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Description/Abstract

The ‘Interfacing Microbiology and Biotechnology’ Conference was held from May 17 -
19, 2001 on the University of Florida Campus in Gainesville, Florida. Over 100 faculty,
post-docs, students, and research scientists from the US, Europe, and Latin America
participated. The conference successfully stimulated communication and the
dissemination of knowledge among scientists involved in basic and applied research.
The focus of the conference was on microbial physiology and genetics and included
sessions on C1 metabolism, archaeal metabolism, proteases and chaperones, gene arrays.
and metabolic engineering. The meeting provided the setting for in-depth discussions
between scientists who are internationally recognized for their research in these fields.
The following objectives were met including:

1) The promotion of interaction and future collaborative projects among scientists
involved in basic and applied research which incorporates microbial physiology,
genetics, and biochemistry,

2) The facilitation of communication of new research findings through seminars,
posters, and abstracts,

3) The stimulation of enthusiasm and education among participants including

graduate and undergraduate students.




- | | . 2:30 - 4:30 PM (Reilz Union - Rm 282) | .
Mayv 18. 2001 (Frida ' : A SES§ION 3: NANOCOMPARTMENTS OF PROKARYOTIC CELLS -
Y% ( y) © . "+ Chair! HENRY ALDRICH (Universily of Florkla, Gainesville, FL)
JESSUP SHIVELY (Clemson University, Clemson, SC)
The Carboxysome: A Simple Organelle that Enhances Carbon Dioxide
i Fixation by RuBisCO
! THOMAS A. BOBIK (University of Florida, Gainesville, FL)
8:30 - '
Wemo:,: 5 AM (Reitz Umon Rm 282) C , Nanocompartments of B12-Dependent Catabolic Processes of Salmonella
RICHARD JONES Dean for Research JOHN FLANAGAN (Brookhaven National Laboratories, Upton, NY)
Baclerial Protain Disassembly Lines: ATP-Dependent Proteases

(University of F Ionda College of Agncullure & Life Sciences) EVERLY CONWAY DE MACARIO (Wadsworth Center, Albany, NY)

8:45 — 10:45 AM (Reﬂz Umon -Rm 282) ‘ Microbial Diversily, Sutvival, and Stress Genes in Biolechnologically

SESSION 1: C1 METABOLISM & METHANOGENS Important Ecosystems
Chair: THOMAS A. BOBIK (University of Florida, Gainesville. FL)
GERIIARD GOTTSCHALK
(Inst fr Mikrobiotogie u Genel, Goemngen, Germany)
The Genoine of Methanosarcina mazei, the Largest Assembly of Genelic
Infonnation in an Alchaeon

ROLF THAUER : | - May 19, 2001 "

8:00 — 8:30 AM (Reitz Union - Rm 282) |
Registration — Check-In/ Colfee and Muffins -

6:30 - 9:00 PM
Receplion & Poster Session (Micro Bidg - West Atrium) .
Dinner (Micro Bldg —~ Rm 1042)

(Max-Planck Inst lur l’erreslr Mikro, Mafburg. Germany) . .
Mechanism of Biological Methane F onnalnon 8:00 - 8:30 AM Colfee and Muffins (Reitz Union - Rm 282)
KEVIN SOWERS | B
(University of Maryland Baltimore, MD) ‘ ' ' 8:30 - 10:30 AM (Reitz Union Rm 282) -*
Developments in Melhanosarcinal Genetics S - SESSION 4: METABOLIC ENGINEERING & REGULATION
MADELINE RASCIIE Chair: JONG HO LEE (Sung Kyun Kwan Universily, Suwon, Korea)
(University of Florida, Gainesville, FL) : TONY ROMEO (Universily of Nosth Texas, Fort Worth, TX)

Regulation of Bacterial Metabolism and Behavior by the RNA-binding

Methanopterin Biosynthesis in Methanogens and Methylirophic Bacteria :
. P prolein CsrA and the Non-coding RNA, CsrB.

10:45 - 11:00 AM Coffee Break . : JON STEWART (University of Florida, Gainesville, FL)
i ' ' Engineering Whole Microbial Cells for Chiral Organic Synlhesis
11:00 AM —~ 1:00 PM (Reilz Uulon Rm 232) . ' ' LONNIE O. INGRAM (University of Florida, Gainesville, FL)
SESSION 2: ENVIRONMENTAL MICROBIOLOGY AND BIOREMEDIATION Engineering BQC‘e'i? for Elha_nol PfO_dUc“f)n
Chair: JULIE MAUPIN-FURIOW (University of Flonda Gainesville, FL) JAMES PRESTON (University of Florida, Gainesville, FL)
Wil LIAM WIHITTMAH , , Microbial Strategies for the Depolymerization of Glucuronoxylan
(University of Georgia, Alhens, GA)
Examination of Prokaryotic Diversity in Natural Samples 10:30 — 11:00 AM Coffee Bieak
JUERGEN WIEGEL. : , ‘ . : )
(University of Geoigia, Athens, GA) 11:00 AM — 12:30 PM (Reilz Union - Rm 282)

SESSION 5: BIOINFORMATICS AND GLOBAL GENE REGULATION

Anaerobic Dehalogenation of PCBs: Influence of Environmental Factors . . o= ;
Chair: AMY GRUNDEN (North Carolina State University, Ralcigh, NC)

on the NDehalogenalion Roules

STEVE RAGSDALE ; K. T. SHANMUGAM (Universsily of Florida, Gainesville, FL)
(Universily of Nebraska-Lincoln, Lincoln, Nl:) E. coli Gene Arrays — Analysis of Gene Regulation
Microbial Metabolism of Greenhouse Gases and Chlorinated Aromatics STEVE BENNER (Universily of Florida, Gainesville, FL) o
AL FRED SPORMANN . ; Bioinformatics Approaches to Understanding Prolein Function
(Stanford Universily, Stanford, CA) MICHAEL ADAMS (Universily of Georgia, Athens, GA)
Novel Enzymes in Anaerobic Hydrocarbon Mineralization Insights into the Metabolism of Hydrogen and Sullur by the
. Hypetthermophite Pyrococcus huriosus

1:00 PM tunch - (Reitz Union - Arredondo Room :
) 12:30 PM Lunch - (Reitz Union - Anedondo Room)




SEMINARS. MAY 17,2001 in order of presentation;

Biotransformation of furfural by ethanclogenic bacteria: Complete conversion to "unurvl aicohol. effect on
ethanol production. and the influence ofselected organics on this reduction

