of the

vacuolar membrane was perfused with Mg-ATP solutions, inward-directed H+ currents depolarized the

membrane potential. In the presence of Mg-ATP the current-voltage relationship of the pump was

characterized by an almost linear increase in inward H+ in the range of -20 mV to + 100 mV. Currents

generatedby the H+ ATPase tendto saturateat more positive potentials.

In the pteseace of a pH-gradient (inside-acid) the application of ADP+P resulted in the release of H+ from

the vacuole and hyperpolarization of the membrane potential. Our results indicate that under conditions

which thermodynamically allow ATP-synthesis the physiological direction of the H + fluxes through voltage-

dependentATP-hydrolyse can be reversed.

1. Hedrich, R., Kurkdjan,A., Guern, J. and Flfigge, U.I. (1989) EMBO J. 8, 2835-2841
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IN VITRO ASSEMBLY OF THE VACUOLAR-TYPE ATPASE

Randall.S.K.. Frev. R.K.. and Babb, 8,(3-

Indiana University-Purdu_ University at Indianapolis, Indianapolis, Indiana 46205-5132

The V-type, ATP-dependent proton pump is a complex enzyme composed of integral and

peripheral membrane associated sectors. This pump acidifies various endomembrane systems

in eukarotic cells, and in higher plants provides a major driving force for transport of

substances into the large central vacuole. In some systems, however, this enzyme appears to

reside on a membrane that is distinct from the vacuole membrane. We have found, for example,

that the membrane distribution of the V-type ATPase is different in vascular vs cortical tissues

derived from Aoium aveolens. In vascular tissue, the ATPase (as measured by western blot

analysis or activity) is found in a rather disperse distribution with virtually no activity in the

low density regions as is found in cortical tissues. Interestingly, H+-PPiase activity is not

differentially distributed in this manner, as this enzyme is uniformly found on low density
membranes.

Our efforts are focused on determining the molecular basis underlying biosynthesis,

assembly, and targeting of the V-ATPase. Initial results indicate that one of the peripheral

subunits (the 70 kDa subunit containing the catalytic ATP binding site) is assembled with the

integral membrane sector on the E.R. This is substantiated by the observation that mRNA

encoding this subunit (but not another peripheral subunit, the 60 kDa regulatory subunit) is

associated only with membrane-bound polysomes. Further, inyitro assembly assays indicate

the 70 kDa subunit can associate with microsomal membranes, however, only in the presence of

other mRNA encoded factors. It is therefor likely that the 16 kDa subunit (the integral

membrane proton pore) or other subunits may serve as assembly site. Despite the indication

that the catalytic subunit is synthesized and assembled on the E.R. membrane, it appears to be

neither translocated through nor inserted into the membrane and it has no apparent cleaved

targeting sequence. Interestingly the 60 kDa subunit is not assembled on the E.R. in vitro.These

data suggest that the V-ATPase is partially assembled on the E.R., and is subsequentlysorted to

the vacuolar membrane. At some point during its transit to the vacuole it becomes activated,

perhaps through the addition of the 60 kDa regulatory subunit and other ATPase subunits. This

is likely to occur sometime before transit through trans Golgi as acidification and ATPase

activity have been measured on this organelle. Efforts are presently focused on determining

requirements for the assembly of the 70 kDa subunit on the E.R. membraneand those

requirements for subsequent sorting to the vacuolar membrane.
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KINETICS OF THE VACUOLAR H*-PYROPHOSPHATASE: THE ROLES OF

MAGNESIUM, PYROPHOSPHATE, AND THEIR COMPLEXES AS SUBSTRATES,

ACTIVATORS AND INHIB1TORS

Roger A. Leigh, Ruth Gordon-Weeks, Andrew J. Pope, Inn R. Jemaings and Dale Sanders

Biochemistry and Physiology Department, AFRC Institute of Arable Crops Research, Rothamsted

Experimental Station, Harpenden, Hertfordshire AL5 2JQ, United Kingdom (R.A.L., R.G-W., Aj.P.); and

Biology Department, University of York, Heslingtoa, York Y01 5DD, United Kingdom (I.R.J., D.S.)

The responses of the vacuolar membrane (tonoplast) proton-pumping inorganic pyrophosphatase

(H.-PPasc) from oat (Arena sativa L.) roots to changes in Mg2+ and PPi concentrations have been

characterised. The kinetics are complex and reaction kinetic models have been used to determine which of

the various complexes of Mg and PPi are responsible for the observed responses. The results indicate that

the substrate for the oat root vacuolar H+-PPase is Mg2PPi and that this complex is also a non-competitive

itdfibitor. In addition, the enzyme is activated by free Mg2+,and competitively inhibited by free PPi. This

conclusion differs from that reached in previous studies (1, 2, 3) which proposed that MgPPi is the substrate

for plant vacuolar H*-PPases. However, models incorporating MgPPi as a substrate were unable to describe

the kinetics of the oat H+-PPase. Models incorporating Mg2PPi as the substrate can describe some of the

published kinetics of the Kalancho_ daigr_montiana vacuolar H+-PPase (3). Calculations of the likely

concentrations of Mg_PPi in plant cytoplasm suggest that the substrate binding site of the oat vacuolar H +-

PPase would be about 70% saturated in vivo.

In other studies using the residue-specific reagents, N-ethylmaleimide (NEM) and phenylglyoxal

(POG) we have found evidence for the presence of essential eysteine and arginine residues in the H +-PPase

(see also 4, 5). Preliminary results indicate that the histidine-spedtic reagent, diethylpyrocarbonate, is also

strong inhibitor. To investigate further the role of the various Mg and PPi complexes in the activity of the

PPase we determined their ability to protect the enzyme from inhibition by these reagents. Experiments with

NEM and POG have shown that both MgzPPi and free Mga*, but not free PPi, protect the PPase and that

they interact in their protective effects. These findings support the conclusion that Mg2PPi binds to the

enzyme and that it may be the substrate.

1. Johannes, E. and Felle, H.H. (1989) Physiol. Plant. 77, 326-331.
2. Walker, R.R. and Leigh, R.A. (1981) Planta 153, 150-155.
3. White, pal., Marshall, J. and Smith, J.A.C. (1990) Plant. Physiol. 93, 1063-1070.
4. Britten, CJ., Turner, J.C., Rea, P.A. (1989) FEBS Lett. 256, 200-206.
5. Kuo, S.Y. and Pan, R.L. (1990) Plant Physiol. 93, 1128-1133.
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MOLECULAR PROPERTIES OF VACUOLAR H+-PPase AND INTEGRAL

MEMBRANE PROTEIN

Masayoshi Maeshirna

Institute of Low Temperature Science, Hokkaido University, Sapporo 060, japan

Transport of ions and metabolites at the vacuolar membrane is supported by

two proton pumps, H+-pyrophosphatase (PPase) and H+-ATPase. We are conducting

a series of experiments to characterize the proton pumps and the other elementso

of vacuolar membrane at molecular level. The H+-PPase (1) and H*-ATPase (2)

were purified from mung bean hypocotyls previously. In contrast to the ATPase

(nine subunits), the PPase is a compact energy-transducing enzyme consisting of

a single polypeptide of 73 kD (1). This will be confirmed by reconstitution of

the enzyme into liposomes. The functional form of PPase may be a homodimer (3,

4). The antibody against mung bean PPase reacted with the enzymes from marine

alga (Acetabulaz-ia aceCabulum, 5) and photosynthetic bacteria (Rhodospirilum

rubrum, 6), but not with yeast cytoplasmic PPase or rat liver mitochondrial

PPase (7). The PPase requires Mg2+ as a stabilizer and activator. Calcium ion

strongly inhibits the enzyme through formation of CaPPi (7). These enzymatic

properties are similar to the soluble PPase. The PPase is a key enzyme for

understanding the molecular evolution of H+-translocating enzymes and the

mechanism of biogenesis of vacuolar membrane in elongating cells (8).

Recently, a major integral protein (23 kD, VM23) of vacuolar membrane was

purified from radish (9). VM23 was extracted from the membranes by chloroform:

methanol, and the hydrophobic carboxyl modifier DCCD bound to it. This

hydrophobic protein is one of the abundant, conserved proteins among higher

plants. The function of VM23 remains to be investigated.

1. Maeshima M, Yoshida S (1989) J Biol Chem 264, 20068-20073
2. Matsuura C, Maeshima M, Yoshida S (1990) Eur J Biochem 187, 745-751
3. Maeshima M (1990) Biochem Biophys Res Commun 168, 1157-1162
4. Sato M et al. (1991) FEBS Lett 290, 177-180
5. Ikeda M et al. (1991) Biochim Biophys Acta 1070, 77-82
6. Nore BF et aI. (1991) Biochem 13iophys Res Commun 181, 962-967
?. Maeshima M (1991) Eur J Biochem 196, 11-17
8. Maeshima M (1990) Plant Cell Physiol 31, 311-317
9. Maeshirna M (1992) Plant Physiol 98, (April issue)
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RECONSTITUTION OF TRANSPORT FUNCTION OF VACUOLAR H.-TRANSLOCATING
PYROPHOSPHATASE

Zhen, R-G., Britten, C.J., Kim, E.J. and Rea, P.A.

Plant Science Institute, Department of Biology, University of Pennsylvania, Philadelphia,
PA 19104, USA

With the long-term objectives of defining the precise transport capabilities and structure-

function partitioning of the vacuolar H*-translocating inorganic pyrophosphatase (H'-PPase) a

method is described for reconstitution of the transport function of the enzyme prepared from

etiolated hylmcotyls of Vigna radiata. The method entails sequential extraction of isolated tonoplast

vesicles with deoxycholate and CHAPS, admixture of CHAPS-solubilized protein with cholate-

dispersed cholesterol:phospholipid mixtures, dialysis and glycerol gradient centrifugation. The

final density gradient-fractionated proteoliposome preparation is 9-fold enriched for PPase activity

and active in PPi-dependent, electrogenic H'-translocation. Since PPi hydrolysis and PPi-

dependent H.-translocation by the proteoliposomes are indistinguishable qualitatively from the

corresponding activities of native tonoplast vesicles, the functional integrity of the H*-PPase

appears to be conserved throughout the solubilization and reconstitution protocols. These

characteristics, in conjunction with the amenability of the preparation to both radiometric membrane

filtration and fluorimetric assays, demonstrate its applicability to a broad range of transport assays.

SDS-PAGE analysis of the reconstituted enzyme reveals selective enrichment of the

previously identified Mr 66,000, substrate-binding subunit of the H'-PPase (1, 2, 3) and two

additional polypeptides of Mr 20,000 and 21,000. The sufficiency of the Mr 66,000 subunit,

alone, for PPi-dependent H'-translocation and the involvement of the Mr 20,000 and 21,000

polypeptides in PPase function will be discussed with regard to the results of studies directed at

determining the transport-competence of reconstituted preparations depleted or enriched for the

latter two polypeptides. In the light of recent electrophysiological studies implicating the H'-PPase

in energized K. transport across the tonoplast (4), data concerning the capacity of the reconstituted

enzyme for at.tH.-independent, PPi-energized H'-K . symport will also be presented.

1. Maeshima,M. and Yoshida,Y. (1989) J. Biol. Chem.264, 20068-20073.
2. Rea,P.A., Britten,C.J. and Sarafian,V. (1992) Plant Physiol. in press.
3. Briuen,C.J., Turner,J.C. and Re,a, P.A. (1989) FEBSLetters 256,200-206.
4. Davies,J.M., Re.a,P.A. and Sanders,D. (1991) FEBSLetters278, 66-68.

Supported by DOE Grant DE-FG02-91ER20055.
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CALCIUM EFFECTS ON THE PYROPHOSPHATASE ACTIVITY OF THE

TONOPLAST FROM ACER PSEUDOPLATANUS CELLS.

C. Trossat, T. Magnin, A. Fraichard, and A. Pugin.

Laboratoire de Biochimie et Biologie Mol_culaire. U.ER. Sciences et Techniques.

16, mute de Gray. 25030 Besant;on cedex. FRANCE

Two protons pumps, H+-ATPase (adenosine triphosphatase) and H+-PPase

(pyrophosphatase) are associated with the tonoplast of Acer pseudoplatanus cells (I). The proton

gradient provide an energy source which can be used for secondaw transports. The H+-PPase has

been _raeterized and purified (1,2). The present paper reports the effects of calcium on both

tonoplast bound- and purified PPase in order to investigate its possible regulation by

phosphorylation/dephosphorylation reactions catalysed by Ca2+/CAM dependent protein kinases.

Tonoplast vesicles were obtained from isolated vacuoles (3). PPase is purified by gel

filtration (Sephacryl FIR 200) and anion exchange chromatography (FPLC, Mono Q column). The

PPase activity (MgPPi hydrolysis) was measured in presence of free Ca2+, with or without

calmodulin (CAM) and in the presence or in absence of CaM antagonists (trifluoperazine or WT).

The tonoplast bound- and purified PPase activities were inhibited by Ca2+. Calcium

decreased the tonoplast PPase activity to 50 %at I0 gM Ca2+ compared to 20 %for purified PPase.

Futhermore, inhibition by Ca2+ of tonoplast bound-PPase and purified PPase activities were

reversed after addition of EGTA. The addition of CaM did not modify Ca2+ effects but CaM

antagonists inhibited the activity of tonoplast bound-PPase (150=100 IxM trifluoperazine and

150=300 IxMW7) and were uneffective on the purified PPase.

..

CONCLUSION : Ca2+ inhibits both tonoplast bound- and purified PPase activities; inhibition was

immediate and reversible as reported for the tonoplast PPase of mung bean (4). The sensitivity of

the purified PPase to Ca2+ did not exclude an inhibition of the PPase by Ca2+/CaM dependent

phosphorylation reactions. Indeed CaM antagomsts inhibited tonoplast bound-PPase activity and

not purified enzyme. Taken together, our results suggest that the vacuolar PPase is sensitive to Ca2+

and could be regulated by Ca2+/CaM dependent protein kinases.

1. Pugin A., Magnin T. and Gaudemer Y. (1991). Plant Sci. 73, 23-34.

2. Fraichard A., Magnin T. and Pugin A. (1991). PLant Physiol. 96 (S), 159.

3. Pugin A., Montrichard F., Le Quoc K. and Le Quoc D. (1986). Plant Sci. 47, 165-172.

4. Maeshima M. (1991). Eur. J. Biochem. 196, 11-17.
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ION TRANSPORT SYSTEMS IN ACETABULAR I A

Ikeda, M., Moritani, C., Satoh, S., Kimura, M. and Ohhashi, T.

Department of Physiological Chemistry, Faculty of Pharmaceutical Sciences,

University of Okayama, Okayama 700, Japan

Oesterhelt, D.

Department of Membrane Biochemistry, Max-Planck-Institute of Biochemistry,

W-8033 Martinsried, Federal Republic of Germany

A. Cl--translocating ATPase in Acetabularia acetabulun_ ,,,, , J JJ

(I) Biochemical studies: A C1--translocating ATPase was isolated from A.

acetabulum (I). _ne enzyme consisted of two subunits (a, 54 kDa; b, 50 kDa),

and amino acid sequences of peptides isolated from the subunits showed 40 to

I00_ similarity to the _ and _ subunits of chloroplastATPase in higher

plants, respectively. Reconstitution studies (2,3) revealed that the

binding of 2 CI- per enzyme molecule was required for the CI-- transport and

Br- and F- diminished the ATP-driven CI- transport activity.

(2) Molecular cloning: A DNA fragment (ca. 160 bp) encoding the a subunit
w

of the Cl -ATPase was isolated after amplification of a cDNA library.