TONY GUTIERREZ, MARIAN L. BUSZKO. LONNIE Q. INGRAM. AND JAMES =
Fiorida, Institute of Sooc¢ and Agricuiturai Scisnce. Department of Microbiotogy and Tzl
Gainesville, Fiorida, 32611-0700. USA.,

' The ethanoiogenic bacteria Escrericnic coii strains XO11 and LYO!. and Lessieila oxytocs st PLL wers
investigated for their ability to degrade furfural. Using high performance liquid :arematography. and °C auciear
magnetic resonance spccwoscoov furfurai was found to be completeiy biotransiormes into urtury! aiconoi Sv 2ach of
the thres strains in LB medium: The nature of this reduction was found 10 be constitutive with NADIPH acting 25
sffective e donors. and giucose as an sfTective source of reducing power. Succinate :nhisited furfurai reduction.
indicating that flavins are uniikely to participare+in this procsss. During growth of these Z. cofi sirains in LB medium
supplemented with xylose. the effects of furfural on ethanoi production were ;xznmc‘.r.; with concentrarions of ~ 'O
mM retarding the lag (by 1 h) and decreasing the rate in 2thanoi sroduction. These inhititory 2ffects on 2thanoi
production suggest that furfural may act as 2 redox sink in redirecting reducing ;ow er 2way from the sthanol pathway
for its own reduction to furfuryl alcohoi. Since the final ethanoi vields, however, wers no: decreased by the reduction of
the furfural, this pool of redirected reducing power must have thus been rcpicnisnca oy some components(s) in the
supplemented (LB) medium used for growing these cultures. The enginesring of ethanoiogenic strains of bacteria ©
produce higher levels of furfural reductase may allow for a decrease in the time .-:c irec 10 convert sugars 10 ethanoi,

and increase the tolerance of these strains to concentrations of furfurai highser than 10 mM.

PduA is a Shell Protein of Polyhedral Inclusion Bodies Associated with the B,.-Dependent Degradation of 1.2-
Propanediol in Salmonella enterica serovar Typhimurium LT2
G.D. HAVEMANN, E.M. SAMPSON, AND T.A. BOBIK. University of Florida. Insunute of Food and Agricultural
Science, Department of Microbiology and Cell Science, P.O. Box {10700, Gainesville. Fiorida. 32611-0700, USA.
The pdu locus of S. enserica encodes the genes necessary for the degradation of 1.2-propanediol. The iocus
has been sequenced, and a toral of 23 hypothetical genes were identified. This is many more genes than reguired to
encode the proteins for the proposed degradation scheme of 1,2-propanediol in S. 2nrerca. BLASTp analyses reveaied
seven pdu genes encode proteins related to those involved in the formation of the carboxysome. an organelle found in
cyanobacteria and chemoautotrophs which is thought to function in CO.-fixation. Carboxysomes are composed of a
proteinaceous shell surrounding an interior filled with the major Calvin cycle enzvme, RuBisCO. Observation of S.
enterica cells grown aerobically or anaerobically on 1,2-propanediol by elecron microscopy revealed that polyhedral
inclusion bodies were synthesized, and immunolabeling demonstrated that propanedioi dehvdratase co-iocalized with
these structures. As of yet, no known function has been found for these polyhedral bodies. S. enterica is not an
autotroph and does not express RuBisCO. In order to elucidate the function of the poivhedra. studies of the
carboxysomal shell protein homologues are underway. Here we report the initial characierization of PduA. a protein
encoded by the pdu operon., which shares homology with carboxysomal shell protzins. A Z—iis,s,-Pdu-\ gene fusion was
generated and overexpressed in £ coli. Afier purification, the denatured protein was vsed for polvelonai antibody
production. Western blots demonstrated specificity 1o PduA and immunocytochemisty revealed labeling iocalized o
the periphery of the polyhedral inclusion bodies, sugzesnng thar PduA is 2 compenent of the shell of these polyhedral
inclusion bodxes

Asymmetric Reductions of B-Keto Esters Using Engineered E. coli
BRIAN G. KYTE, A. ANDREWS, AND J. D. STEWART. Dmve"sxtv of Florida. Degartment of C‘xe'n'sm P.O. Box
117200, Gamesvme Florida, 32611-7200, USA.

" Two aldo-reductases, Yprlp and Gre2p. have besn sioned from Sc::h.:r:my:g: cerevisice anc over-expressed

_in Escherichia zoli to catalyze the whoie-cell asymmc;ric reguction of 8-keto esters. Whiie we had initiaily expected

that E. coli would be a host with no native competing enzymes. a 2.5-diketogiuconate resuctase first identified by Pan
et al. competed with Gre2p. To soive this probiem. a knockout strain in which the sompsting reductase has been

-!xmmazcd is deing deveioped for the sxpression of GREZ. The use of this and other engineersd Z. coli sirains for the
stereoselective B-kero ester reduction will be discussed.

Genetic analysis of formaldehyde metabolism in Merhyiobacterium extorguens AM1 :
CHRISTOPHER . MARX -\\D MARY Z. LIDSTROM. University of Washing:on. Zent. \X. r0DI0I.. 30X 357241,
Seartle, WA 98195 ; ) : : o

Methvlotrophic bacteria producs the toxic compouna formaidenvce s sznerai
metabolic intermediate during growzh'on, methanol. This prasents a speciai chailenss “or mnese orzanisms: 20
simultansously zeserate 3 qigh Tux of Jormaidanyvde for optimai growth wm.. sravenung formaidehvds fom
accumulating to ievels which wouid be toxic. We have identified 2 number of z2nes .12 e serine cycie methviotroph
Methylobacterium excorguers AMI that appear 10 play a role in preveating “ormaidznvde accumulation. Three of these
genes, sae, midB, and ymaC encode enzymes that participate in the {,MPT-dezenzen: formaldehvde oxidation

s




pathway. Preiiminary data suggest that the other genes with this mutant phenotype are :nvoived in H,'WT biosynthesis.
Strains bearing mutations in these genes not only fail to grow on methanol, but are extremely sensitive to the presence
of methanol during growth on succinate. The methanol sensitive phenotype is not observed in identical mutants
constructed in a ne.nanol deavdrogenase mutant strain. Furthermore, the sxpression of a heteroiogous formaldeayde
oxidation systém Srom Parccoccus demiryficans that is glutathione-dependent rescues the ceasitiviny of these mutant
strains. Our data suggest that the H,MPT-dependent formaidenyde oxidation pathway siavs 2 duai role in both
dissimilatory metabolism and formaidshyde detoxification.

Metabolic Potential of Erwinia chrysanthemi Pl 10 utilize xylan for fermentation.
ANURADHA RAGHUNATHAN AND JAMES F. PRESTON. II1. institute of Food and Agricuiturai Sciences.
Department of Microbiology & Cell Science. University of Fiorida, Gainesville, FL 32611 s

-An objective of this work is 10.determine the potc'mal of Erwinia chrysenthemi P! {ECP1) 0 convert -
hemice!lulosic biomass 10 biobased products. an? identifv reievant genes encoding 2nzvmes with which (o enginess
other bacteria. The predominant poiyvsaccnaride in the hemicellulosic fraction of hardwoods and crop residuss. ang the
source of xylose for fermentation, is giucuronoxyian (GAXn. 2 3-1,4- linked linear xylan with £-O-methyl-D-
glucoronic acid residues linked a-1,2 10 some of xvlose residues. Zrwinia chrysenthemi P, isoiated Som the dicat
Anthurium sp., secretes an array of pectinases and ceflulases that contribute 0 the maceration of piant tissue. W= have
now shown that this swain also secretes an endoxylanase, raising the possibility that it may be used for the fermentation
of polymeric xyiose in hemicelluiose without the need for prereatment. Fermentation of xylose by this organism
produces predominantly butanediol and ethanol among various other products. EC?! shows sequentiai utilization of
glucose and xylose in a mixed substrate environment. exhibiting diauxic growth indicative of a cAMP-dependent
induction of xylose utilization. Although it exhibits constitutive endoxylanase activity, there is no growth on GAXE.
Growth on glucose and GAXn results in the depolymerization of GAXn to limit products. which are not consumed
during or after growth on glucose. Thus the xylanolytic activity of ECP] is unable 0 reiease products for its own
metabolism. NMR studies indicate that addition of - xylosidase, to a culture of ECPI (with constitutive xylanase
activity), growing on glucose and glucuronoxylan, results in the release of a xylose residue that can be fermented. The
B-xylosidase gene from ECP! was cloned and sequenced. Based upon deduced amino acid sequence. the B- xylosidass
produced by ECPI showed 89% identity with that encoded by the ngA gene in Erwinig charvsanthemi D1 isolated from
corn. Thus xylanolytic strains of £ chrvsanthemi may oceur in association with dicots as well as monocots. The
inability of these strains to utilize the xyianase generated products for growth ‘suggest’ a role that is confined to the
colonization of the plant. While ECPI shows promise as a biocatalyst for the conversion of xylose to butanedioi. the
utilization of hemicsilulose will require its engineering to produce a GH10 endoxylanase and g-glucuronidase. The
well-defined secretory systems nevertheless support the further development of ECP! as a biocatalyst to produce
butanediol from lignocellulosics.

Flux through citrate synthase limits growth of ethanologenic Escherichia coli KO11 during the fermentation of
100 g/L xyiose.
- STUART UNDERWOOD & L. O. INGRAM. University of Fiorida. Institute of Food and Agricultural Science.
Department of Microbiology and Czil Science, P.O. Box 110700, Gainesville, Florida, 3261 1-0700, USA.
Hemicellulose hvdrolysates contain 80-120 g/L of sugar, of which apprex.maxciv 75% is xylose, Cells were
grown in medium containing 10% xylose (simulating hydrolysate), commercial nuzieats (1% cormn stesp liquor), and
minerals. Aerobic cultures grew to cell densities of 2.5 g/L (drv weight), while anacrobic cultures rsached less than 1
g/L. Surprisingly, addition of pyruvate (2 g/L) resulted in a 2-fold increase in ce!l mass. Acetaidehyde decreased the
NADH/NAD- ratio (whole cell fluorescence), and stimuiated growth by 2-fold. Although addition of TCA pathway
intermediates of the reductive arm (oxaloacetate, malate, fumarate, succinate) had no effect. addition of 2-ketogiutarate
(2 g/L) increased growth 2-fold. During fermentation. the TCA pathway supplies carbon skeletons for the biosynthesis
of over half the of cellular protein. Phosphoendipyruvats carpoxylase (PPC) contreis the Sow of carbon into the
reductive arm (33% protein), whiie citrate synthase regulates the flow into the oxidative arm (22% protein). Our results
suggest that flux through citrate synthase appears 1o be limiting. The native £ coii sitrate synthase is allosterically
inhibited by NADH. bur this is not true of all citrate synthase snzymes. Bacillus suliilis nas Two citrate svnthases,
citrate synthase-i (citd) and citrate synthase-il (citZ). Citrats svnthase-I is similar o the £ coii citrate synthase.
However. citrate svnthase-I1 is insensitive 10 NADH but is allesterically reguiated v ATP.. The citZ g:nc was cioned
and expressed in £. zoii KO11. During pH-controlled fermentations, sxpression of :is c_r:n'* at iow jeveis resuited in 2
2-fold increase in call mass. These resuits confirm that thers is not 2 mineral or anerpy | limization in this medivm. Sur
rather a {imitation in meraboiic fux through- sitrate svnthase.
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Identification of the human methylmalonyl-CoA racemase based on analysis of prokaryotic genomes:
implications for decoding the human genome.
THOMAS A. BOBIK AND MADEL '\IE . RASCHE. Department of Microbioiogy and Czil Science. Universin’ of
Florida. Gainesville, Florida 32611.

Prokarvotes fraquently cluster zenes of reiated function. Hence. the fufiction of a prokarvotic zene can ofizn
be inferred from knowledge of the function of its chromosomai neighbors. Such andiyses appear inappiicaoie o
eukaryotes, since gene clustering is rate in these organisms. However, here we show that the functional information
derived from analysis of prokaryotic neighbor-genes can be extrapolated to higher sukaryotes by homology searcaes.
The genes investigated here were prokaryotc methylmalonyi-CoA mutase genes and their chromosomal neighbors.
‘Two groups of homoiogues were found that frequently cluster with prokaryotic mutase genes. and both gene groups
had homologues in the human genome. 3ecause methyimaionyl-CoA mutases are involved in the metabolis o
propionyi-CoA, we inferred that conserved neighbors of methyvimaionyl-CoA mutase genes and their human
homologues were also involved in this process. Subsequent biochemical studies sonfirmed this infersnce by showing
thar the prokarvotic gene PHO272 and its human homologue both encode DL-methyvimalonyi-CoA racemases. This
demonstrates that the analysis of prokarvetic neighbor zenes can be extrapolated o higher 2ukarvores oy homoicgy
searches. This approach may also have allowed the identification of a putative hurnan disease gene sincs defzets in DL-
methylmalonyl-CoA racemase may cause methyimaionyl aciduria. Given the iargs number of genomes secuencss that
are available, extrapolated neighbor analyses can be expected to have broad applicabiiity and will likelv make 2n
important contribution to decoding the human genome.