B. Cation-translocating ATPases in A. acetabulum

The _¥ complex of the chloroplast ATPase was purified and character-

ized. A vacuolar ATPase and inorganic pyrophosphatase were identified by

their H+- transport activities and immunoreactivities with the antibodies

against the large and small subunits of mung bean vacuolar ATPase, and pyro-

phosphatase (4). The PCR products encoding the _ (270 bp) and B (270 bp)

subunits of CFI-ATPase , and the large (280 bp),and small (690 bp) subunits of

vacuolar ATPase were isolated and cloned. The deduced amino acid sequences

showed high similarity (over 90%) to the analogous subunit from the higher

plant enzymes.

C. Sulfate permease in A. acetabttlum

A 359 bp fragment was isolated after amplification by PCR. The deduced

amino acid sequence showed 55% identity to Anacystis nidulans CysA protein

involved in sulfate permease complex.

I. Ikeda, M., Schmid, R. and Oesterhelt, D. (1990) Biochemistry '27, 2057-2065.

2. Ikeda, M. and Oesterhelt, D. (1990) Biochemistry 27, 2065-2070.

3. Ohhashi, T., Katsu, T. and Ikeda, M. (1992) Biochim. Biophys. Acta, in press.

4. Ikeda, M., Satoh, S., Maeshima, M., Mukohata, Y. and Moritani, C. (1991)

Biochim. Biophys. Acta 1070, 77-82.
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EVIDENCE FOR CA++-GATED PROTON FLUXES IN CHLOROPLAST THYLAKOID

,V[EMBRANES: CA ++ CONTROLS A LOC/ALIZED TO DELOCALIZED PROTON GRADIENT

SWITCH

Dilley, R. A., Wooten, D. C., Renganathan, M., Pan, R.-S., and PfUndel, E.

DepLof BiologicalSciences,PurdueUniversity,WestLafayette,IN 47907 U.S.A.

Chloroplastthylalmid ATP formationcan be drivenby eitherlocalized or delocalized protongradients,and

the coupling response can be reversibly switched by several treatments, all of which act through perturbing

membrane-boundCa++ (1,2). Direct measurementof lumenal pH using pH-sensitive fluorescent dyes loaded into

the lumen showed thatthe lumen pH did not reach the energetic thresholdpH underactive phosphorylation(ApH_<

1.7 units when >7..3units are required)in the localized-mode thylakoids (low-salt stored), but with the delocalized

mode thylakoids the ApH was _..2.5(high.salt stored). The low-salt stored thylakoidsgave a ApH_.2.5 underbasal

conditions, the same ApH rangeas forhigh-sah storedmembranes in either basalor coupled conditions.

Covalently linked probes(photoaffinity labeling with [3H]chlorpromazine) for tight Ca++:protein adducts

showed that the 8 kDa CF0 partof the H+ channel either provides, or is close to, the Ca++ binding site involved

with the H+ gradientgating events (2). The purified9 subunitCF0-CF1 reconstitutedinto liposomes also showed a

strong photoaff'mitylabeling of the 8 kDaCF0 proteolipid.

Evidence for gating of H+ fluxes at the CF0 H+ channel structuresuggests that the gating site, and hence

the putative Ca++ binding site, is at the innerboundaryof CF0 H+ channel; i.e., at the lumenal side of the CF0.

The evidence for this is thatchlorpromazinebinding to the 8 kDa proteolipid blocks H+ flux from both directions

With chlorpromazine bound to the C'F0, electron transport-drivenH+ uptakecan occur into sequestered domains,

sufficient to driveactive, localizedAiIH+-drivenATP formation, but the H+ ions do not readily equilibrate into the

lumen, as judged by the failureof lumenally located amines to give extra H+ uptake. Chlorpromazinebound to the

CF0 can also block the succinate-driven dark acid-base-driven ATP formation, by blocking lumenal H+ ions -

originating from the succinic acid - from effluxing out throughthe CF0 channel. In both cases, the chlorpromazine

blocking action is not a complete block, ratherit appears that the drug increases the Ca++ binding affinity at the

gating site; i.e., by decreasing the pKa of the putative Ca++ binding carboxyl groups. By increasing the acidity

either by a lower (lumen) pH in the acid pan of the acid-base jump or by a greaterredox-drivenH+ uptakeinto the

sequestereddomains, the chlorpromazineblocking action can be overcome. We interpretthis as resulting from the

eventualprotonationof the Ca++ bindingcarboxylgroups with displacementof the Ca++ andgate opening.

The localized +-+dclocalized H+ gradientgating appearsto be coupled to other physiologically important

events in chloroplasts includinga high light stress protectiveresponse involving the violaxanthin, zeaxanthin cycle

The V--+Zconversion requirespH <5.9 formaximum activity. We found that significant differences occurred in the

V--_Zconversion when the localized A_iH+coupling was compared to delocalized A_iH+. This could indicate an

interestingstressresponsesignal associatedwith shifting from localized to delocalized energycoupling modes.

I. Chiang, G. and Dilley, R. A. (1987) Biochemistry 26, 491I.

2. Dilley, R. A. (1991) Curr. Topics Bioenergetics 16, 265.



220
MEMBRANE TRANSPORT MODIFIED BY MICROBIAL PHYTOTOXINS

I. Dahse, A. Hattenbach, C. Schmldt, F. Bublitz, H. Felle I) &

C.M. Willmer 2)

Biological Faculty, Frledrlch-Schiller-UniversltMt Jena, Phil-

osophenweg 12, 0-6900 Jena, F.R.G.

*)Institute of Botany, Justus-Liebig-Unlverslt_t GieBen, Sencken-

bergstr. 17-21

2_ Department of Biological Sciences, University of Stirllng,

Stlrling FK9 4LA, U.K.

The attack of phytopathogens to plant cells often starts with or

is accompanied by the release of toxins. On their way to the

target(s) the plasmalemma (PL) is the first site of interaction

of toxins. Irrespective whether they remain within the PL or

pass it, they can modify the membrane properties and functions.

For transport processes, the energization of the PL is an

important parameter. The PL proton pump ensures energization by

buildlng up and maintaining the electrical potential difference

(PD) and the proton gradient across the PL provided ion leakage

does not shunt the membrane. This well-regulated process might

be disturbed by the interaction with phytotoxins.

On the basis of the GOLDMAN-HODGKIN-KATZ, a modified HODGKIN-

HOROWICZ and the GOUY-CHAPMAN-STERN equations, we developed a

strategy to investigate such interactions. It includes measure-

ments on planar bllayer membranes (BLM), liposomes, membrane

vesicles, protoplasts, vacuoles, membrane patches and the whole

cell. The well-known phytotoxlns fuslcoccln (FC) and tentoxin as

well as the less characterized coronatlne, phaseolotoxin and

syrlngomycin were examined with respect to their effects on the

model membranes (BLM resistance, surface potential of liposomes)

and on biomembranes (PD across the PL, I-U curves and medium

acidification by tissues using leaves, leaf cells and their

protoplasts of Egerla densa the energization of PL vesicles from

Chenopodium rubrum and of vacuoles from Rlccla flultans) as well

as on stomatal opening in epidermal strips of Commellna
communls.

The results approved the strategy. Full consistency was ob-

tained with FC, syrlngomycln, and tentoxin. Less conclusive

results were obtained for the remaining phytotoxins suggesting

that their target(s) are not membrane-bound. The efficacy of

variation of this strategy is discussed.
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The attack of phytopathogens to plant cells often starts with or

is accompanied by the release of toxins. On their way to the

target(s) the plasmalemma (PL) is the first site of interaction

of toxins. Irrespective whether they remain within the PL or

pass it, they can modify the membrane properties and functions.

For transport processes, the energlzatlon of the PL is an

important parameter. The PL proton pump ensures energizatlon by

building up and maintaining the electrical potential difference

(PD) and the proton gradient across the PL provided ion leakage

does not shunt the membrane. This well-regulated process might

be disturbed by the interaction with phytotoxins.

On the basis of the GOLDMAN-HODGKIN-KATZ, a modified HODGKIN-

HOROWICZ and the GOUY-CHAPMAN-STERN equations, we developed a

strategy to investigate such interactions. It includes measure-

ments on planar bilayer membranes (BLM), liposomes, membrane

vesicles, protoplasts, vacuoles, membrane patches and the whole

cell. The well-known phytotoxins fuslcoccin (FC) and tentoxln as

well as the less characterized coronatlne, phaseolotoxin and

syrlngomycln were examined with respect to their effects on the

model membranes (BLM resistance, surface potential of llposomes)

and on biomembranes (PD across the PL, I-U curves and medium

acidification by tissues using leaves, leaf cells and their

protoplasts of Egerla densa the energization of PL vesicles from

Chenopodium rubrum and of vacuoles from Riccia flultans) as well

as on stomatal opening in epidermal strips of Commelina
communis.

The results approved the strategy. Full consistency was ob-

tained with FC, syringomycin, and tentoxin. Less conclusive

results were obtained for the remaining phytotoxins suggesting

that their target(s) are not membrane-bound. The efficacy of

variation of this strategy is discussed.
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EFFECTS OF BETICOLIN, THE YELLOW CERCOSPORA BETlCOLA TOXIN ON

THE PLASMALEMMA ATPase ACTIVITY AND ON THE TONOPLAST ATPase

AND PYRQPHQSPHATASE ACTIVITIES

"Milat M-L, "'Fraichard A., °Blein J-P, and "*Pugin A.

"Laboratoire de Phytopharmacie, INRA, BV 1540, Dijon-Cede;( 21034, France

°°Laboratoire de Biochimie el de Biologie Moleculaire, Faculte des Sciences, 16 Rte de

GRAY, 25030 Besan(;on-C6dex, France

Beticolin was extracted from Ihe mycelium of Cercospora betlcola, The structure has been

elucidated by X.Ray analysis (1). The formula of the compound is 031 H23CIO13 (MW 638).

o°o ',_-..._ The effects of the toxin have been investigated on
OH CI

• CO..M. __ _ the maize root plasma membrane ATPase after

_.i_:._o._ /k.._ .,,...---..d \\//:L/.._ __ _E. _OH solubilizalion and reactivation using
lysophosphalidylcholine. Beticolin inhibited the

plasma membrane ATPase activity (150=4.8_M).

This inhibition depended on incubation time, pH and lipid/protein ratio. Lineweaver-Burk

plot analysis revealed competitive inhibition kinetics (Ki=l.7pM). These effects are

similar than those previously reported for CBT (2). Beticolin was assayed on ATPase and

PPase activities of Ionoplast obtained from isolated vacuoles of sycamore cells. II inhibited

both activities bul only with a weak incubalion time dependency. The ATPase was more

sensitive than the PPase ; a total inhibition of lhe ATPase aclivily was obtained whereas

PPase was very slightly inhibited (15%). As mentioned above for the plasma membrane

ATPase, the inhibition ol the tonoplast ATPase by beticolin was competitive with respecl for

ATP (Ki=76nM) and thus the lonoplasl ATPase was much more sensitive than the PM

ATPase.

Conclusion : We identified a yellow phytoloxin produced by Cercospora beticola and

sludied its inhibilory effects on plasmalemma and tonoplast ATPase activilies. Recently,

Hossain et aL reported the structure of a compound they named "cebelin" which is an isomer

of the beticolin studied in the presenl work (3) All lhese data suggest that the yellow toxin

of Cercospora beticola previously called CBT includes differenl isomers. This hypothesis is

supported by experiments in progress _n our laboratory which show that C. beticola

mycelium contains other yellow compounds w_lh the same chemical skeleton. Furthermore,

the production of all these toxins varied wllh Ihe strain cultivated and the growth medium
used.

1 Milat M-L., Prange T.. Ducrot P-H., Tal:)el J.C, E_nhornJ., Blem J-P. and Lallemana J-Y
(1991) J, Am. Chem. Soc,, in press

2 Blein J.P., Bourcltl I., Rossignol M., and Scalla R (1988) Plant Physiol,, 88, 429-434.
3 Hossa_n M.B, van tier Helm D., Jalal M A F and Robeson D.J. (1991) Ann. Meet Am

Crystal Ass., July 21-26, Toledo, Oh=o
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PURIFICATION AND CHARACTERIZATION OF THE CALLOSE SYNTHASE OF THE

PLANT PLASMA MEMBRANE

LarsSnogerup,KarinFredrikson,ChrlsterLarsson,PerKjellbom.PlantBiochemistry,Univ.of

Lund,POBox7007, S-220 07 Lund,Sweden.

The 1,3-13-glucansynthase(callosesynthase)was solubilizedfromcauliflower(Brassicaoleracea

L.) plasmamembraneswithdigitoninandpartiallypurifiedby ionexchangeandgelfiltration

FPLCusingCHAPSintheelutionbuffers(1,2,3).These initialstepswerenecessaryto obtain

specificprecipitationof theenzymeduringproductentrapment,the finalpudrcationstep.Five

polypeptidesof 32, 35, 57, 65 and66 kDa werehighlyenrichedinthe finalpreparationandare

likelycomponentsof thecallosesynthasecomplex.The purifiedenzymewasactivatedbyCa2+,

spermineandcellobioseinthesamewayas theenzymeinsitu,indicatingthat noessentialsubunits

weremissing.Thepolyglucanproducedbythepudfiedenzymecontainedmainly1,3-1inked

glucose.However,8% oftheglucoseresidueswere4-1inkedwhichmayindicatethattheenzyme

hastheabilityto makeboth1,3- and1,4-polyglucans.Theproteincomplexmaybe identicalto the

rosettesof theplasmamembraneputativelyinvolvedincellulosesynthesis(4). Sincethreeof the

five polypeptideswere N-terminallyblockedwe havefurtherimprovedthe recoveryof

functionallyactivemultiproteincomplexinorderto generateenoughmaterialfor proteolytic

cleavageanddeterminationof internalaminoacidsequences.ByusingPCR witholigonucleotide

primersbasedon partialaminoacidsequenceswe intendto clonethegenescodingfor the

polypeptides,andby usingantiseraraisedagainstsyntheticpeptidesweproposeto discernwhether

thecalloseandthecellulosesynthesizingactivitiesare locatedinthesamemultiproteincomplex.

1. Kjellbom P & Larsson C (1984) Preparation and polypeptide compositionof chlorophyll-free plasma
membranes from leaves of light-grownspinach and barley. Physiol Plant 62:501-509

2. KjellbomP, Chory J & Lamb CJ (1990) Molecular biologyof the plasma membrane - Perspectives. -In
The Plant Plasma Membrane: Structure, Functionand Molecular Biology,pp 376-402. Springer Verlag,
Berlin.

3. Fredrikson K, Kjellbom P & Larsson C (1991) Isolationand polypeptidecompositionof 1,3-13-glucan
synthase from plasma membranes of Brassica o/eracea. PhysiolPlant 81 :289-294

4. Delmer DP (1987) Cellulose biosynthesis.Annu Rev Plant Physiol38:259-290
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TISSUE SPECIFIC REGULATION BY NACL OF TONOPLAST ATPASE GENE EXPRESSION

Binzel, M.L.

Texas A&M University Agricultural Research and Extension Center,

1380 A&M Circle E1 Paso, TX 79927

Osmotic adjustment and the avoidance of toxic cytosolic

concentrations of Na . and CI" are two of the principal requirements

for plants to survive and grow in a saline environment. The

generation and maintenance of adequate H. electrochemical

gradients is critical to facilitated solute transport and

consequently is an integral component of physiological adaptation

to saline environments. While some of the biochemical and

physiological processes inherent to salt tolerance are likely to

be similar in all cells of the plant, the organismal aspects of

solute uptake and partitioning suggest that there will be

variations between different organs and tissues for many processes

associated with solute transport.