POSTERS. MAY 17 - 18, 2001
(in order of presenting author*)

Gene Expression Analysis of Escherichia coli Growing under Aerobic and Anaerobic Conditions.
HAN TAO*, K.T. SHANMUGAM AND L. O. INGRAM. Dcoanmcm of Microbiology and Czil Science. University
of Florida, Gainesviile, FL 32611.

" As a facultative anaerobe, Escherichia coli has a versatile :ncrabohc lifestyle which allows aerobic growth as
well as fermentation of sugars to useful products. Upon the switch from acrobic 10 anaerobic conditions, exprcss:on of
several genes are significantly altered. Using physnologxcal and genetic tools. several of these genes have beesn
identified. Since the function of more than 50% of the genes in the E. coii genome is vet to be identified, it is possibie

that the expressnon of many more genes is also be regulated by the availabiiity of oxvgen..Recent advances in.

functional genomic technologies such as DNA microarray construction provide a unique way to explore the metabolic
and genctic control of gene expression at the organismic level. In this study, the gene sxpression profile of aerobic and
anacrobic cultures of £ coli was determined using £. coli gene array.

Altered Sugar Utilization Patterns by Eshcerichia coli Carrving Plasmid-Encoded Xylose Operoas with
cAMP/XyIR-Independent Promoters

F. G. HEALY*, M. L. BUSZKO. H. TAO, R. GONZALEZ K. T. SHANMUGAM. AND L. O. INGRAM.
University of Florida, Institute of Food and Agricultural Sciencs, Department of Microbiology and Cell Science, P.O.
Box 110700, Gainesville, Fiorida, 32611-0700, USA.

When grown on sugar mixtures, Escherichia coli preferentially consumes sugars that support the highest
growth rate. For example, the utilization of xylose in medium conmwining glucose and xylose proceeds only after the
depletion of glucose. “Cartabolite repression™ and “inducer exclusion™ ars familiar mechanisms by which £ zoii
regulates the sequential urilization of glucose followed by other PTS or non-PTS carbohvdrates when grown in mixed
sugar medium. We are interested in cellular responses to alterations in carbon flux patterns and other physiological
changes that may occur under conditions when transcriptional-level glucose repr:ssxon is removed. The cAMP-CRP-
and leR—aca-nde'u expression of genes required for xylose rranspor: and metaboiism (xp/ genes) has been confirmed
through various genetic. biochemical. and genomics approaches. In order to advancs our understanding of the
rezulation of carbon utilization through primary metabolic routes beyond the level of zene transcription. we are

. crcatmg conditions in witich cells are constitutively expressing xvi genes in glucosexviose-containing medium. Under
such conditions, pentose sugars should be made availabie for = etabolism through ¢ pentose phosphate reaction
" sequence at the same time that glucose is availabie for PTS-mediated uptake and metaboiism via the Embder
Meverhof-Pamas pathway. Lvsmg heterologous DNA fragments as cAMP-CRP- ané XyIR-indepéndent promoters of
plasmid-encoded xvi genes. we constructed constitutiveiy exgrassed xyl operons anc svaluated their abitity t0 udlize
glucose and xylose simuitaneousty. Ciones that simuitaneousiv. utilized xylose an siucose wers identified. as well as
clones that prefersntially utilized xyloss. Although these studies show that xylose uulization is preferred over glucoss
in these constructs. the growth rate of 2. coif in the presence of both sugars was the same as that of xviose alone. ‘This
lower growth rate and the avaiiability of giucose imposed a seiection for variants that utiiizee giucose and grew at
higher rates. Mechanismts) underiying this phenotypic reversion are under investization.
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Structure and Function of Proteasomes from a Halophilic Archaeon. Haloferex volcanii
STEVEN 1. KACZOWKA=, HENRY C. ALDRICH AND JjULIE A MAUPIN-FURLIW. Degarimen: of
Microbiology and Call Sciencs, University of Fiorida Gainesviile, L.

The 20S proteasome. 2 muiticatfilytié proteinase composed of Saur sticx2s Jeptameric min g- aoo‘ars 0
ubiquitous to the Archaea and Sukarya. The protezsomal ings are made up of ~wo “2miiiss of supunis designated x
and B. In the Eukarva these rings are composed of up to 14 different suunits: whersas, in the Archaea zh- majorizy of
20S proteasomes are composed of a single @ and 3 subunit. Among the Archaea. Faiojercx volcan:i is a unique model
system in that it contains two ¢ subunits and a single 3 subunit,

The two proteasomal a subunits from . voicanii were separately produced. with C-ierminal histidine ags.
from expression vectors in H. volcanii and purified by Ni-*-NTA chromatograpny. 3ased on ‘Wesiarn diot anaivsis it
appears that the @, subunit co-purifies with the o, subunit in active peptide hvdroivzing proteasorme comepiexes.
Further evidence from both 4. volcznii and recombinant Sscherichia coii indicatss the wo ¢ SUDURIS can associate
together as heterogencous teramers and heptamers. Anaiysis of @, and . protein separatelv purified Som
recombinant £. coii indicates that each is capabie of forming ringwdiscs. A iime sourse of ¥, volcon: grown in satch
culture indicates the two proteasomal & subunits appear 0 differ in the ieveis present Iunng Zrowt: as determinsc v
Western blot analysis. The levels of @, protein dppear to be constitutive throughout the period of the time-course.
whereas the a, protein only starts to appear at significant leveis during the 2ariy througn 10 the jate siztionary phases of
growth. '

Developments of an Expression Vector for the Methane-Producing Archaeon Methanococcus maripaludis.
WARREN L. GARDNER, TIFFANY A. MAJOR*®, WILLIAM B. WHI'Z'.\/H_\' sparment of Microbiology,
University of Georgia, Athens, GA 30602-2605