Examination of the NaCl induced accumulation of mRNA for the

70 kDa subunit of the tonoplast H.-translocating ATPase reveals

an increased accumulation of this message in older expanded leaves

of tomato plants treated with Natl. No increase in accumulation

of this message was observed in either the young unexpanded

leaves, or in the roots of these plants. This data is in accord

with the reported patterns of tissue specific ion accumulation,

where Na . was found to be preferentially localized in older

leaves. The levels of mRNA for the 70 kDa subunit in the roots

and young leaves of control plants (no salt) were approximately

equivalent to the amount of this message in the expanded leaves

of plants treated with 400 mM NaCI. These results not only

support a role for altered expression of the tonoplast ATPase

genes in salt tolerance, but suggests that the demands for H.

electrochemical potential vary relative to the demands for osmotic

adjustment and ion compartmentation in different tissues.
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MEMBRANE POTENTIAL DEPENDANT SODIUM UPTAKE INTO RIGHT-SIDE-

OUT PLASMAMEMBRANE VESICLES ISOLATED FROM WHEAT ROOTS.

G.J.Allen, R.G.Wyn Jones and R.A.Leigh"
University College of North Wales, Bangor, Gwynedd, UK LL57 2UW
& *Rothamsted Experimental Station, Harpenden, Herts. UK AL5 2JQ.

We are studying Na . transport processes in wheat root

plasmamembrane vesicles, prepared by aqueous polymer two phase

partitioning _, in relation to an enhanced K_/Na . discrimination

trait located on the 4D chromosome 2. Enzyme latency studies

demonstrated that the vesicles were 80-90% right-side-out,

therefore any Na . uptake is equivalent to influx in vivo. A

filtration assay was used to measure 22Na. uptake in response to

membrane potentials imposed by either K*-valinomycin clamps or by

inside-acid pH jumps. The existence and magnitude of membrane

potentials was demonstrated by the uptake of the lipophilic

cation tetraphenylphosphonium which accumulated in proportion to

the imposed membrane potential. Na . uptake characteristics were

determined, and the effects of various ion channel inhibitors

investigated to determine whether transport was via specific
channels.

Sodium influx was stimulated by inside negative membrane

potentials with a log-linear flux vs voltage relationship. The

Km for Na . at -i00 mV was 34.8 ±6 and the pH optima for uptake

between 5.5 & 6.5. The ion channel inhibitors tetrodotoxin

(TTX), saxitoxin (STX), Ba 2., Cs 2., quinine, verapamil and Ca 2.

inhibited Na . uptake at -i00 mV, whereas tetraethylammonium

La '. and Gd ". had no effect The I,o for(TEA), ruthen_1:m red, ,

TTX and STX was 3-4 _M, i00 fold higher than for animal Na .-

Ba 2_ and quininechannels. Inhibition of Na . influx by TTX, STX,

is membrane potential dependant. The range of channel blockers

which are inhibitory suggests uptake is via a non-specific cation
channel.

Na . uptake at -i00 mV into vesicles isolated from hexaploid (+4D)

and _etraploid (-4D) wheat was not significantly different

indicating that transport via this channel does not account for

the observed characteristics attributed to the K./Na _

discrimination trait.

Work is now proceeding to determine whether Na./H . antiport

systems are present in the vesicles and whether these are the

point of control of the K./Na _ discrimination trait.

_Berczi et ai.,(1989) Physiologica Plantarum 77, 12-19.
2Gorham et ai.,(1987) Theoretical & Applied Genetics 74, 584-588
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THE EFFECTS OF Ha + ON ATP HYDROLYSIS AND H . TRANSLOCATION IN

ROOT PLASMA MEMBRANE VESICLES

Wickens,L.and Cheeseman,J.

DepartmentofPlantBiology,UniversityofIllinois,Urbana,Illinois61801,USA

Whole plantstudiesusingSpergulariamarina have demonstratedthat successfulNa°

management inthisspeciesiscontrolledintherootswhereunidirectionalNa* fluxesand netH*efflux

ratesacrossthe plasma membrane are extremelyhigh and where Na* doesnot accumulatetoits

electrochemicalpotential(1,2).These datasuggestthata substantialA_so.ispresentas wellas a

A_H.. We arecharacterizingthegenerationoftheseforcesusingrootplasma membrane vesicles

isolatedfromplantsgrown atlow and highsalinityand determiningthe degreetowhich theforces

areindependentorintegrated.We reportheretheNa*-dependentmodificationsoftheactivitiesofthe

P-typeH*-ATPasewhichgeneratestheA_H..ATP hydrolysisactivitywas determinedby therelease

ofPi. H °translocationactivitywas monitoredwithabsorbancechangesinthe weak baseacridine

orangeduringtimecoursesofvesicleacidification.Time coursedatawerefitwitha monoexponential

asymptoticdecayfunctiontoquantifykineticparameters.

Na*-dependentreductionsinATP hydrolysisandH °translocationactivitieswerepH-dependent

(beingmost pronouncedat high pH) and independentofthe salinityof the growth media. The

additionofNaCl toK °media atpH 7.7reducedthespecificATPase activityby 35% but itproduced

no changeatpH 6.5or 7. NaCl (butnotNa*-gluconate)reducedvesicleacidificationatpH 6.5and

7 by 30% to40%; itinhibiteditentirelyatpH 8,conditionsunderwhicha largeApH was generated

usingK*. The datasuggestthatNa" disruptsK*-stimulatedactivitiesathighpH; theNa* effecton

vesicleacidificationmay be Cr-dependent.

Na* protectedagainstvanadateinhibitionof both ATP hydrolysisand H* translocation

activitieswhen itwas partiallyortotallysubstitutedforK*;inlowsalinityplants,vanadateinhibition

was reducedby 40% to50%, and inplantsgrown athighsalinity,vanadateinhibitionwas nearly

completelyovercome.ThesedatasuggestthatNa* protectsagainstK*-dependentvanadateinhibition

oftheplantplasmamembrane P-typeH*-ATPAse ina manner similartothatobservedfortheanimal

cellplasmamembrane P-type(Na*,K*)-ATPase(3).

i. Cheesemem,J.,Bloebaum,P. and Wickens,L.(1985).Physiol.Plant.65:460-466.

2. Lazof,D. and Cheeseman,J.(1988).PlantPhysiol.88:1274-1278.

3. Sachs,J.(1987).J.Gen.Physiol.90:291-320.
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PLASMA MEMBRANE AND TONOPLAST ATPase AND K+-STIMULATED PYROPHOSPHATASE

ACTIVITIES IN NaCI-ADAPTED ACER PSEUDOPLATANUS CELLS

Zir_i, L., Anzani,P. and Lado P.

De_ of Biolqgy,Universityof Milan, Via Ce/aria26, 20133 Milano, Italy

_he adaptationto Na+ salts of the g/3cxCt_tesinvolves an _tion into the vacuole of

Na+ which lo_zs cellular oa.otic potentialand a_oids tmcLc effect in the cytz_lam (1,2).An

m__ of m+/H+ _ by _cl _ _ _ _ _ _ __ (3,4).
tzw_0o_c of Na+ in to tPe vacuole is ener_iz_ by the H+ el_cal _lient across the

trumpet_ by_ _vi_es of_ H+AmUse_d a K+__e.
In this work we _ the sctivitiesof the plasma mmt_me a_ tanopla_ _ and of

theK+4Paseinn=m_ and_aptsdoeUs(at_ phaseof m_h). CeU _on

cul_ of _ ___ _ve _ __ w_ in.c1 oon_a_s _ _8o_ by a
s1_ trestmmutwihh _ salt ooncerdrations.The results mhow _hat the activitiesof

va_t_-sm_ttive _d nitratm_msitive ATPases (me_wed in 8.000-108.000 g mi_ and in

plas.a _ cr tonoplast enri_ fractions)were not significantlydifferent in the I_o

_ _ ceus. _ _ _n_m_,_K +_t_ _ __ty _ _._him_ m a_p_d_n

innmval cells(tom +60to +200_).pS dependsx_andionic_lremaulm f_ this_

thesa_ innonml a_ adaptedcells._hehalfmaximalrat_ofK+-stimulatsdPPaseactivity_as

obtainedat 8bout 24 uY PPi in mi_ Im_ from both types of cells. _ PPmse activity

in mi_ winsactivatmdby deter_ such as Brij 58R and Triton X-lO0 more in

adaptedthan in nomml cells.

I. Maillot,C., _, A. amd Heller,R. (1983)PhysiolcEieV_tale 21, 501-607.

2. Blnzel,M.L., Hess, F.D., Bressan,R.A. and _ P.M. (1988)Plant Physiol.86, 607-624.

3. Blum_ald,E. and Poole,R.J. (1985)Plant Physiol.78, 163-167.

4. Gambarino,G. and D_Oont,F.M. (1988)Plant Physiol.86, 231-236.
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NA . FLUXES IN CHARA: A COMPARISON BETWEEN SALT SENSITIVE

CHARA CORALLINA AND SALT TOLERANT CHARA BUCKELLll.

Whittington, J. and Bisson, M.A.

Department of Biological Sciences, 109 Cooke Hall, State University of New York at Buffalo, Buffalo, N.Y.,

14260, USA.

Both the obligate freshwateralga, Chara corallina and the euryhaline alga, Chara buckellii can survive in solutions

containing 70 tool m"3 NaCI as long as the Ca2+:Na+ ratio is maintained at about 1:10 (1,2). C. buckellii can

survive approximately 5 days in 70 tool m"3NaCI with low (0.1 mol m"3)external Ca2+ whereas under the same

conditions C. corallina usually dies within 24 hours (1,2). Under these conditions cell death has been associated

with a cytotoxic influx of Na+. Previous studies indicate that increased Na+ influx at elevated salinity is due to the

increase in APNa, not to a change in PNa (3). The addition of Ca2+ acts to decrease PNaand so reduce Na+ influx.

Fig. 1 shows the depedanee of Na+ influx on Ca2+ concentration for C. corallina after 90 minutes of exposure to 20

moim -3 Na+ and Fig 2. shows the same for C. buckellii, After 48 hours exposure to this solution Na+ influx in

C. buckellii shows the same dependance on Ca2+ concentartion as does C. corallina in Fig. 1. The onset of the

sensitivity of Na+ influx to external Ca2+ is much slower in C. buckellii than in C. corallina.
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[Ca2+] / mol m-3 [Ca2+] / mol m-3
Na+ influx into C. corallina (Fig. 1)andC. buckellii (Fig. 2) after90 minutesin 20 moi m-3NaCi, 0.05 mol m-3
K2SO4, 2.5 mol m"3HEPES, pH 7. Data points represent the mean and SE of 10 cells.

It has been proposed that Ca2+ inhibitable Na+ influx (for C. corallina at least) is due to the passage of Na+

through K+ channels, the permeability of which can be increased by high monovalent cation concentrations and can

be reduced by a high concentration of divalent cation (4). The mechanisms for Na+ uptake into C. corallina and C.

buckellii will be discussed in relation to the effect of various K+ channel blockers (eg. La3+, TEA+, Ba2+) on PNa.

1. Hoffmann, R., and Bisson, M.A. (1988) Plant, Cell and Environment. 11,461-472.
2. Tufariello, J.M., Hoffmann, R., and Bisson, M.A. (1988) Plant, Cell and Environment. 11,473-478.
3. Hoffmann, R., Tufariello, J., and Bisson, M.A. (1989) Journal of Experimental Botany. 40, 875-881.
4. Whittington, J. & Smith, F.A. (1992) Plant, Cell and Environment. submitted.
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THE ROLE OF THE V-TYPE ATPASE IN SALT TOLERANCE: EXPLORING THE EFFECTS

OF NACL ON TRANSPORT, SUBUNI" _.OMPOSITION AND GENE EXPRESSION.

FrancesM. DuPont, Thomas R. Berkelman,Kathleen A. Houtchens and Pete; J. Morrissey

USDA Agricultural ResearchService, Western RegionalResearchCenter, Albany, Ca 94710, USA

The V-type ATPase may play an important role in salt tolerance, since it is thought to provide the

primary driving force for uptake of Na=. and CI"into the vacuole. In order to test the hypothesisthat

the activity of the V-type ATPase is regulatedin responseto salt (1), the ATPasefrom control and salt-

grown barley (Hordeum vulgate cv CM72) roots was extensively characterized in terms of ATP

hydrolysis,proton transport, subunit composition and gene expression. When barley seedlingswere

grown in 100 mM NaCI, there was an increase in rate of proton transport as estimated by rate of

quench of acridine orangefluorescence in isolated vesicles. However, there was no change in rate of

ATP hydrolysisor amount of the ATPase proteinas detected by antibodies against the 68 and 53 kDa

subunits. The holoenzyme was purifiedby Sephacryl columnchromatography followed by FPLC,and

10 putative subunits were identified (115, 68, 53, 45, 42, 32, 17, 13, and 12 kDa) (2). Subunit

composition on 1D SDS gels was identical for the ATPase from control and salt-grown roots. The B

subunit (53 kDa) frequently was resolvedas 3 bandson SDS gels; these mightbe isoformsorproducts

of proteolysis. In order to determine if there is more than one gene for the B subunit, a cDNA library

was screenedwith a heterologouscDNA probefor the B subunitfrom Arabidopsis (3). Two full length

cDNAs that code for the B subunit were identified and sequenced. The coding regions were similar

but the 5' and 3' untranslatedregionsof the two cDNAs were different. The resultsdemonstrate that

at least two genes for the B subunit are expressed in barley roots. Preliminaryresults indicate that

there was no effect of salt on mRNA levels for the two B subunit genes. Also, there was no effect

of salt on mRNA levels for the A subunit (68 kDa) as detected with a heterologouscDNA probe from

carrot (4). We have not ruled out the possibilitythat changesin ATPaseactivity are relatedto changes

in gene expressionfor one or more subunits. However, mechanisms for post-translationalregulation

of the ATPase must also be considered.

1. Narasimhan, M.L., Binzel, M.L., Perez-Prat, E., Chen, Z., Nelson, D.E., Singh, N.K., Bressan.
R.A., and Hasegawa, P.M. (1991) Plant Physiol. 97, 562-568.

2. DuPont, F.M. and Morrissey, P.J. (1992) Arch. Biochem. Biophys. (in press).

3. Manolson, M.F., Ouellette, B.F.F.,Filion, M., and Poole, R.J. (1988) J. Biol. Chem. 263.
1_.987o17994.

4. Zimniak, L., Dittrich, P., Gogarten, J.P., Kibak, H. and Taiz, L. (1988) J. Biol. Chem. 263
9102-9112
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GENETIC AND DROUGHT-INDUCED DICLOFOP RESISTANCE ASSOCIATED

WITH RECOVERY OF ELECTROGENIC MEMBRANE POTENTIAL OF THE

PLASMALEMMA

Devine, M.D., Downey,J.A., Renault,S., Hall, J.C., Romano,M. and Shimabukuro,R.H.

Departmentof CropScienceand Plant Ecology,Universityof Saskatchewan,Saskatoon,Canada

S7N 0W0 (MDD, SR, JAD), Departmentof EnvironmentalBiology,Universityof Guelph,Guelph,

Ontario,Canada NIG 2W1 (JCH, MR), and USDA-ARSBiosciencesResearchLaboratory,Fargo,

ND (RHS)

The mechanismof resistanceto the herbicidediclofop-methyl,an inhibitorof acetyl-coA

carboxylase(ACCase), hasbeen examinedinresistant(R) and susceptible(S) biotypesof Avena

fatua and in susceptibleA. sativa plantssubjectedto droughtstress,whichinducesresistance.

There were no differencesin herbicide uptake,long-distancetransport,or metabolism to non-

phytotoxicproductsbetween R and S A. fatua plants. CrudeACCase preparationsfromR and S

A. fatua were equallysensitiveto diclolop;similarresultswere obtainedwithACCase from

drought-stressedand non-stressedA. sativa. Controltissuesfrom bothspeciesacidifiedan

unbufleredbathingmedium;diclofoptreatmentreversedthis,causingrapidalkalinization. Tissue

from the R but not the S A. fatua biotypere-acidifiedthe mediumwhen the diclofopsolutionwas

replacedwith a herbicide-freesolution.Similarre-acidificationwas obtainedwithdrought-stressed

A. sativa or A. sativa pretreatedwithabscisicacid. Diclofop(50 IJM)rapidlydepolarizedthe

electrogenicmembrane potential(EM) inpeeled coleoptilesinbothspecies. However,when

diclofopwas removedfromthe bathingsolution,EMwas re-establishedin the R A. fatua andthe

drought-stressedA. sativa, but notin theirS or non-stressedcounterparts. Diclofop(100 _M) had

noeffect on H+-ATPase activityinpurifiedplasmamembranevesiclespreparedfromthe R and S

A. fatua biotypes. These resultssuggestthat in both instances(endogenousand induced

resistance),the abilityof the plasmamembraneto regenerateEMlollowingdepolarizationis

associatedwithherbicideresistance. Previousresults(1) indicatingthat membranedepolarization

bydiclofopcan be blockedby PCMBS suggestthe involvementof a membrane protein

componentin the depolarization. We are currentlyinvestigatingthe connectionbetween

membranedepolarization,repolarization,and the resistanceof these plantsto diclofop and other

ACCase inhibitors.

1. Shimabukuro,R.H. and Holler, B. (1992) Effect of diclofopon the membranepotentials

of resistant and susceptible annual ryegrass root tips. Plant Physiol (In press).
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EFFECT OF WASHING ON THE PLASMA MEMBRANEAND ON STRESS REACTIONS OF
CULTURED ROSE CELLS

Qian, Y.-C., Nguyen, T., and Murphy, T.M.
Department of Botany, University of California, Davis, CA 95616

Cultured rose cells have been used as a model for studies of

responses of plant cells to various stresses, including UV
radiation, protein-synthesis inhibitors, and Phytophthora cell-wall
elicitors (1-3). Many of the responses involve reactions at the
plasma membrane: efflux of _, changes in the acid balance between
cytoplasm and external medium, synthesis of H2_, inhibition of
ferricyanide reduction. In these studies, the cells have typically

been washed three times with a solution of 1 mM CaC12, 0.1 mM KC1,
with incubations of 30 min between washings and 120 min after the
last wash. We now show that this washing procedure results in an
apparent loss of 5 proteins and an increase in one major protein in
PEG-dextran phase partition-purified plasma membrane, as determined
by isoelectric focusing-SDS-PAGE 2-dimensional electrophoresis and
Coomassie Brilliant Blue staining. The specific activity of the
vanadate-sensitive ATPase is increased from 29.9±6.7 to 49.1±11.5
umol Pi/mg protein-h (n=5). Washing also alters the responses of
the cells to UV-C radiation and Phvtophthora elicitor. Compared
with the unwashed cells, the washed cells show less net _ efflux

after UV-C and elicitor treatments; more synthesis of H202 after UV-
C and a pattern of accumulation of H202 after elicitor treatment
that shows a delayed but higher peak; and more inhibition of
ferricyanide reduction after UV-C, but not after elicitor
treatment. The results suggest that washing has differential
effects on the UV and elicitor receptors or on the mechanisms that
couple these receptors to the responses.

1. Murphy, T.M. and C. Wilson (1982) Plant Physiol. 70:709-713.

2. Murphy, T.M. (1988) Plant Physiol. 86:830-835.

3. Arnott, T. and T.M. Murphy (1991) Env. Exptl. Bot. 31:209-216.
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CHANGES IN PLASMA MEMBRANE COMPOSITION AND ATPASE ACTMTY IN NEEDLES

OF WHITE SPRUCE (PICEA G_UCA) SEEDLINGS TREATED WITH TRIADIMEFON AND

OSMOTIC STRESS

Zwiazek, J.J. and Sailerova E.

Department of Forest Science, University of Alberta, Edmonton, Alberta, Canada T6G 2H1.

White spruce [Picea glauca (Moench) Voss.] seedlings were grown in solution culture and treated

with sterol metabolism inhibitor [20 mg 1 1triadimefon; 1-(chlorophenoxy)-3,3-dimethyl. 1-(1,2,4-triazol- 1-

yl).2-butanol] for 4 weeks and then subjected to osmotic stress with polyethylene glycol 3350 (Zwiazek and

Blake 1990). Water potentials and electrolyte leakage were measured in seedlings before and after the

seedlings were subjected to osmotic stress with polyethylene glycol and the plasma membranes were isolated

from needles and purified using a two-phase partitioning method (Larsson et al. 1988). Plasma membranes

were used to study lipid composition and the activity of plasma membrane bound ATPase.

Water potentials drastically declined and electrolyte leakage increased in triadimefon treated

seedlings before the seedlings were subjected to osmotic stress with polyethylene glycol. When the seedlings

were exposed to osmotic stress, triadimefon treated plants maintained higher water potentials and leaked

less electrolytes compared with control plants. Plasma membrane bound ATPase activity was drastically

inhibited by both triadimefon and osmotic stress treatments and the observed decrease in ATPase activity

could be correlated with the increase in electrolyte leakiness. Numerous changes in the composition of the

plasma membranes were observed including a decrease in phospholipid:protein ratios and sterol:protein

ratios and an increase in sterol:phospholipid ratios. Both triadimefon and osmotic stress treatments altered

the composition of free sterols in the plasma membranes. The results indicate that triadimefon induces mild

water stress in plants and many of the observed changes in membrane composition anf function in

triadimefon treated plants could develop as the result of water stress.

Larsson, C., Widell, S and Sommarin, M. 1988. Inside.out plant plasma membrane vesicles of high purity
obtained by aqueous two-phase partitioning FEBS Left. 229:289-292.

Zwiazek, J.J. and Blake_ T.J. 1990. Effects of prcond_t_onmg and lipid composition in black spruce
mariana) stressed with polyethylene glycol Phvslol Plant. 79:71-77.
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TURGOR AND OSMOTIC RELATIONS IN ROOTS OF ASTER

TRIPOLIUM: WATER AND SOLUTE TRANSPORT THROUGH THE

MEMBRANE

l)Zinmermann,U., Rygol,J., Balling,A., KlSck, G., 2)Netzler,A. & Haase,A.

I) Institute of Biotechnology; 2) Institute of Biophysics, University of

W_rzburg, 8700 _irzburg, Germany

Pressure probe-, nanoliter osmoaetry- and NMR-technique were used to

study water transport phenomena on the cellular level in _Car tripolium.

• The intact plants showed a strong increase in tb_ radial turgor and osmotic

pressure gradients (I) from the outside to the inside of the root

undependent from the salt stress (i.e. from 0.1MPa to about 0.6 MPa).

Strong dlffeEences were found between the penetration of salts and non-

electrolytes to the apoplasmic space. In contrast to NaCl, the uptake of

sucrose or PEG into the apoplasmic space seamed to be freely possible or -

more likely - prevented by the pit-containlngboundary. 0nly in the case of

non-electrolytes turgor pressure gradients decreased and osmotic pressure

increased, respectively, as was expected for the ideal osmometer behaviour.

The much more interesting point of our study was the collapse of the turgot

pressure gradients after excision of the root within about 15 to 30 min and

its equilibration at the intermediate level of about 0.3 MPa. This value

agreed well with the osmotic pressure deduced from plasmolysis tests on

excised roots. High resolution NMR-imagas (2,3) yielded at very short spin-

echo times radial cell strands separated by radial regions of air-filled

spaces. These and other data allow conclusions about the driving forces for

water and solute transport in the root of intact plants and about the

function of air-filled radial spaces under control and saline conditions.

They also showed simultaneously that excised roots may be artifactual

systems.

I. Rygol, J. & Zimmermann, U. (1990) Plant, Cell & Environment 13,15-26.

2. Zimmermann, U., Balling, A., Rygol, J., Link, A. & Haase, A. (1991)
Botanica Acta 104,412-415.

3. Zimmermann, U., Rygol, J., Balling, A., K10ck, G., Metzler, A. & Haase,

A. (1992) Plant Physiology (in press).
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KINETIC CHARACTERIZATION OF Fe(III)-REDUCTION BY PLASMA-

MEMBRANE VESICLES AND INTACT ROOTS

Wolfgang Schmidt and Peter Janiesch

Dept. of Biology, University of Oldenburg, 2900 Oldenburg, P.O. Box 2503, Germany

Electron transport activities by root cells were determined/n _w and with plasma membrane (PM) vesicles

from species differing in their ecological amplitude. Plasma membranes were isolated by two-phase

partitioningyielding high amounts of sealed, right-side-out orientated vesicles as both H + -ATPase and redox

systems showed high latencies upon the addition of Triton-X 100. PM-bound redox systems were dependent on

NADH as an electron donor and reduced both FeEDTA and ferricyanide(FeCN). Intact plants reduced ferric

EDTA with a pH optimum of 5.5 whereas the reaction/n _tro exhibited maximal rates at pH 7. This difference

might be due to electrostatic interactions between the substrate and the fixed charges of cell walls which are

not present in the/n vitro assay.

The reduction rates determined with intact, iron-str_ plants were correlated with the specific activities of

the NADH-FeEDTA reductase/n v/tro and with the expected amount of soluble iron on the natural stands of

the species. Kinetic analysis revealed strict similarities for the reduction of FeEDTA by both systems. As the in

v/fro data were obtained with iron-sufficient tissue, the results are not consistent with the de novo synthesis of a

low midpoint electrochemical potential ('turbo') reductase under conditions of Fe-deficiency stress. However,

differences in the kinetic behaviour and in the specificity of the electron donor between NADH-FeEDTA and

NADH-FeCN reductase provide evidence for multiple electron transport activities in the PM. Ferric chelate

reduction activity was also found in PM-vesicles isolated from roots of Hordeum vulswe, in which no increased

reduction activity was observed in vivo.

The PM-bound redox activitywas increased by the addition of cations without changes in the substrate affinity

for NADH, suggesting structural changes in the redox system or electrostatic alterations of the charged lipids

surrounding the enzyme by the assay conditions. In the absence of cations, PM vesicles isolated from roots of

two Geurn species revealed biphasic saturation curves for the reduction of FeEDTA leading to two distinct

apparent Km values. This finding was interpreted in terms of negative cooperativity towards FeEDTA as

addition of cations (5 mM MgCI,2) led to a hyperbolic curve with Michaelis-Menten characteristics. It is

concluded, that the activity of the FeEDTA reductase is at least in part regulated by the intraceUular

concentrationof cations.
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PLASMA MEMBRANE REDOX ACTIVITIES AND QUINONE SITES IN TRANSMEMBRANESIGNAL
TRANSDUCTION

D. James Morr_

Department of MedicinalChemistry and Pharmacognosy,Purdue University,West
Lafayette, IN 47907

Plant plasma membranestransportelectronsfrom cytoplasmicelectrondonors

(e.g.NADH) to externalacceptors(ferricyanlde,ascorbateradical,oxygen). The

putative natural electron acceptor is oxygen and the rate limiting transfer of

electrons from NADH to oxygen is quinone-dependentand is catalyzed by an

intrinsicplasma membrane enzyme designated as an NADH (quinone)oxidase. The

oxidase is responsive to plant growth hormones of the auxin type. Growth and

oxidase activity are stimulatedin parallel in a concentrationdependentmanner

with excised segments and plasma membranes isolated from excised segments,

respectively,of etiolatedhypocotylsof soybean. When analyzedby SDS-PAGE,the

NADH oxidase activity copurifies with protein bands of approximatemolecular

weights of 72 and 36 kDa. The partially purified enzyme activity remains

responsiveto auxins. Lysophospholipidsand free fatty acids, both products of

A-type phospolipases,stimulate the NADH oxidase activity in a time-dependent

manner suggestiveof stabilizationof an activated form of the enzyme.

Inhibitorsthat block auxin-inducedgrowthof segmentsof soybeanhypocotyl

also inhibit the auxin-inducedoxidase activity. These includethe anticancer

drug adriamycinand several sulfonylureaherbicides,e.g. chlorsulfuron,known

to interactwith quinone sites in target proteins. Mastoparan,a peptide toxin

from wasp venom that mimics G protein-coupledreceptors, stimulates both the

oxidase of isolated soybean plasma membrane vesicles and elongation growth to

approximatelythe same degree as do activeauxins. The results implicateredox

activities of the plasma membrane involving quinone sites as a potentially

importantcomponentof the signal transductionpathwayof auxin control of cell

elongation in plants.

1) Brightman, A. O., R. Barr, F. L. Crane and D. J. Morrd (1988) Auxin-
stimulated NADH oxidase purified from plasma membrane of soybean. Plant
Physiol. 86, 1264.

2) Morrd, D. J. and A. O. Brightman (lgg])NADH oxidase of plasma membranes.
J. Bioenerg. Biomemb. 23, 469.

3) Brightman, A. 0., X. Z. Zhu and D. J. Morrd (]ggl) Activation of plasma
membrane NADH oxidase activity by products of phospholipase A. Plant
Physiol. g6, ]314.
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ARE CYTOCHROME Bs REDUCTASE AND THE IRON CHELATE REDUCTASE

AT THE ENDOPLASMIC RETICULUM OF PHASEOLUS VULGARIS RELATED?

Tama C. Fox and Robert L. Travis, Agronomy and Range Science, University of California, Davis, CA 95616,

USA.

Endoplasmic reticulum vesicles isolated from corn and kidney bean roots reduce ironchelates,/n _ro

(I), including ferr/thodotorul/c acid, ferric citrate, ferricEDTA, and ferricyaaide. The reductase is NADH

specific. This reduction may potentially function to free iron for uptake into organelles, incorporation into

enzymes, and transport, poss_ly as ferrous nicotianamine (2). The only intracellular enzyme previously shown

to reduce/ton chelates with low reduction potentials is nitrate reductase (3). The subunit of nitrate reductase

respons_le for iron reduction shares 122 out of 250 amino acids with cytochrome b5 reductase (4), an

endoplasmic reticulum localized NADH.specific enzyme. Cytochrome b5reductase is commonly assayed using

the iron chelator, ferricyanide. The enzyme contains a flavin adenine dinucleotide prosthetic group. In

mammalian cells, cytochrome b_ reductase faces the cytosoiic side of the endoplasmic reticulum, and is

attached to the membrane at its N-terminus by myristic acid, a covalently bound N.terminal fatty acid (5).

The similarities between cytochrome b5 reduction and iron reduction thus suggest that the two

activities may be related. To test this, active ferric citrate reducing bands solubilized from the en&_plasmic

reticulum vesicles of Phaseolus vulgaris were identified in native isoelectric focussing gels using the protocol

of Holden et al (6). Three active bands were found between pl 6.75 and 7.25. This is more basic than the

plasma membrane ferric citrate reductase isolated from tomato roots by Holdea et al (6). The endoplasmic

reticulum /ton reducing bands were separated by SDS-polyacrylamide gel electrophoresis, or were

concentrated on centricon f'dtersfor spectral analyses, to compare cytochrome b5reductase and iron chelate

reductase.

1. Fox TC, Travis RL (1991). Protoplasma, 161: 160-167.
2. Scholz G (1989). Biology of Metals, 2: 89.91.
3. Castignetti D, SmarreUi J Jr (1986). FEBS 209(2): 147-151.
4. Hyde GE, Campbell WH (1990). Biochemical Biophysical Research Communications 168(3): 1285.1291.
5. Borgese N, Longhi R (1990). Biochemistry Journal 266: 341.347.
6. Holden MJ, Luster DG, Chaney RL, Buckhout TJ, Robinson C (1991). Plant Physiology 97: 537.544.
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TRANSPLASMA MEMBRANE ELECTRON TRANSPORT:

THE POSSIBLE INVOLVEMENT OF A b-TYPE C_'TOCHROME

Asard, H., Horemans, N. and Caubergs, R.J.

Depa_'mentof Biology, University of Antwerp, RUCA, B-2020 Antwerp

The plasma membraneof higher plant species contains a specific b-type cytochrome. An extensive characterizati-

on, using highly purified membrane preparations, has revealed midpoint oxidation-reduction potentials (E'o) between

+ 110 m_,'and + 160 mV and an a-band absorptionmaximumat about 561 nm of the reduced component (1, 2). The

heine protein was readily reduced by Na-ascorbate and constitutes the major cytochrome component (70-80%) of

these membranes.So far, no physiological function could be assigned to the electron carrier.