Archaeal shurtle vectors are-under development in our laboratory for exprassion of proteins that cannot Se
produced in bacterial systems and for complementing murations. Because little is known about the mechanisms of
replication and copy number conwrol in archaeal plasmids, this topic is of interest as well. in previous work. the
expression shuttle vector pWLG30+lacZ was constructed from the cryptic methanococzai piasmid pURBS00, the
moderately strong Merhanococcus voltae promoter PhmvA, the
puromycin resistance casserte, and pUC. Tn7-based ransposon mutagenesis was performed on pWLG30+iacZ to
identify regions essential for replication in methanococei. Eight mutants contained f-ansposmons within pURBS00--
derived open reading frames (ORFs). The two mutants with insertions in ORF1 failed to wansform M. maripaludis,

. suggesting that ORF1 was necessary for replication. - The other six mutants transformed atn':qucncxcs comparabie 10
the parental shuttle vector and, therefore, did not appear to be essential. The ieveis of expr:sswn of B-galactosidase in
transformants of these mutants varied from 62% to0 210% of the levels observed in ransformants of the parental
plasmid. Therefore, the copy number of the mutants was probably riot greatly changed. Based upon these results, the
vector pWLG40+lacZ was constructed by removal of 2.4 kb of methanococcal DNA from pWLG30+lacZ. Upon
transformation into M. maripaludis, the expression of 8-galactosidase was identical to wansformants of

'pPWLG30+lacZ. Finally, the PhmvA promoter of pWLG40~lacZ was repiaced with the swong archacal
surface layer protein promoter Psia. This new construct will be transformed into V. maripaludis 1o determine whether
promoter strength affects B-galactosidase expression.

Genetic analysis of formaldehyde metabolism in Metkylobacterium extorguens AM1
CHRISTOPHER J. MARX* AND MARY E. LIDSTROM. University of Washington. Dept. Microbiol., Box 357242,
Seattle, WA 98195, (as above for seminar) C

Influence of the alpha subunit on the proteolytic activity of 205 prnteasomes.
MARK S. OU. HENRY C. ALDRICH. AND JULIE A: \/L-\;.'PI\’-FL'R.._O\\ ecartment of Microsiology and Call
Science, University of Florida. Gainesville. FL. .

The 20S proteasome is a 600- 1o 700-kDa multicataiytic protease compiex ubiquitous t0 both the Zucarya and
the Archaea which piays a maior role in the urnover of proteins in the ceil. The 2CS proteasome is composed of a-
and B-type subunits in a cylinder of four stacked. seven-memberzd rings in a a-B~¢-a.- con.xgurauon The
proteolytically active sites responsible for peptide bond cieavage are sequestersg within 2 sentrai chamber formes by
the P subunits: however, the role of the c-rings and the antechambers Tormed by the rz/B-; ing interface has not been
well-studied.

To examine the role of the @ subunit. we have purified and characterized 20S proteasome chimeras of
Methanosarcina thermophila and Thermopicsma acidopriium o and B subunits i Mix-Taf-20S and Tag-Mt3-208
proteasomes). Electron micrograpns show that Soth chimenic complexas form swucturss of four stackes sings with
central channels like those of 20S proteasomes. The peptide avdrolyzing acaivities of the Mic-TaB-20S and Tac-Mtp-
20S proteasomes were similar 1o that of 20S proteasomes from I acidophiium and M. thermopniia, respectiveiy.
Similar results were seen from hydrolvsis of the 30 amino acid oxidized vnsulm chain 3 protein examined by reversed
phase high-, perzormanc. liquid-chromatograpny. However. hydroivsis of the {28 zmino acid a-lactaibumin protein




.

revealed distinct difarences in the composition of pcou\.e products produced. Peptids srocucss wers dentified Sy
mass spectroscopy and showed distinct differences in the cleavage parterns berween the different 20S proteasomes.
These results reveai that the & subunits i thé 20S protzasome can influencs the tvpes of products genersated during ‘he
hvdrolysis of larger proteins without influencing the cleavage specificity of synthetic peptide anc smailer srotein
substrates. These resuits aiso show that the protein domains required for assempiv of 208 proteasomes are reiativeiv
conserved in the Archaea

Three dimensional structure of Thiobacillus neapolitanus carboxysomes as determined by cryo-¢lectron
microscopy.

A. M. PAREDES'®, 7. SOYER?. H. C. ALDRICH’, §. LUDTKE'. H. TSURUTA*. W. CHIU'. AND ;. M.
SHIVELY:. 'Baylor University, Houston, TX; “Clemson University, Clemson, SC: *University of Fiorida. Gainesviile,
FL; and *Stanford University, Palo Alto, CA.

Carboxysomes, found in certain photosutowophs and chemoautoopns. are polviedral scuctures deiimited
by a proteinaceous shell and containing RuBisCO. Viewed in thin section, thev =xhibit hexagonai profiles. Crvo-
elecron microscopy of carsoxvsomes of Thiodacillus neapolitanus reveals that the thrze dimensionzi sarboxysems
structure is a reguiar polvhedron. Previous swucrural studies using negative stain .‘...:roas have conciuded that they are
either icosahedral or dodecahedral. These two structures are related, and both have $:3:2 symmezy. To obtain 2 more
definitive structure, isolated carboxysomes were frozen in ethane and frozen-hvdrated sampies wers photograpned
using a JEOL JEM 1200-EX twansmission electron microscope operating at {00 kV. Images were recorded at a dosage
of 5 to 10 electrons per square Angstrom at a magnification of 30,000X. Using a suite of virus reconstruction programs

“that search for 5:3:2 symmerry and which have been extensively tested. we analyzed the images and Sound that the

carboxysomes are neither dodecahedral nor icosahedral. Having determined this. e decided to take a closer look ar the
data. Two major observations were noted from further study of the images. One. all of the images were six-sided
polyhedrons, and two, the structures were somewhat heterogeneous in size. The six sided nature ailowed us to 2ssume
a D6 symmerry, a polyhedron that explains the six sided projections observed in all micrographs. We processed the
data assuming this symmexry and were able 1o reconstruct a stable structure. The sucture appears 10 be unreiated 0
any conventional virus-like structure. The data are consistent with the conclusion that the carboxysoms is a D6
polyhedron with a 6-fold axis of symmerry along the top view and two 2-foid axes of symmewy perpendicular o the 6-
fold axis and along the side views.

Overexpressxon and purification of CprK. a putative transcriptional regulator in orzho-Chlorophenol
respiration of Desulfitobacterium dehalogenans.

- STELIAN M POP*, ALLEN W. TSANG AND STEPHEN W. RAGSDALE. University of Nebraska. Dept.

Biochemistry, Lincoln, NE 68588.