In recent work we were interested to test the possible involvement of the cytochrome in trans-membraneelectron

transport. Plasma membranevesicles were prepared that contain high concentrationsof ascorbate. These vesicles are

capable of transferring electrons to externally added impermeable electron acceptors such as ferricyanide and

cytochromec (3).

As expected, the absorption spectrum of these plasma membrane vesicles showed the characteristic a-band

maximum of the reduced b-type cytochrome. Addition of ascorbate oxidase did not re-oxidize the cytochrome,

supporting the idea that ascorbate was effective from the inside of tightly sealed vesicles. Addition of low

concentrations of ferricyanide to these preparations caused a transient decrease of the absorption maximum which

reversed within a few minutes. These absorbance changes at 561 nm indicate a rapid oxidation of the cytochrome

followed by a re-reduction. Ferricyanide becomes fully reduced in this reaction. In accordance with similar

observations that were made using ascorbate loaded chromaffm granules that contain a high potential b-type

cytochrome (4), we hypothesize that the above reaction indicates a transient electron transfer from an internal

electron donor (probably ascorbate) to external ferricyanide with the cytochrome operating as an electron carrier.

Also the cytochrome redox potential (about + 150 mV) makes it a likely candidate in the electron transfer from

ascorbate (about +52 mV) to ferricyanide (+400 mV). Other electron acceptors (Fe(lll)-citrate, Fe(I_-EDTA) that

are commonly used in NADH-mediated plasma membrane electron transport measurements were ineffective in

reoxidizing the cytochrome in ascorbate loaded vesicles, This is possibly explained by the low redox potentials of

these components and further substantiatesour currenthypothesis.

If electrons were indeed transferred from the vesicle interior to external ferricyanide, the generation of a

membrane potential (positive inside) was to be expected. Absorbance changes obtained with the potential probe

oxonol VI confirm this predictionand the ionophore FCCP effectively reversedthe charge gradient.

These experiments provide strong evidence that the high potential plasma membrane b-type cytochrome is

involved in transmembraneelectron transfer in higher plants.

1. Asard, H., Venken, M., Caubergs, R.J., Reijnders, W., Oitmann, F.L. & De Greef, J.A. (1989) Plant Physiol. 90, 1077-
1083.

2. Askerlund, P., Larsson, C. & Widell, S. (1989)Physiol. Plant. 76, 123-134.

3. Askerlund, P. & Larsson, C. (1991) Platu Physiol. 96, 1178-1184.



PURIFICATION OF Fe3+-CHELATE REDUCTASE BY NATIVE PAGE AND FPLC

BoogI,P.R.andBr_ggemann2,W.

1 Dept.ofPlantBiology,UniversityofGroningen,P.O.BOX14,NL-9750AAHaren,TheNetherlands

2 Heinrich-HeineUniversity,Dept.ofBotanyIII,UniversitAtsstr.l,I)-4000D_sseldorf,Germany

Plant root plasmamembranes(PM)contain a _kl)S-dependentFe3+-chelatereductase (1). Since this enzyme

playsanimportantroleinironacqulsitationandiron-deficiencyresponsesofdicotyledonuousplants{2),

wetriedtoisolateandpurifyFe3+-chelatereductasefromtomatoroot3.

mterial am_xeU_:

i.m fromtomatorootswereobtainedbytwo-phasepartitioningasdescribed(3).

2.PNproteinsweresolubilhedwithTritonX lO0ata protein:detergentratioof1:2.8or1:15{w/w),

respectively.Inallsubsequentstepsdetergentwasincluded.

3.TheTriton-solublefractionwassubjectedtonativePAGEina 7.5% gel.Afteridentificationofthe

enzymecontainingregionby enzyme-stainingof a sMllverticalsection,thatpartofthegelwas

elec_cro-eltrtedin50mN(MI4)HCO3.Theeluatewaseitl_subjectedtoFPLCor21)-PAGE.

4.FPLC:ThenativePAGEeluatewasseparatedbya saltgrazlient{20mN_islHClpll8.8,O-IW NaCl)ona
_no Qcolumn.

5.21)-PAGE:i.Dimension:nativeI_ pH5-7,enzyme-staininq,2.DimensionI0% SDS-PAGE.

TableI:PurificationtableofFea+-clmlatereductaseandcommonpol_peptidepatternofthefractions.

Fraction Specific Purification Polypeptides(NN)
Activity* (xfold) t 90 kl)a .+50 _ .+30 kDa

i._ 0.76 --

2._iton-soluble 1.29 1.7 98+6 51_+i 29.+I (n=3,21Y-PAGE)
3.nat.PAGEeluate 4.61 6.0 96.+2 49.+i 29-+I (n:3,2D-PAGE)
4.FPLCfraction 108.56 142 86_+2 50.+0 28+ 1 (n=2,10%SDS-PAGE)

* _molFe[rainmqFrot.]-z

ResuRs:

Enzymepurification basedon enrichmentof specific activity is shownin Table1. Fe3+-chelatereductase

waspurified>140-foldintheFPLCfraction.Allactivefractionscontainedmultiplepolypeptidebands,

whenanalyzedbySDS-PAGEor 2D-PAGE.Polypeptidebandsin common,ind@endentlyof thepurification

method,atthepositionofthehi@estenzymaticactivitywereonlyfoundat.+30,_+50,and.+90kl)a.

Conclusions:

Fe3+-clmlatereductaseactivityfromtomatorootscanbepurifiedbya combinationofnativePAGEandKPLC

onan anionexchangecolumn.Wesuggestthattheactivity(pl- 5.5)containssubunitsof29,50and
93kDa.

1 Br_ggemann&Moog1989.Physiol. Plant. 75:245-254.
2 Bienfait 1988.J.Plant Nutr. 11: 605-629.
3 Br_qqemannet al. 1990.Physiol. Plant. 79: 339-346.

JHI
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CHARACTERISTICS OF THE PLASMA_MEMBRANE BOUND NITRATE

REDUCTASE OF CHLORELLA SACCHAROPHILA

Christine St6hr, Rudolf Tischner and Michael R. Wardl

Pflanzenphysiologisches Institut, Untere Karsp[_le 2, 3400 G6ttingen,

Germany

iDept. Molec. Biol. Massachusetts General Hospital, Boston USA

In barley and in the unicellular greenalga Chlorella the

existence of a plas_rane bound nitrate reductase (PM-NR) is

denonstrated. This enzyme is clearly distinct frum the well known

soluble nitrate reductase (NR) which is located in the soluble

cell fraction. The characteristics of the PM-NR are different fram the

soluble NR in various aspects including the native molecular weight,

the hydrophobic pattern, the iso-electric point and the heterodimeric

structure. The PM-NR is located on the outside of right-side-out

vesicles and can not be removed fram the surface of inside-out

vesicles. The treatment of right-side-out vesicles using PIPLC

resulted in a release of PM-NR fram the surface and simultanously

changed its hydrophobic pattern. Experiments with the aim to

incorporate _H-ethanolamine in the anchor structure are in progress.

Treatment of barley roots and Chlorella proto-plasts with

anti-NR-IgG inhibited nitrate uptake but not that of nitrite. Removal

of PM-NR fram protoplasts also reduced nitrate uptake significantly.

The function of PM-NR in nitrate uptake is discussed with respect to

the biochemical characteristics and localisation.
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CHARACTERIZATION OF IRON CHEIJ_TE REDUCTION BY LEAF MESOPHYLL

AND LEAF PLASMA MEMBRANES OF VIGNA UNGUICUI.J%TA

_Ifga_ __m

Dept.of BotanyIII,Heinrich-Seine-Oniversity,Oniversit_tsstr.I,D-W-4000D_sseldorf,FRG

It is now_nerally acceptedthat iron uptakeby roots of dicotyledonuous(andsomemonocotyledonuous)

plant_ occurzsaftex an obligatoryreductionof Fe (III) to Fe(II) by a plasmamembrane(_)-bound

ferric chelate reduct_ (1_) (e.g. 1). Houever,in the xylemiron is transportedas Fe(III) citrate to

the shoot (2). In the present study, the questionis a_essed, whethera reductionstep mayalso be

involvedin iron uptakeby leaf |esophyll cells.

After removalof the abaxialepidermis,vacu_ infiltrated leaves of Vi_a un_iculata revealedan

h(III) citrate reduci_ activity, whichwasstimulatedseveralfoldby applicationof saturatingred

liqht:ruder (I)2 saturati_ coMitionsfor pbotosynflmis. Ther_ valuesobservedweresimilar in

darkandin the lig_ (ca. 100_i4,fig.I), whileVmax ra_M from20 (dark)to 100,tool m"2 s"1 (li_t).

PI_ membranesfromleaves wereobtainedby the aqueoust_>-phase[m-Utioni_ methodandalso

revealedFe(III) citrate r_ activity witha similar _ as in vivo. ThepHoptimumof the

ms 6.5-7, aM all datawereverysimilar to bi_cal characteristics of _-FC_fromplant

roots (1,3). Omieriron deficiency, Vignaleaves becoMstrongly cblorotic. Datafromthese plants will

be comparedto the controls to evaluate the possible occ_ence of an iron-stress-induced increase in FCR

activity, as it has beenfouDdin root 1_ (1).
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Fig.l:Eedie-Hofsteeplotsof thekineticsof Fe (III)citratereductionby leafaesophyllin the light
(o) aMbyleafI_(_).

(I)Brfa_.nann, W. et ai.(1990),Physiol.Plant.79,339-346.

(2)Brow_._ J.C.andJolley,V.D.(1986),J. PlantKutr.,9, 175-182.

(3)B_gela_m, W. andMoog,P.R.(1989),Physiol.Plant.75,245-254.
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THE EFFECT OF A!3+, La3+ AND TEC3+ ON NET Ca2+ INFLUX MEASURED AT THE

APEX OF ALUMINUM-SENSITIVE AND ALUMINUM-TOLERANT WHEAT ROOTS.

Ryan,P.R.1,Kinraide,T.B.2 and Kochian,L.V.1

1US Plant, Soil and NutritionLaboratory,USDA-ARS, Come, Univ., Ithaca NY 14853, USA.

ZAppalacianSoiland WaterConservationResearchLaboratory,BeckleyWV 25802, USA.

Theeffectsof aluminum(AI),lanthanum(La)andtris(ethylenediamine)cobolt(lll)(TEC) onthenetflux

of calcium (Ca) at the apex of wheat rootswas investigatedusing the vibrating Ca-selective

microelectrodetechnique.It has been previouslyshownthat AI treatmentsknown to inhibitroot

growthintheN-sensitivecultivar,"Scout"(10 I_MAICI3,0.1 CaCIz,pH 4.5), alsocausean immediate

inhibitionof netCa influxatthe rootapex.Similartreatmentsdo notinhibitrootgrowthor netCa influx

intheN-tolerantcuitivar,"Atlas"(1). UndersimilarconditionsLa inhibitedrootgrowthand Ca fluxes

in both "Scout"and "Atlas', showingthat the relativetoleranceto AI in "Atlas' is not a general

phenomenawithall trivalentcations.It is uncertainwhetherthe differentialeffectof AI on Ca fluxes

inthesetwocultivarsisimportantto theAI-toxicityresponseorattributableto the inherentdifferences

between'Scout"and "Atlas'.We repeatedthese experimentswith pairsof closely-relatedlinesof

wheatwhichexhibitdifferentialsensitivityto AI. Toleranceto AI, intheselines,is linkedto a single,

dominantgenedifference.Resultsfromthefirstpairof linesareconsistentwiththosefoundin'Scout"

and "Atlas':rootgrowthandCa influxwereinhibitedsignificantlymorebyAI inthe sensitiveline,than

inthe tolerantline.Thissuggeststhattoleranceto AI inwheatrootsmaybe relatedto the abilityto

maintainCa influxduringAI-stress.We willreporton the resultsobtainedwithotherclosely-related

lines,andcomparetheeffectsofthe trivalentcationsAI,La andTEC.Inhibitionof Ca uptakebythese

cationsisconsideredintermsoftheblockageofCa channelsandchangesto themembranesurface

potential.These interactionswill be discussedwith referenceto tile potentialmechanismsof AI-

phytotoxicity.

1. Huang,J-W,Shaff,J.E.,Grunes,D.LandKochian,L.V.(1992) PlantPhysiol.,98:230
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CADMIUM TRANSPORT ACROSS THE TONOPLAST OF OAT ROOTS: DIRECT

DEMONSTRATION OF A Cd2+/H . ANTIPORT ACTIVITY

David E. Salt and George J. Wagner

Plant Physiol./Biochem./Mol. Biol. Program, University of Kentucky, Lexington, Kentucky 40546-0091

Cadmium is a non-essential, potentially toxic, pollutant metal which accumulates in the kidney with a

biological half-life exceeding 10 years. Its main pathogenic effects, in humans, are renal tubular damage,

pulmonary emphysema and osteomalacia. Cadmium principally occurs in the human diet as a result of its uptake

and concentration from soil by crop plants. Little is known concerning mechanisms of Cd2. uptake by plants or

animals at the tissue or cell level. Cadmium is known to accumulate in the vacuole of tobacco leaf mesophyll

cells1, 2, however the mechanism is unknown. We have studied the transport of Cd:+ across the tonoplast of oat

roots (the major tissue of Cdz+accumulation in oat seedlings exposed to 10-20_M Cd:+), using isolated tonoplast

vesicles, and have demonstrated the transport of Cdz+ into the vesicles via a Cd2+/H+ antiport activity.

Accumulation of Cd2+ (monitored directly using '°°Cd)was driven by a ApH generated by either the V-type

ATPase (Fig. 1) or artificially using nigericin to exchange K+ and H+ in K+-loaded vesicles (not shown).

Cadmium accumulation was accompanied by efflux of H +, which was Cdz+concentration dependent (Fig. 2), and

ApH-dependent Cd_+ accumulation showed saturation kinetics with a Km(app) of 7#M. Cytoplasmic Cd2+

concentration can be estimated to be between 0.2-2#M which makes this Cd2+/H+antiport activity a candidate for

transport of this pollutant metal from the cytoplasm to the vacuolar sap under conditions of low as well as high

level Cd_+ exposure. Exposure of seedlings to 20#M Cd:+ for4 days (from imbibition) caused a 100% increase in

tonoplast H+ pump activity3. Effects of growth with Cd:. on Cd2+/H+ antiport activity and tonoplast proteins are

currently being studied.
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Fig. I. Cd2+ uptake (s), methylamineuptake (o). Fig. 2. Effect of Cd_+on an existing ApH, Cd:.
added after 10 min to a final concentration of
IO/_M(a), 100/zM(,t), and 1000#M (.).

1. Krotz R.M., Evangelou B.P., and Wagner G.J. (1989) Plant Physiol. 91,780-787
2. V6geli-Lange R., and Wagner G.J. (1990) Plant Physiol. 92, 1086-1093
3. Salt D.E., Wang L., and Wagner G.J. (1991) Plant Physiol. Supp. 96, 139
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A VACUOLAR MEMBRANE ABC-TYPE TRANSPORT PROTEIN

IMPLICATED IN PHYTOCHELATIN-MEDIATED HEAVY METAL
TOLERANCE

Ortiz, D., Kreppel, L., Speiser, D.M.._d Ow, D.W.

Plant Gene Expression Center, USDA/U.C. Berkeley, Albany, CA 94710

Exposure of plants and some fungi, such as the fission yeast Schizosaccharomyces

pombe, to heavy metals induces the synthesis of cysteine rich peptides called phytochelatins

(PCs). Enzymatically synthesized from glutathione (¥glu-cys-gly), PCs are small peptides

with the general structure (¥ glu-cys)n=2.11gly that chelate heavy metals by formation of thiolate

bonds. Two different forms of PC-metal complexes are found in fission yeast and plant cells

exposed to Cd. One species, composed mostly of PCs and Cd, elutes from gel filtration columns

with an apparent molecular weight of 3-4 kDa (LMW PC-Cd complex). A second, more highly

charged form has an apparent molecular weight of 6-9 kDa (HMW PC-Cd-S "2 complex), and

contains acid labile sulfide in addition to PCs and Cd. A Cd sensitive fission yeast mutant

defective in production of the HMW PC-Cd-S "2 complex has been identified. We have isolated a

gene, designated hint1 (heavy metal tolerance), that complements this mutant, cDNA sequence

analysis suggests that the hmtl gene product is an integral membrane protein sharing amino

acid sequence identity with ABC-type membrane transport proteins. The better characterized

members of this family include the bacterial periplasmic permeases and the mammalian mdr

and cftr gene products. Representatives of this group have also been reported in insects, fungi

and protozoa.

Plant cells accumulate Cd and PCs in the vacuole, suggesting a link between vacuolar

sequestration of PC-Cd complexes and heavy metal tolerance. A procedure for fractionating

fission yeast cell components was developed, and intact vacuoles were purified. Immunoblot

analysis of this fraction indicates that a chimeric protein produced from an hmtl-lacZ

translational fusion construct co-p_trifies with the vacuolar fraction, suggesting that the hint1

gene product is a vacuolar membrane transport protein. Analysis of cell components purified

from fission yeast strains exposed to Cd indicates that PCs are indeed associated with the

vacuolar fraction, and that most of the HMW PC-Cd-S "2 complex present in the cell co-

fractionates with this organelle. Overexpression of the hint1 gene results in markedly

increased production of the HMW PC-Cd-S "2complex associated with the vacuole. We propose

that the hint1 gene product is responsible for transport into the vacuole of PCs, Cd, PC-Cd

complexes, or factors required for synthesis of the HMW PC-Cd-S "2 complex.
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THE REGULATION OF TONOPLAST PROPERTIES BY STRESS

Matin, B. and Kodja, H.

Unit_ Fonctionnelle de Biotechnologie (Physiologic et Mdtabolisme Cellulaires), ORSTOM, 911, Avenue Agro-

polis, Boite Postale 5045, F-34.032-MontpeUier, France

The tonoplast plays an important role in the metabolic compartmentation of plant cells. Active primary pro-

ton transport is associated with the identification of tonoplast-botmd ATPase and pymphosphatase. The tonoplast

trims-membrane protonmotive force enables active transport of ions, amino-acids and organic acids. However,

combined wanslocation of certain molecules and protons has been clearly identified and some tonoplast ionic

channels has been demonstrated, showing that the membrane is active in movements of ions and metabolites. The

paper reports unpublished laboratory work and compares the results with those in the literature.

Severe changes in the environment of plant cells (cultivated or no0 cause aggressive stress and cause meta-

bolic changes at various levels. Decompartmentation - in which tonoplast plays a special role - is observed in all

cases. This is described in detail in two systems : tonoplast isolated from Catharanthus roseus cells (cultured in

liquid medium) and lutoids from Hevea brazqlienais (rubber tree) latex. Responses to the different types of stress

tested included disturbances in basic cell characteristics such intracompartmental pH (and associated proton gra-

dients), redox potentials, ion concentrations, and trans-tonoplast electrical potential gradients. These form a set of

signals which modifies cell metabolism. Further data is provided concerning trans-tonoplast transport functions.

Bidirectional solute fluxes between the intravacuolar compartment and the cytoplasm modulate the main biosyn-

thesis pathways in plant cells.

The tonoplast is one of the main targets of freezing stress in plant cells. According to the type of the expo-

sure to low temperature, the membrane is unable to achieve active transport of most ions and organic molecules.

Membrane damage is correlated with the absence of any traas-tonoplast proton gradient mediated-transfer of su-

gars, amino-acids, organic acids and hormones. Freeze-drying of tonoplast without cryoprotectants can be seen as

an efficient denatarating process.

Substantial metal stress affects tonoplast and considerably modifies barrier effectiveness. Metals modify the

structure and/or surface charge characteristics. Cd, Zn, Mn and AI severely affect proton pump capacities. In the

ATPase, metals compete with Mg for ATP. They also directly modify the conformation of the ATPase active site

and its affinity for the Mg-ATP complex. The kinedc patterns of ATP hydrolysis and proton pumping are comple-

tely changed and the transport properties of tonoplast are significantly modified.

The other aggressive sresses tested had similar effects on tonoplast.

Any damage to endoceilular membranes, and hence any process leading to the decompartmentation of plant

cells, generates metabolic response patterns which are identical under a wide variety of different stress types. The

role of tonoplast should be re-investigated and its importance of this aspect taken into account.
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KINETICS OF K+ EFFLUX FROM ALUMINUM-TOLERANTAND ALUMINUM-
SENSITIVECULTIVARSOF WHEAT

Sasaki, H., Kasai, M., Yamamoto, Y. and Matsumoto, H.

Research Institute for Bioresources, Okayama University, Kurashiki, Okayama 710, Japan

Soil acidity is a major stress factor and solubilized aluminum (AI) ions in acid

soil have a toxic effect of acid soil on plant growth. Cell membranes may be a prlmary

injury site in the A1 toxicity, thereby an ability of normal ion fluxes is strongly

related to the mechanism of A1 tolerance (i).

" The efflux of K+ of A1 tolerant (Atlas 66) and-sensitive (Scout) wheat (kind

gift frcm Dr. C.D. Foy, USAD) was investigated. Wheat seedlings cultured with i00 _M

CaCI 2 were loaded with 25 mM K2SO 4 and 200 _M CaCl 2 for 2 h, and followed by washing

with 200 _M CaCl 2 until extrusion of K+ becomes basal level. The pH values during the

treatments was kept at approximately 5.5. Then the samples were transferred into the

solution (pH 4.2) with or without various chemicals and efflux of K+ was monitored for

40 min. The rate of K. efflux of Scout was twice as much as that of Atlas 66 in the

distilled water adjusted to pH 4.2 with H2SO 4. Vanadate increased the rate of K+

efflux markedly to the similar level in both Scout and Atlas 66, and the amounts of

extruded K+ exceeded those of without vanadate. The presence of A1 and Ca 2+ either

alone or together repressed the K+ efflux markedly. The _nall amount of A1 as low as

5 _M repressed the K+ efflux markedly and the effect was more pronounced in Scout. The

repressive effect of Ca 2+ on K+ efflux was completely avolished when Ca 2+ was supplied

together with vanadate but A1 repressed the K+ efflux even in the presence of

vanadate. Repressive effect of Ca2+ and A1 on K+ efflux is completely different. A1 in

K+its short time effect may act as a channel blocker. CCCP, EGTA and verapamil

increased the K+ efflux significantly. Results suggest that K+ efflux was caused by

depolarization due to the transported H+ into cytoplasm through pH gradient. The

permeability of H+ or H+-transport p_mp activity may play an important role on the K+

efflux at acidic pH and Ca 2+ have a regulative role on those activities. Thus

characteristic difference in terms of K. efflux between Atlas 66 and Scout may be

explained by the different potential of plasma membrane to regulate the H+ in the

cytoplasm.

I. Matsumoto, H. (1991) In Plant-Soil Interactions at Low pH, R.J. Wright et al.

(Eds.) pp. 825-838 Kluwer Academic Publishers
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EFFECT OF BORON ON PROTON TRANSPORT AND MEMBRANE PROPERTIES IN

SUNFLOWER CF_2_ M/CROSOMES

Ferrol,N., Belver, A., Rodrfguez.Rosales, M.P., Rold_, M. andDonaire,J.P.

Departamentode BioquimicaVegetal, Estaci6n ExperimentaldelZaidin, C.S.I.C., 18008 Granada(Spain).

The requirement forboronby plants is well known, nevertheless its mode of action has not yet been clearly

established.Recent workson the effect of boron on membranepotentialand transportsuggest that boron plays an

important role in the maintenanceof membranestructure and functionality. The effects of boron deficiency on H+

pumpinga._Jon passive conductance,as well as on fluorescenceanisotropyin IrA-washedmicrosomesisolated from

sunflowercell suspensionshave been investigated.Borondeficiencyreduc_ the total and vanadate-sensitiveATPase

activities as well as the vanadate.sensitive ATP-dependentH+ pumping. Kinetic studies also revealedthat boron

deficiency reduced the apparent Vmax of vanadate-sensitive ATPase activity, with no important change in the

apparentKm for Mg2+-ATP. Protonleakeage was increased in microsomalvesicles isolated from boron-deficient

cells and incubatedin the reactionmixturewithoutadded boron, this effect being reversed by the additionof boron

to the reaction medium. Fluorescence anisotropy data revealed that DPH and TMA-DPH probes were more

immobilized in microsomes grown with 0.1 mM boric acid, indicatinga decrease of membranefluidity by boron

deficiency. Taken together these data suggest thatinhibition of the protongradient formationin microsomes from

sunflowercells grownin the absenceof boron,could be due to thecombined effects of reducedH+-ATPaseactivity

as well as to increased passive conductanceacross the membrane,possibly derived froman increase in membrane

rigidification.
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SURFACE CHARGE DENSITY AND AFFINITY VALUES OF CALCIUM, MAGNESIUM

AND SODIUM IONS TO MELON ROOTS PLASMA MEMBRANE: COMPARISON OF

SORPTION DATA WITH A COMPETITIVE SORPTION MODEL.

Uri Yermiyahu I, Shlomo Nit 2, Gozal Ben-Hayyim 3 and Uzi Kafkafi I .

1. Department of Field and Vegetable Crops, The Faculty of Agriculture, The Hebrew Univ. of
Jerusalem. P.O.B. 12 Rehovot 76-100 Israel.

2. The Seagram Center for Soil and Water Sciences, The Faculty of Agriculture, The Hebrew
Univ. of Jerusalem. P.O.B. 12 Rehovot 76-100, Israel.

3. Institute of Horticulture, The Volcani Center, P.O,B. 6 Bet Dagan 50250, Israel.

The presence of calcium in the external solution is of prime importance for proper root

elongation under saline conditions. This study measu,md the competition of Na and Mg with Ca

on the sorption sites of plasma membrane (PM) from melon root cells.

Sorption of 4SCa on fight-side out PM vesicles of melon roots was studied at various

levels of Ca, Na and Mg concentrations. The PM vesicles were prepared by aqueous two-phase

partitioning. The amounts of 45Ca sorbed decreased with increasing Na concentration at a

constant Ca concentration, and increased with increasing Ca concentration at a constant Na

concentration. Magnesium ions compete more strongly than Na with Ca for sorption to the PM.

Hundred mM of Na as compared to 5 mM of Mg reduced the amount of Ca sorbed on the PM

from 1.093 to 0.44 mmol/g protein in the presence of I mM Ca. The calcium ionophore A23187

did not change the amount of Ca sorbed to the vesicles suggesting that Ca did not accumulate
inside the vesicles but on both sides of the PM.

The amounts of Ca sorbed on the PM vesicles fit very well a competitive sorption model,

which takes into account specific binding to surface sites and the amount of cations in the

electrical double layer. It also calculates the effect of surface sites concentration on the degree

of sorption and takes into account the depletion of cations from the solution as a result of

sorption. The best fit of the model to the experimental data, was obtained for an average

surface area of 370 A2 per charge, and when the binding coefficients used for Na, Mg, and Ca

were 0.8, 9 and 50 M-I respectively. The binding constants used in this study are in the range of

previously reported values for phospholipid vesicles obtained by different methods indicating

that the behavior of biomembranes resembles that of phospholipid bilayers. However, our

results indicate that non phospholipid components in the PM contribute significantly to Ca

binding. This study might explahl the specific role of Ca in relieving salt stress in plant roots.
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K+ IONSAS A TRIGGERFORINTERDEPENDENTCOUPLINGOF MOLECULAR
H+-GENERATORSANDK+-CHANNELS

Vorobiev L.N. and Yegorova N.N.

Dept. Biophys., Fac. Biol., Moscow State Univ., Hoscow, 119899, RUSSIA

Ins. Soil Sci. Photosyn., Russian Acad. Sci., Puschino, 142292 RUSSIA

The bioenergetlcal components of Mitchell's equation are strongly

K+dependent on ion activity both in apoplast and in cytoplasm. Then the

problem arises of how potassium might participate in a transition from E to
m

Eli+ state expressing the most essential feature of a plant cell.

Measuring of K+ fluxes, medium acidification, ionic gradients and

electrical parameters of plasma membrane show that the inflow level of K+

ions promotes a generation of EH+ up to 120 mV (Km=O.01-O.02 mH K+) with a

concomitant decrease of Em to circa -120 mV thus maintaining constant

thermodynamic equilibrium Em-EH+=-250 mV. This phenomenon stresses the new

role of potassium as a crucial element triggering generation of EH+ proton

gradient for the secondary anion transport in mineral plant nutrition. It is

a characteristic of this Em<EK+ intermediate state that K+-channels are still

closed under electrical control of H+ , K+-current generators but influx

. K +(Km=O.01-O 02 mM K+) is high, suggesting a -stimulated transport ATPase and

redox pump. Saturation of EH+ at 0 05-0 1 mM K+ is in accord with K+• . activity

in natural soil solutions and freshwater reservoirs .

Another type of pump-channel coupling is to appear at the critical point

of further E transition if concentration of K+
m ions increases higher than

1.0-2.0 mM (species specific). This triggers an opening time of K+-channels

which clamp Em to the corresponding K+-equilibrium EK+ due to increasing of

K+ permeability and Kin/Kout exchange .In the transitional range of Em=EK+ K+

ions become potential-determining Chemical K+ activation of H+-ATPase at the

interface is now dominated by electrical K+-control utilizing diffusion EK+

variation at the plasma membrane. Thus, interdependent pump-channel coupling
+

is based on K ion triggering effects in electrical control by either

K+-induced H+-current generators (Epstein's Hechanism I) or K+-diffusion

potential (Epstein's Hechanisms If).
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BIOENERGETICAL EXPRESS-TRIAL OF PLANT DROUGHT RESISTANCE

¥egorova N.N., Sevastyanova O.A., Vorobiev L.N.

Ins. Soil Sci. and Photosyn., Russian Acad. Sci., 142292 RUSSIA

Dept. of Biophys., _ac. Biol., Moscow State Univ., 119899 RUSSIA

The aim of the present study is to extent Sullivan's osmotic

PEG-test of plant drought resistance towards the state of energy

transduction at the plasma membrane. It is presumed that an

imposed turgor pressure might induce a membrane deformation

associated with the activity of immobilized H+-current

generators.

K+-activated generation of H+-potential gradient was

measured in intact roots of 5-days-old Spring Wheat seedlings (4

varieties cultivated in the drought region).

Concentration-dependent effect of turgor pressure was found to be

most pronounced at 8% PEG. Acidifying activity of Wheat roots

decreased after 1 day PEG-treatment up to 4 times, after 2 days

even up to 8 times. It was in accord with the natural drought

resistance of varieties: more tolerable cultivars were more

stable under imitation of the environmental stress (well-known

Saratovskaya-29 was the best). Variation of H+-potential gradient

under drought stress increased from 2 to 3 times suggesting a

selection of the effective donor-plants for further tests.