Desulfitobacterium dehalogenans, like other dehalorespiring organisms, derives energy from the use of
halogenated aromatic compounds as an electron accepror. The cprX gene, one of the 8 genes identified in the cpr
(chloro-phenol reductive) gene cluster, is constitutively expressed ar a low level and encodes a putative transcr'puorax
regulator of the pr gene cluster dunng dehalorespiration from Desulfitobacterium dehalogenars (Hauke et al. 2000. J.
Bacteriol. 182:5683-5691). In order to understand the regulatory system, we are using biochemical and genetic
approaches. The cpri gene was cloned and overexpressed in Escherichia coli using the pQE60 overexpression system,
which contains a 6xHis tag sequence, The purification of CprK was performed using a Ni-NTA affinity coiumn,
yielding ~90% homogeneity. The purified product was confirmed by N-terminal amino acid sequence analysis.
Although CprK beiongs to the CRP-FNR family, the results of metal analysis indicate that CprK is not a [Fe-S]
containing protein like FNR. Therefore, the activation of CprK likely involves response to the chlorinated compound
rather than redox conditions or the level of oxygen. Does CprK respond directly to the halogenated substrate? Ori vs
there an ineraction with another componem(s) of the transcription regulation svstem. for example. CprC” In ordsr
dissect the in vivo function of Cer and to answer these questions, seve'al methods. including the ge! shift ﬂooum
assay, are being expioited.

‘Pyruvate decarboxylase from Zymobacter palmae: Cldning, Sequencing and Biochemical Characterization.

CHANDRA RAJ®, L.0. INGRAM. AND J. A, MAUPIN-FURLOW. Departmen: of Microbiology and Cail Sciences.
University of Florida, Building 981. PO Box 110700, Gainesville. FL 32611. oo
Pyruvare decarpoxylase (PDC) is the key enzyme in ethanol fermentarion. PDC is distributed uid.-.iy in fungi
and plants but rare in bacieria. To date sequence of only one bacterial pdc gene from ._xmomona: mobiiis has besn
reported. In this swdy, 3 o6z gene was isoiated Srom 2 gram-negative dacterium Jimedacter paimae. .a.-, occ 2 gene
(1668 bp) encodes for $56 amino acids and the deduced amino acid sequence showed identity of 62% 10 Z. mobiiis

'PDC 419%'to Zea mey (plant) PDC and 28% to baker's yeast PDC. A hxgn ievei : 30-35 Urmg) of Z paimae PDC

activity was expressed in recombinant £. coii. The PDC purified from 2 saimae and recombinant Z. coi showed 2
molecular mass of 35 kDa on SDS-PAGE. The active PDC siuted at 228 kDa in ge! Slration chromatography
revealing tetramenc sonformation. Z. paimae PDC was not 2ctivated by substrats. .xmmtcd aK,ofd.23 w0
mM for pyruvate ang k., of 20520. The spectrophotometric titration demonstrate¢ inat modification of 4 of 10 Cys
residues in Z paimee PDC resulted in compizie inhibition of the activity consisten: \xm ail other PDCs.
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Microbial Diversity in an Acidic Refinery Sludge
D. SI'NGL:TON' S. STORY?", A.J. TEIN® D.J. ALTMAN®, P.C. MCRINSEY®. M.F. FRANK®. B. COLLUP*. W 3.
WHITMAN'. R.L. BRIGMON-. ‘University of Georgia. Athens. GA: “Wesunghouse Savannan River Company,
Aiken, SC.
Siudge sampies were obtained om a 100 vear oid Czechowics oii refinery near Czacnowice-

Dziedzice. Poiand. The aged siudge is acidic (pH 2) and composed of asphaitics higaly contaminatec with pelveyeli
aromatic hydrocarbons (PAHs). -\ddmonallv speat catalysts, heavy merais, diatomacsous ¢arth. silica ge. and coal {1y

ash was deposited at this site. Approximately 120.000 tons of this waste was deposited in unlined lagoons 3 meter deep
covering 3.8 hectares. A iotai of 45 bacteria. 68 fungi, and 7 veast sp. wers isoiated Tom the siudge cn an acidic
minimum medium 2xposed to naphthaiene vapor. A subset of the isoiates were characterized by :siassical axonomic
criteria, BIOLOG®. and analysts of SSU rRNA genes. A number of bacteria grouped within the Proteobacteriz and
were related to Raistonic. Pseudomoncs. Stenotrophomoncs, and Achkromobacrer spp. The mest sommoniy
encountered bacterial genus had high ntcleotide sequence simiiarity (98-100%%) 10 Raistonia sp. '-(_\’1 (8 isoiates). In
addition several bacteria belonging to the Actinobacteria fhigh G+C gram positives) and Firmicutes Tow G~C zram
positives) were identified. Five of the Raisronia spp. demonstrated dihvdroxyiating dioxvgenase activity by their
ability to able to convert indoie and indoie derivatives 0 indigo. Several of Raistoma spp. anc a 3acillus sp. grew on
catechol as a sole carbon source and 2.3- catechol dioxygenase activity was most commonly observed. The
naphthalene degradation products; dihydroxynaphthalene. trans-o-benzylidene pyvruvate. and salicyiic acid were
identified with Raistonia. Four bacterial isolates were abie to clear phenanthrene crystais sprayed onto agar plates and
of these one was also able 10 degrade acenaphthene, fluorene. fluoranthene. pyrene. and benzof(bifluoranthene. Some
fungal isolates that grew on naphthalcqc vapor represeat taxa that have not been pr:v:oush reported 0 degrade PAHs.
This internationai projec: that is part of a joint effort betweean the US Deparmment of Energy and the Poiish institute for
Ecology and Industrial Areas to develop efficient bioremediarion strategies for weament of acidic- and petroleum
sludge-impacted soils.

Molecular and Biochemical Investigations of Polycyclic Aromatic Hydrocarbon Degradation by Spaingomonas
paucimobilis EPAS0S
S.P.STORY"* R ULRICH? T. A. HUGHES?, E. L. KLINE?, S. H. HAYASAKA®. 'Westinghouse Savannah River
Company, Savannah River Technology Center, Aiken SC
*Clemson University, Clemson SC.

Catabolic genes, a reguiatory mechamsm, and metabolic pathways for naphthalene (NAP), phenanthrene
(PHE), and fluoranthene (FLA) were previously defined in Sphingomonas paucimobilis EPA5S0S. In the present study,
cosmid clones containing 30-45 kb DNA fragments harboring 2 Tn3 insertion from plasmid DNA of EPAS0S murants
defective in NAP, PHE. and/or FLA were subcioned and sequenced to identify other catabolic genes. Approximately
2.4 kb of a total of 5.2 kb sequenced shared significant homoiogy (85%%) to plasmid pNL1 of S. aromaticivorans strain
F199. Significant amino acid homology was found to known catabolic enzymes; dioxygenase subunits, 2
dehydrogenase. an aldolase-nydratase. Similarities were also found to IS-like slements, wransposases, imegrascs,

" transcriptional regulators, heavy metal resistance, and a conjugative plasmid facior. Additionally, there

unexpected significant matches to to Caulobacrer and nitrogen fixing Rhizobium and Agrobacterium spp. Thc
substrate range of EPAS505 with aromatic compounds was tested. EPA30S5 was able to utilize mono- and

. dicyclic aromatics including chlorodinitrobenzene (CDNB). One particular NAP/PHE mutant that accumnulated mera

ring fission products was also defective in glutathione-S-transferase activity. EPA3035 grew on anthracene but was
unabie to utilize acenaphthene (ACE), fluorene (FLE), pvrene (PYR), chrvsene (CHR), and benzo[blfluoranthens
(B[bJF) as primary substrates. ACE and CHR were not degraded to derectable catabolic intermediates. During
incubation with FLE. both 9-fluorenone and rrans-o-hydroxyindanyl oxobutenoic acid accumulated but hydroxy-
indane was aiso produced. 10-Hydroxy-1-phenanthroic acid was the final cataooiite detected with PYR. denoting orriio
ring fission.” Phenanthrene anhydride was the final B{bJF degradation produc: ndic:ninz mera ring fission,

Overexpression and Activation of Reductive Dehalogennse (CprA) from Desulf' robacterium dehalogenans in
Escherichia coli. ,
ALLEN W, SA\IG' AND STEPHEN W, RAGSDALE. { .,mvcrsm of Nebraskz. Dem Blocn 'nistry. Lincoin. NE
68588. :
Carmin anaerobic bacteria catalyze the dchaiozc Jation of chemical organic compounds. The reductive
dehalogenase (CprA) from Desuifitobacterium dehaiogencrs is an 1ron->ulfur and :orrinoid containing sazyme. A keay
enzyme in dehalorespiration pathway. it catalvzes the reductive removal of chiorine atom xrom 3-chloro-t-
hyvdroxyphenylacstate {CL-HPA) to visid hvdroxyphenyiacsiate (HPA). Although several reductive dehalogenases
have been overexpressed in . coii. they are found in inclusion bodies without activizy. We present evidencs that the
CpraA protein is found in the soiuble fraction when it is co-oversxpressed with trigger factor : TF 1 and GroEL-GroES by
using a pQES0 overexpression system. This result suggests that the. role of GroEL-GroES in the activation, of Cora
occurs through facilitation of the correct folding. The product of the reaction was idzntified by thin laver
chromatography. A gene ciuster invoived in orrao-chioropnenol respiration. has dezn isoiates ‘rom Desuifirogezerium



dehalogenans (Sraidt 2t al, 2000). So far, 2xcept Jor prd, thers are no geneuc or 2iocaemical data to support any
biological function for the rest of the cpr zenes. Our findings show a connection between zprd and some of the
undefined cpr genes. '

Purification and characterization of the 20S proteasome and PAN from Methanococcus nmriualudis.
H.L. WILSON, H.C. ALDRICH. AND ..a. MAUPIN-FURLOW. University of Fiorida. Gainesviile, TL 32611-3700
The 268 proteasome. compased of a 205 core and a 198 reguiatory particie (RP}, is responsibie Jor 2nergy-
dependent degradation of ubiquitinated proteins in eucaryotic ceils. 20S core subunits as-well as sroteins with
similarity to the regulaxow pasticle Tiphosphatase (Rpt) subunits of the RP are conserved in the A.rc"mca. reviousiv,
we reported the purification and characterization of the 208 proteasomie and an Rpt-iike protein {rom Metraroceez:
ijlﬂaSChn The Rpi-like protein stimulated 20S proteasome-mediated protein vcronvsns in the presencs of aucieotide
triphosphates, and was designated PAN (proteasome-activating nucleotidase). In this sudy, Methanococzus
maripaludis was chosen as a model organism dug 10 its close relationship to M. jannascaii as weli as the geastic 100is
available for this mesophile. The M. jannaschii pan gene was used as a probe w0 isojate he related gene Srom M.
maripaiudis. The deduced amino acid seguence of the isolated ORF was T0% identical o M. jannaschii PAN
(MjPAN), and was synthesized in recomoinant £ coii. M. maripaludis PAN ( \AmP-\N ) cross-reacted with an anti-
MjPAN antibody and formed a ~600-xDa compiex. MImPAN was also iess heat-stable than MjPAN and aggregated ar
50°C. During attempts 1o isolate MmMPAN directly from M. maripaludis. wwo compiexes of ~200-iDa with NEM-
inhibitable nucleotidase activity were identified. neither of which cross-reacted with anti-MjPAN. A 20S proteasome
was also isolated which hydroivzed the substrate LLVY-Amc at an optimum of ~80° C. Finally, the genes expressing
His¢-tagged MiPAN and MmPAN have been placed into the expression shuttle vector pW1 LG40 and svathesizec in
recombinant M. maripaiudis for further characterization.

Oligosaccharides Containing Glucuronoxylose as Substrates for Selecting Bacteria for Depolymerization of
Hemicellulose.
K. ZUOBI-HASONA. F. ST. JORN, 1.D. RICE, J SIMS AND J.F. PRESTON. University of Florida. Gainesviile, FL
32611
Hemicelluiose from plant biomass is an important renewable energy resource for production of 2thanoi and
other bio-based products. The predomiriant polysaccharide in hardwood hemicelluiose is
4-O-methyliglucuronoxylan (MeGAXn). Microbial strategies for the mezabolism of MeGAXn invoke a bantery of -
enzymes, including secreted f-xylanases and intracelular a-glucuronidases, for the conversion of MeGAXn into
fermentable substrates. In those few cases for which definitive information exists, the a -glucuronidases are specific for
4-O-methyl-D-glucuronopyranosyl-a-1.2-xylopyranosyl-- 1,4-xylopyvranosyl-g-1,4-xylose (MeGAX5), the product
generated by one of the endoxylanases. Industrial procsssing of lignocsliulosics for production of ethanol utilizes acid
hydrolysis to release free xylose and oligosaccharides containing 4-O-methyl-D-giucuronic acid (MeGA) linked to one
or more xylose residues. We have defined conditions for the seiective acid hydroivsis of MeGAXn from swestgum
(Liquidambar styraciflua) to release desired amounts of MeGA, MeGAX1, MeGAX2. and MeGAX3. These have been
_ isolated by preparative column chromatography and structurally characterized by HPLC, capillary slectrophoresis
(CZE), and 13C-NMR spectroscopy. These oligosaccharides have served in identifving bacteria able to conver: the
products generated by acid hydrolysis of lignocellulosics to constituent carbohydrate residues. Selected bacteria will
then serve as a source of genes encoding a-glucuronidases and B-xylanases with which to engineer b reria for
fermentative conversion of hemicellulose fractions to bio-based products.