Bioenergetical drought trail was shown to be more sensitive to

turgor pressure than the widely used growth reactions of roots

and leaflets. It seems to become as a primary tool

differentiating varietal drought resistance of plants.
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CORRELATION BETWEEN THE VALUE OF MEMBRANE

POTENTIAL OF INTACT PLANT CELL AND THE TEMPERATURE
SENSI'I"IVITY OF ELECTROGENIC H+ PUMP OF PLASMA
MEMBRANE

Oprltov, V.A. and Pyatygin, S.S.
Biophysical Department, Biological Faculty,
N,I.Lobachevsky State University, Nizhny Novgorod 603600, Russia

The temperature dependence of membrane potential (Era) of stem

parenchyma cells of a pumpkin (Cucurbita pepo L.) on condition of gradual
cooling (1.2-1.5°Cxmin"1) from 23 to 10°C has been studied, it has been shown

that the Arrhenius plots of the Em have a discontinuity the temperature (Tc)
of which correlates with the initial value of the cell Era. The correlation was

examined in the interval of the Em values from -150 to -195 mV, Tc being
changed from 16.0 to 18.5°C. During the analysis of the above correlation

the relation between the point of discontinuity on the Arrhenius plot of the

Em and an abrupt temperature-dependent transition in the operation regime
of the plasma-membrane electrogenic pump (H+-ATPase) has been established.

From the experimental data for isolated membrane vesicles with using

hydrophobic fluorescent probes, i.e. 3-methoxybenzanthrone and pyrene, a
thermal phase-structural rearrangement in the membrane lipids is a trigger
of the abrupt change in the pump activity. It was suggested that the correlation

between Em and Tc shows a controlling influence of the Em of intact plant
cell on the temperature sensitivity of the electrogenic H+ pump of the plasma
membrane, which is realized by means of potential-dependent modulation of
phase state of the membrane lipids.
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MECHANISMS INVOLVED IN LIPID REGULATION OF THE PLASMA _EN4BRANE

H +- ATPase

Palladina, T., Nasyrova, G., Simchuk, E., Pedchenko, V.

Institute of Plant Physiology and Genetics Acad.Sci. Ukraine

Vasilkovskaya street 31/17, Kiev 252022, Ukraine

Lipid dependency of the H+- ATPase suggests a possibility

of its regulation via the lipid environment. Effects of lipid

modification on the H+- ATPase activity in plasma membrane pre-

parations from corn seedling roots has been investigated.

Exogenous phospholipase A2 treament decreased boundary

lipid microviscosity around the H +- ATPase molecule. This pro_

tess was accompanied by a transition from the H+- ATPase acti-

vation to its inhibition. It was established that the phospho-

lipase A 2 influenced the H+-A_Pase by means of phospholipid

hydrolytical .products. Lysophosphatldylcholine specifically

stimulated the H+- ATPase without any effect on bilayer dyna-

mic properties. Free fatty acids didn't activate the H+- ATP-

ase but increased boundary lipid fluidity. Existence of two

mechanisms of the H + ATPase activity regulation by the phos-

phollpase A2 was su_Eested: i) direct action on the H+- ATP-

ase protein and ii) Inderect action via boundary lipid layer.

It was demonstrated that effects of plant growth regulators

on the, ]_+-ATPase activity were connected with activation of

endogenous phosph01ipases A2 and D in plasma membranes.

Lipid modification during the H +- ATPaee solubilization

procedure has been studiad. Solubilization caused a loss @bout

of 95% phospholipid content with increasing of sterol:phospho-

lipid ratio. The H+- ATPase preparations solubilized by lyso-

phosphatidylcholine and Zwittergent 3-14 were distinguished by

their sterol and phospholipid composition. The role of lipid -

protein interaction in the H +- ATRase regulation is discussed.
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SELENIUM-DEPENDENT CHANGES FOR CORTEX AND STELE CELL

MEM_%ANES OF MAIZE ROOTS

Fatallyeva S.M.

Institute of Botany of the Azerbaijan Academy of Sciences,

@0 Patamdart Highway, 370073, Baku

A root representing an interaction system for tissues with

specific functions is a convenient object to study a selenium

effect of different concentrations on a condition of cell

membranes. A permeability as a functional state whereas

a fatty acid content as a structural state for cortex and

stele cell membranes of maize root is the objective of

the study.

Growth inhibiting portions of selenium have not revealed

significant changes in the cell membrane permeability with

the electrolyte output rate as a criterion. However,

the content of palmitlc and stearic acids has increased.

Growth inhibiting portions of selenium have caused a marked

washing of electrolytes out of cortex tissues giving

an evidence of disturbances in the cell membrane permeability0

Revealed changes for the content of fatty acids confirm

destructive changes of a lipid component of membranes

whereupon the index of unsoluble fatty acids has changed

Insignificantly.

The membrane permeability has reduced in stele cells,

at the same time the index of unsoluble fatty acids has

increased. Apparently, large portions of selenium deteriorate

functional systems providing biosynthesis of lipids.

It is assumed that counter-directlonally revealed selenium-

dependent changes for cell membrane permeabilities ofcortex

and stele is a consequence of their specific functions.
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_-BO[,ND AND SOLUBLE FORMS OF F__3ZI) Ca-ATPase (

_IDASE) IN BARLEY ROOT CELL5

Fedorovskaya, M.D., Tikhaya, N.I. and Znamenskaya, E.R.

Institute of Plant Physiology, Academy of Sciences, Moscow 127276,

Russia

The enzyme was found in soluble fraction (supernatant 150 000 x)

to be similar with the ecto Ca-A_se of microsomaI fraction enriched

with plasmalemma fragments (1). The enzyme with optimum activity at pH

6 hydrolyzed all the nucleoside triphosphates and ADP, but not AMP,

_-glycerophosphate or I>-NPP. The ATPase possesed a high affinity to

calcium ( 7 _m) and magnesium (17 _M) ions.

The distribution of nucleotidase activity between soluble and mi-

crosomal fractions was depended on the composition of the homogenizing

medium. At alkaline pH or addition of CaCI 2 total activity of soloble

fraction was increased.

These results indicate the presence of soluble and membrane-bound

ecto-nucleotidase in barley root cells, The localization of soluble

enzyme form in apoplast is discussed.

1. Stekhanova, T.N., Fedorovskaya, M.D., Tikh_va, N.I. and

Vakhmistrov, D.B. (1989) Soy. Plan_ Physiology 36, 926-932.
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EFFECT OF PHENOLIC CO_ ON THE BCTO Ca-kTPase OF

PL_ BARLEY ROOT CELLS

Zagoskina, N. and Tikhaya, N.

Institute of Plant Physiology, Academy of Sciences, Moscow 127276,

Russia

Ecto Ca-ATPase detected in the microsomal fraction and on the

surface of isolated root cells was sensitive to phenolic acids which

were released from barley roots subjected to osmotic shock with suc-

rose. Phenolic compounds such as vanilinic, gallic, p-cumaric, chloro-

genic, protocatechic, caffeic and ferulic were determined by thin-

layer chromatography. It was shown that after osmotic shock of barley

roots its Ca-ATPase activity was increased (I).

Addition of the fractions containing phenolics only to the incu-

bation medium decreased the enzyme activity of the microsomal fraction

isolated from the same root material. Among the phenolics only vanili-

nic (127 _moles P./mgl protein min) and gallic (96 _moles Pi/mg protein

min) at the concentration of 10-4 M decreased the Ca-ATPase activity

(182 _moles P./mg protein min) while the other phenolic acids did not
1

effect on the enzyme activity. However, only vanilinic acid at the

concentration at 10-5 M (90 _Imoles P./mg protein min) inhibited C_-
z

ATPase activity.

These results indicate specific effect of vanilinic acid and its

role as a modulator of ecto Ca-ATPase activity.

1. Kuzembaeva, N.A., Tikhaya, N.I., Zagoskina, N.V. and Sarsenbaev,

B.A. (1989) Soy. Plant Physiology 36, 933-938.
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ECq_ Ca-ATPase (_NUCLIK_IDASE) OF PLAS_ BARLEY ROOT CELLS:

PURIFICATION A._D SOME PROPERTIES

Tikhaya, N., Fedorovskaya, M, and Stekhanova, T.

Institute of Plant Phxsiolo_y, Academy of Sciences, Moscow 127276, Russia

Ecto Ca-ATPase of microsomal fraction was solubilized with 0.25 M KCI.

Properties of membrane-bound and solubilized enzyme were found to be simi-

lar ( hydrolysis ATP, CTP, GTP, UTP and ADP, but not AMP, _-glycerophos-

phate, pNPP or l_yrophosphate; K for ATP 36 NM; optimum at _ 6 and 40_C;
m

Km for Ca free 7 _M, Km for Mgfree 17 _M', inhibition by NaF) (1)

Then the enzyme was purified by (NH4)2SO 4 precipitation, dialysis ands

Toyopearl-650 M fractionation. The specific Ca-ATPase activity eluted by

bufer peak was increased 150-200 fold, but 0.1 n KCI - 25 fold. SDS gel

pattern of bufer peak revealed three major molecular weight protein bands

corresponding to 25, 46 and 50 kD while 0.1 n KCI peak - 25, 36 and 38 kD

ones. The enzyme preparate hydrolized ATP and ADP, but not _-glycerophos-

phate (2).

The participation of polypeptides in the regulation of ecto Ca-ATPase

activity is discussed.

1. Stekhanova, T.N.° Fedorovskaya, M.D., Tikhaya, N.I. and Vakhmistrov,

D.B. (1989) Soy. Plant Physiology 36, 926-932

2. Tikhaya, N.I., Fedorovskaya, M.D. and Stekhanova, T.N. (1992)
Soy.Plant physiology in preparation..



255

Opritov, V.A. a_d _-jat_n_, S.t.

_iophysical Department, _ological Faculty,

N.I.Lobachevsky State University, Nizhny i;ovGorod GO3GO0, Russia

The temperature dependence of membrane potential (Era) of stem
parenoh_na cells of a pumpiin (Cucurbita pepo L.) on condition

• • _O_ --1of gradual cooling (1.2-1 . _'min ) from 2.5 to 10°C has been

studied. It has been shovm that the i_-2henius plots of the Em
have a discontinuity the t_mpera_are (T^) Of ':]._.c"_ correlates

'aith the initial value of _he cell Era. The correlation was exa-

mined _ the interval of the Em value from -150 to-195 mY, Tc
bein_ chan_;ed from _5.0 to 18.5°C. During the m_slysis of the

above co_T_lation the relation between _he point of discontinui-

ty on the _'_rrhenius plot of the Em aud an abrapt temperat_re-de-

pendent transition in the operation regime of the plasma-membra-

ne electro_enic _uup [K+-ATPase) h_ been established. From the

experimental data for isolated membrane vesicles v_th using hyd-

rophobic fluorescent probas, i.e. D-methoxybenzant._mone and py-

r_ne, a thermal phase-stractur_l rearrangement in the membrane

lipids is a trigger of the abrupt change in the pump activity.

It was suGzested that the correlation between Em and Tc shows a

controllin_ influence of the Em of intact plant cell on the tem-

perature sensitivity of the electrogenic H + pump of the plasma

membrane, _:hich is realized by means of potential-dependent mo-

dulaticn of phase state of the membrm_e lipids.
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THE ASYMMETRY OF ION TRANSPORT IN ELODEA: THE DISCREPANCY

BETWEEN LIGHT MEMBRANE POTENTIAL KINETICS AND POTASSIUM

TRANSPORT

NOVAK V.A. , MICLAS_VICH A.I.

By using of miniature electrode couples (pH, pK, pBr, pN03, pla-
tinum-redox and others) we have developed contact method for the

investigation of the asymmetry of ion transport and the redox

activity in the plasmalemma_ The integral and differential ki-

netics of the light-induced transmembrane potential (MP), ion trans-

port and Fe(CN)6-reduction on the upper and the lower surfaces of

single leaf are registered simultaneously. The light induced the

acidification near the surface on the lower side leaf and the alkali-

nization near the surface on the upper side leaf. At a time MP hy-

perpolarization, activation of NO3- , Br-, K+ transport and Pe(CN) 6-
reduction are to a marked degree more on the lower leaf side than

upper side. The light induced transitions of MP are characterized

by two, at least, clearly expressed phases: (I) primary depolari-

zation (2-4 rain) and (2) following progressive increasing of hyper-

polarization to a steady state situation. There is a strong correla,

tion be°tween phasic transitions of MP and anion transport _pN03,
pBr). The kinetics of MP and pK is in counterphasic changes. The

alternation of two counterphsse pK- K+ efflux and following

increasing of the uptake its to a steady state situation correspond

to the second phase of MP hyperpolarization. It is assumed that the

K. influx (electrogenic H+/K + exchange) and K. efflux (electroneut-

ral K+/H + exchs_Q) define K+ transport across the plasmalemma.

Both systems of K./H . exchange are regulated by cytoplasmic pH in

counterphasic change manner. Alkaline pH reaction of the upper

leaf side may be accounted by the functioning of electroneutral

OH-/anion exchange in the plant cell plasmalemma. The nature of asy-

mmetry and its role in metabolic and transport regulation in the

plant cells will be discussed.
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THE TARGET OF FUSICOCCIN ACTION: H+-ATPase OR PLASMALEMNA

REDOX SYSTEM?

MI CLASHEVI CH A.I., NOVAK V.A., MOROKOVA E.A.

The hypotesis that fusicoccin (FC) affects on the electrogene-

sis and ion transport by means of the modification of the plasma-

lemma redox system in the plant cells is examined. We have inves-

tigated the stimulating effect of FC on the transmembrane poten-

tial (gP), H + and K + transport and Fe(CN)6-reduction by Elodea
leaves. The value of FC effects is determined by energetic state

of the cells and PC concentration during FC treatment of the lea-

ves. The light increased the stimulating FC effects up to maximum

value, which is in excess of the value of the stimulating PC effect

in the dark on the average up to 100%. The stimulating effect of

PC on Fe(CN)6-reduction in the dark is increased ca 30-50% by
energetic substrates (glucose, ethanol, ascorbate). The decrease o_

media's pH to pH _,0 - _,5 modeled the light stimulating effect o_

by ferrlcyanide (0,6 raM) on the outer_of the plasmalemma during

FC treatment of the leaves resulted in increasing of stimulating

PC effect on Fe(CN)6-reduction ca 80%. Metabolic inhibitor NaN 3
(0,01 mM pH 5) and the uncouper 2,@-DNP (0,02 mM pH 5), which

are included in the media of the FC treatment did not influence

on the stimulating FC effect on the light as well as in the dark.

Our results allow to conclude that the interaction of FC with the

plasmalemma is cooperative, independent from metabolic energy pro-

cess, wich takes place at the protonated state of the reseptor.

FC did not change energetic state of the cells: ATP and NADH le-

vels and respiration not alter without transport and redox loading

on the plasmalemma. It is assumed that FC affects on plasmalemma

redox function by the modification of redox component activity,

but not changing of energetic metabolism of the cells. Convincing

evidence for the participation of the plasmalemma redox system

in FC effects on the electrogenesis and ion transport is obtained

during the investigation of the asymmetry of ion transport and

plasmalemma redox activity on Elodea leaves. H+ and K. transport

MP and Fe(_')6-reduction are to a marked degree more on thr lower

side of the leaf than the upper side. FC stimulated hyperpolari-

zation of MP positively correlated with the value of Fe(CN)o-

reduction. The effect of FC on MP absence when Fe(CN)6-reduction
on the upper side Of leaf is close to O.
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BIOGENESIS OF THE PERIBACTEROID MEMBRANE AND TARGETING OF NODULINS

IN SOYBEAN ROOT NODULES

Verma,D.P.S., Miao, G.-H., Chcon, C.-I.

Department of Molecular Genetics and Biotechnology Center, The Ohio State University, Columbus OH 43210-

1002

Endocytotic release of Rhizobium inside the legume root cells forms a new subcellular companment_ the

peribacteroid membrane (PBM) housing the bacteria. Derived from ti_e plasma membrane, this membrane

undergoes many changes (I) as it incorporatesnodule-specific proteins (nodulins). Integrity of this membrane is

vital for symbiosis. The PBM has propertiescommon to both plasma membraneand vacuolar membrane. We are

intereste,d in biogenesis, targeting,and function of PBM nodulins. Nodulin-26 and nodulin-24 are majorproteins of

the PBM. Nodulin.26 is an intrinsic PBM protein, while nodulin-24 is a surface protein facing the bacteroids.

These proteinsare targetedto PBM throughdifferentmechanisms.

Nodulin-26 representsa family of proteinsincludingMIP-26. The members of this family form channelsand are

conserved from bacteria to mammals. We have determined the topology of nodulin-26 in PBM. Nodulin-26

consists of 271 amino acids with six potentialwansmembranedomainsand lacks an amino terminalsignal sequence.

A full length nodulin-26eDNA and its various deletionderivatives were transcribedin vi,'roafter linking them to T3

promoter. In vitro translation of these transcripts in a rabbit reticulocyte lysate, in the presence or absence of

microsomal membranes, suggested that nodulin-26 is co-translationally inserted into the microsomes without a

cleavable signal pepdde. The f'trsttwo transmembranedomains (103 amino acids) of the protein are sufficient for

microsomal membrane insertion. Membrane-translocated nodulin-26 binds to Concanavalin A (Con-A) and is

sensitive to endoglycosidase-H treatment, suggesting it to be glycosylated. Topological studies on nodulin-26

suggested that both the N and C termini of this protein are on the cytoplasmic surface of the peribacteroid

membrane, while the glycosidic residue is on the membranesurfacefacing the bacteroids. In vitro phosphorylation

experiments showed thatnodulin-26 is phosphorylatedby a Ca2+-dependent,calmodulin-independentprotein kinase

located in the peribacteroidmembrane. Based on its homology with severaleucaryotic andprocaryoticchannel-type

membrane proteins, nodulin-26 may form a channel translocating specific molecules to the bacteroids during

endosymbiosis in legume plants. In order to understandbiogenesis of PBM, we are attempting to complement

various yeast mutantsdeficient in endocytosis, membrane biosynthesis, and the intracellular transportof protein_

with expression libraries of soybean and Vigna cDNAs. Isolation of genes involved in controlling membrane

biosynthetic pathways in plants will be of great importancein understandingthe signal transductionmechanism that

triggersmembraneproliferationand formationof subcellularcompartments.

1. Verma, D.P.S., Fortin, M.G. (1989) Nodule development andformationof the endosymbiotic compartment ly_

Vasil, I.K., Schell, J. (eds.), Cell culture and somaticcell genetics of plants, Vol. 6: The molecular biology , ,_

plant nucleargenes. Academic Press, Inc., Sar_Diego CA, pp. 329-353.
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TFLIPERATURE-DEPEh]DEh_ DYNAMICS FOR GROWTH SUBSTAL'CES Ah-D

PE_'.'_ABILITY OF WIITi'ERV{HEAT CELL ,.IE;..Bh'ANES

Gani-zade S.I., Fataliyeva S.[,[.

Institute of Botanzr of the Azerbaijar, _lcad,:y Of Sciences,

40 Patamdart Highwa2, 370073, Baku

An increase of the auxin activity has been observed

in the process of seed swelling within 2-4 hours at +I0, 27

and 55°C, while a deviation from 27°C has reduced it.

Under these conditions a high inhibiting ef£ect of c_cgs&c

acid with Rf 0.92 has been developing with a distinct
rhy_micality.

The effect of variable temperatures (35/27_ I0/27°C)

has induced a substance with Rf 0.85 showing inhibiting or

stimulating effects. The identification has given an evidence

of the adaptation as a result of induced phenolcarboxylic
acid.

It is assumed that the seed adaptation to u_-_avou_ab!e

..... conditions accomplishes both by reservins auxin substances

in a bound form and accumulating germination ir_ibi_ors.

The auzcin and inhibitor status on the organ level in

seedlings has been changed due to duration of differen_

temperatures. Uneven effects are the evidence of a temperature

influence on the transport of grovrth stimulants and

re-distribution of stimulants among organs.

Of discussing are the results of temperature-dependent

changes cell membrane permeabilities of a coleoptile and

root and their relationship to variations of the grovr_h
substance dynamics.
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CAROTENOIDS AND SENSORY TRANSDUCTION OF THE BLUE LIGHT RESPONSE

IN GUARD CELLS. Eduardo Zeiger, Department of Biology, University
of CAlifornia at Los Angeles.

Guard cells have well characterized responses to blue light,
that include stimulation of proton pumping, starch hydrolysis,
malate biosynthesis, and stomata1 opening. In intact leaves,
stimulation of stomata1 opening by pulses of blue light given
under high fluence rates of background red light irradiation have
an induction 1/2 time of ca. 9 sec and a decay 1/2 time of ca. 9
min.

The chemical identity and the localizatiom of the blue light
photoreceptor(s) in guard cells remain to be characterized,
although it has been widely assumed that the responses belong to
the "cryptochrome" type, presumed to be mediated by flavins. On
the other hand, we have recently isolated carotenoids from guard
cells and their chloroplasts and found that their absorption
spectrum was very similar to an action spectrum of the blue
light-stimulated stomatal opening. This finding prompted us to
investigate whether guard cell chloroplasts have specific blue
light responses which could implicate carotenoids as blue light
photoreceptors in guard cells.

Obtained results indicate that isolated guard cell
chloroplasts have responses to blue light matching those seen
with intact _uard cells. These responses include starch
hydrolysis and the modulation of red light-induced, chlorophyll
fluorescence transients by low fluence rates of blue light. We
also found that adaxial (upper) stomata from cotton leaves open
more in response to blue than to red light, and show a
concomitant, more pronounced blue light-dependent enhancement of
red light-stimulated fluorescence quenching than that seen with
abaxial (lower) stomata. A wavelength dependence of the blue
light-enhanced fluorescence quenching is very similar to the
absorption spectrum of carotenoids. In addition, adaxial guard
cells have about twice the carotenoid content than their abaxial
counterparts.

These data indicate that carotenoids could function as

photoreceptors for the sensory transduction of blue light in
guard cells. The well-characterized xanthophyll cycle indicates
that carotenoids are optimally suited to funnel energy away from
the thylakoid membrane, and the polyene-based photoreceptor
systems in bacteria and animals indicate that carotenoids are

very effective light signal transducers. Carotenoids in the guard
cell chloroplasts could act as molecular switches. Depending on
the energy charge of the thylakoid membrane, carotenoids could
funnel light energy into the antenna pigments and thus stimulate
photosynthetic reactions. Alternatively, carotenoids could move
away from the chlorophyll molecules and transduce the absorbed
energy into stroma and/or cytosolic reactions, expressed as blue
light responses. Several properties of the guard cell responses
to blue light can be explained by this hypothesis. Supported by
NSF, DOE and USDA.
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Regulation and Pharmacology of the SV-Channel in the Tonoplast

Membrane of Chenopodium rubrum L.

Thomas Weiser and Friedrich-W. Bentrup

BateUe Europe, Am R6merhof 35, D-6000 Frankfurt/Main 90 (Th.W.)
Institut ffir Pflanzenphysiologie der Universitiit

Hellbrunnerstrasse 34, A-5020 Salzburg (F.-W.B.)

The calcium-dependent slow-vacuolar (SV) cation-selective channel
in the tonoplast of Chenopodium suspension cells is reversibly blocked by
the calmodulin-antagonists W-7 and W-5; inhibition is cancelled by addi-
tion of native calmodulin isolated from Chenopodium, spinach or maize,
but not by bovine brain calmodulin [11.

, The SV-channel is highly sensitive against the scorpion toxin
charybdotoxin which is considered as a rather specific inhibitor of a parti-
cular class of calcium-dependent potassium channels in animals. The toxin
binds (half-max. at 20 nM) to the closed channel [2,4].

, The channel is blocked in a voltage-dependent fashion by the
aeetylcholine receptor antagonist ( +)-tubocurarine. This plant toxin binds
to the open channel, from the cytosolic side only, with 7 _M half-maximum
inhibition [3,41.

, The channel's mean open time is 30 ms, the closed time ranges
from 60 to 900 ms. Calcium and voltage control the channel's open proba-
bility predominantly through the closed time 15].

Bibliography
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THE MEMBRANE.BOUND AUXIN RECEPTOR IN MAIZE: ANTIBODY PROBES OF

STRUCTURE, FUNCTION AND ACTIVE SITE

Venis, M.A. and Napier, R.M.

HorticultureResearchInternational,East Mailing,West Mailing,Kent,ME19 6BJ, UK

A rangeof antibodieshas beendevelopedto probe thestructureand functionof the maizeauxin

receptor. The epitopesrecognisedby a numberof polyclonalsera and byfive monoclonalantibodies

havebeenmappedwiththeaid of an epitopemappingkit. The polyclonalserarecognisethree principal

epitopes, two of which are conservedin otherspecies. Two monoclonalsrecognisethe endoplasmic

reticulumretentionsequence (.KDEL)at the C-terminus,whileanothertwo recognisea regionclose to

" the N-terminus. Therefore we have markersfor specificpartsof the auxinreceptorand we are using

theseto identifyfunctionallyactiveparts of the protein. Additionally,we havea numberof seraagainst

a syntheticpepttde. This peptidewas identifiedfrom the publishedreceptorsequenceas being likely

to contributeto the auxinbindingsite. Theantipeptideserarecognisethereceptoron immunoblotsand

have potent auxin agonist activity on tobacco leaf mesophyli protoplasts, eliciting characteristic

hyperpolarisationof the plasma membrane. By contrast,antiserato the nativereceptoract as auxin

antagonists.This auxinagonistactivitymeansthat we have identifiedat least part of the auxinbinding

siteand leaveslittledoubt that the maize proteinis a genuineauxin receptor. We aim to design 'anti-

sense peptides'againstthis region of the proteinand to evaluatethese for auxin activity. While the

electrophysiologydata indicate that the receptoris active on the outsideof the plasmamembrane,the

bulkof the receptor proteinresidesin theendoplasmicreticuluminaccordancewithitsKDELtargeting

sequence. This and other questionswillbe discussed.
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CHAOTIC DYNAMICS IN PLANT GROWTH: INDIRECT EVIDENCE FOR

A STRAI_ RATE SENSOR ON THE PLASMA MEMBRANE OF GROWING

CELLS

Daniel j. Cosgrove, Dept. of Biology, Penn StateUniversity,UniversityPark.PA 16802

Many plantsexhibit spontaneous,sometimes oscillatory, fluctuationsin stem and root

elongation rate over periods of minutes to hours,even underconstantenvironmentalconditions. The

cause of such fluctuations is unknown,although randomfluctuation in internal processes is usually

assumed. This poster will present evidence foran alternativeview, namely that these fluctuations

arise from a nonlinearfeedback system which may act to coordinate membrane recruitment with

wall relaxation and surfaceareaexpansion.
• ,

When cucumber seedlings were challenged with step changes in externally-appliedpressure

(pressure-block device), their growth rates exhibited fast and complex kinetics of recovery.

Similarly, the growth response to pressuresinusoidsdisplayed time lags, resonances, frequency-

dependent harmonic responses, and period doublings. Analysis of growth-rate time series by

nonlinearforecasting indicates an underlying dynamicalsystem that gives rise to a temporal pattern

of "deterministic chaos". These features arecharacteristicsignatures of systems with nonlinear

feedback.

The results implyrapidfeedback (lag of 2-4 rain) from a sensor which measures growth rate

over an interval of about 1rain. This conclusion, in turn.means that if wall expansion is caused by

wall loosening enzymes, their activity must be closely coupled to cellular processes dependent on the

growth rate sensor. This complex growth mechanism may serve to coordinatewall expansion with

other requiredprocesses in growing ceUs (e.g. membranerecruitment and recycling) and under some

conditions may give rise to nutation and related growthoscillations. Likely candidates for this

postulated growth ratesensorare sU'etch-activatedionchannels which have the necessary sensitivity

to serve as sensitive gauges of membranestrain.
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STRETCH-ACTIVATED ION CHANNELS IN PLASMA MEMBRANES:

POSSIBLE STRAIN GAUGES FOR REGULATI¢ _ N OF CELL VOLUME AND

GROWTH RATE

Cosgrove, Daniel J., Departmentof Biology, Penn State University, University Park,Pa 16802 USA

Rapid cell expansion presentsa hazardto the plasma membraneof walled cells because the

mechanical forces generatedby turgorcan easily rupturethe membrane if its elastic limit (2-3% strain)is

exceeded. In rapidly growing cells and in guardcells duringstomatal opening, this elastic limit would be

reached in a few minutes, if membranerecruitmentwas not coordinatedwithcell expansion. Stretch-

activated ion channels may serve as straingauges to coordinate the separateprocesses of cell expansion

and membrane recruitment.

Stomataoften exhibit oscillatory responses to step changes in watersupply or transpiration

demand, which suggests a feedback system regulatingcell volume changes. Patch-clamp analysis [ 1] of

cell.attached membranes and excised membranesdemonstratedthatViciafaba guard cell protoplasts

have at least threetypes of stretch-activatedchannels (chloride-,potassium- and calcium-permeable)

which are distinguishablefrom their spontaneous(not stretchactivated)counterpartson the basis of their

kinetics, amplitudeand selectivity, as well as their sensitivity to membranestretch.

Cucumber hypocotyls exhibit complex growth dynamics characteristic of a system with

nonlinearfeedback [2]. These growth dynamics lead me to propose that stretch-activatedchannels in the

plasma membraneof growing cells act as growthratesensors to supply a signal (calcium?) which quickly

modulateswall relaxation processes. Evidence from cell-attached membranepatches shows thatcortical

cells from the growing region of cucumber hypocotyls have stretch.activatedchannels in their plasma

membranes, as predicted. Strategiesfor elucidatingtheirpossible role in growth rate regulation will be

discussed.

[1] Cosgrove, Daniel J. and Hedrich,R. 1991. Stretch.activatedchloride, potassium, and calcium

channels coexisting in plasma membranesof guardscell s in Vicia fabaL. Planta 186:143-153

[2] Cosgrove, Daniel J. 1992. Chaotic dynamics in plantgrowth: indirectevidence fora strain rate

sensor on the plasma membraneof growthcells. Abstract/Posterat this meeting.
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Uslnu LuminousPiants to Measure !ntracel!ular (_alcium

MarcR.Knight

InstituteofCellandMolecularBiology,UniversityofEdinburgh,Mayfield
Road,EdinburghEH9 3JH,U.K.

Aequorinisaproteinofcoelenterateoriginwhichspecificallybindscalcium
ions. Itconsistsof a singlepolypeptidechain,apoaequorin,and a

hydrophobicluminophom,coelenterazin¢.Upon bindingcalciumionsa
conformationalchangebringsaboutthereleaseofenergyasblue-light.For
thisreasonmicroinjectedaequorinhasbeenmuchused,especiallyinanimal
cells,to detectchangesincytosoliccalciumby measuringconsequent

changesinluminescence.Thisapproachhaduntilrecentlybeenlimitedto
singlecellsofarelativelylargesize.

By genetically transforming Nicotiana plumbaginifolia to express
apoae,quorin, and by treating them transgcnic plants with coelenterazin¢
produces luminous plants whose light.emission directly reports cytosolic
calcium. This m¢thod allows the measurement of increases in cytosolic
calcium in response to a number of stimuli cg. touch, cold.shock and the
addition of fungal elicitors. As this approach allows the mcasttrcment of
cytosolic calcium changes in wholeplantsforthe firsttime, measurements
of the the effects of stimuli relevent to whole plants, eg. wind, can be made.

Using a highly sensitive photon-counting camera it is possible to image
the aequorin luminescence resulting fromvarious stimuli, In this way some
sort of picture of which cells are involved in differentcalcium-responsescan
beconslaucted.

Mostrecentlyworkhasbeeninitiatedwhichinvolvestheuseofdifferent
coelenterazineanalogueswhichendowaequorinwithalteredprol_rtics,eg.

changesincalcium-sensitivity,andthepreparationofgen¢-constructsto
targetaequorintospecificorganeUes.Hopefullythisapproachwillallow

themeasurementoforganeUefreacalciuminvivo.
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