SEMINARS, .\L-\Y 18-19. 2001
(in order of presentation)

SESSION 1: C1 METABOLISM AND METHANOGENS :
The genome of Methanosarcina mazei, the largest assembly of genetic information in an Archaeon
U. DEPPENMEIER. T..LIENARD. A. JOHANN, TH. HAR"'SC-I. AND G. GOTTSCHALK

Abteilung Allgemeine Mikrobioiogie and-Gottingen Genomics Laboratory. Instini Sir Mikrobioiogie und Genetik der

Gcorg--\uzust-bmvemtét. 37077 Gontingen. Germany.

The genome of Merhanosarcing maze: :ompnscs approximately 4 megabases. The information present not oniy
includes the genes for methanogenesis from H2 ~ CO2 but aiso doubie- or triple-sets of genss encoding
methyliransierases for methyiamine utiiization. genes for membrane-integrated anc sroton-transiocating
pyropnosphatases. the proton-mnsioca:inz F420H2- denvdrogenase compiex and for sytecarome and
'nexha.nopncnazme smthesxs A significant percentage of genes is of bacterial ang sukarvai origin,

\lechamsm of biological methane formation -
R. THAUER. Max-Planck-institus S tarrestrisehe Mikrobisiogie, Kari-von-Frisch-Sir., D-35043 Marourg ¢ Germany

- Methane is a quantitatively imporiant end product of the anaerobic microbtai desomposition of drganic
matter. It is formed by strictly anaerobic microorganisms all Seionging to the archasa and in all methancarchaea by the
same reaction. namelv the reduction of methyi-coenzyme M, CH;-3-CoM) with ceenzyme 3 (HS-CoB* 1o CH. and the




heterodisulfide CoM-$-3-CoB. This reaction is catalyzed by methvi-coenzyme M racuciase which harbors a nickel
porphinoid prosthctic group F430 which has to be in the Ni(I) oxidation state for the enzyme 0 be active. The crvstal

" structure of the nickei =nzyme has been 2iucidated and a catalytic ’*xcc‘xam<m invoiving a zoenzvme M thivl radical and
a heterodisuifide anion radicai as intermediates has besn proposed (1), In the active site r2zion 537 he methvi-coenzyme
M reductase. ciose 0 whers the coeazyme 3 sulfur in the enzvme product compiex isiocaies, 1 miopegtide bound
thioglycine was “ound 10 be conserved (2). Thiopeptides can be reducad by one siectron generaung 2 thioketyi radical
at a redox potentiai predicted 10 e more positive than that of 2 disuifide anion radic2i /2% =-1.5 V7 but suiil negative
enough for the reduction of Ni(Il) Fis0 20 Ni(I} Fy30 (E® = -630 mV") considersd to be the Snal step in the caraiviic
cycle. It is therefore proposed that the reguction of Ni(Il) Fa30 to Ni(I) F.yp involves a thioketyl racical as intermediate.
Results supporting the hvpothesis will be discussed.
(1) Ermler. U.. Graparse. W., Shima. S.. Goubdeaud. M. & Thauer. R.X, 1 1967 Science 2720 13371462,
(2) Seimer. T.. Kannt. 1., Goubeaud. M.. Shima. S., Grabarse, W.. Srmier. 7. & Thauer, R.X.. 120004 . Fiol. CThem.
275, 3755-3780 »

SESSION 2: ENVIRONMENTAL MICROBIOLOGY AND BIOREMEDIATION
Examination of prokaryotic diversity in natural samples '
“WILLIAM B. WHITMAN, Department o7 Microbiology, University of Georgia. Atheas’s G602

A compilation of direct cell counts from a variery of microbial habitats suggests that the :otai number of
prokarvotes on earth is on the arder of 4-5 x 10°° cells and that the prokarvotic biomass is 350-330 Pg of carbon or
comparable to that found in plants. Even though most of the prokarvotic ssils are found in the subsurfacs, prokarvotic
productivity appears to be higher in the oceans and soil. Multipie simuitansous murations in wideiy disributes genes
in these environments must be very frequent. with up to five simuitaneous mutations occurring in 2 single zene
somewhere within the population every 20 minutes. Thus, the verv large sopulation size of prokarvotss providcs at
least a partial explanation for its enormous diversity, and aitempts to undersiand this diversity are a special chailenge.

The definition of a prokaryotic species depends in part on the extent of hybdridizarion of the genomic DNA
yet many organisms abundant in the environment are known only by their 16S rRNA gene sequence. The relationship
of 16S rRNA seguence similarity (S) to DNA hybridization (D) was found 1o be well described by the squation: In(-
InD) = 0.53[In(-inS)] = 2.201 when D was determined by either the S1 nucicase or membrane method. When the
presence of nonultrametric sequences and differences betwesn taxa wers controiled. this relationship accounted for 78
% of the variability of D given S and could be used to estimate the distribution of D from S. Thus, D <0.70 wouid be
expeet to occur 50, 95 and 99 % of the time when S is 0.998, 0.992. and 0.986, respectiveiy. This relationship suggests
that many prokaryotic species are vet to be described. For instance, 167 out of 230 soil isolates from nonseiective
media possessed an S < 0.99 1o a described species and are likely to represent novel species.

Microbial communities are frequently described by preparing libraries of the 16S rRNA genes by PCR
amplification of DNA extracted directly from environmental samples. A method of analysis was developed 1o compare
sequence libraries of this type. First, the libraries were described by 2 homologous coverage curve C, = 1- (Nyn)
where N, is the number of unigue sequences in library X and n is the total number of sequences and a heterologous
coverage curve C,, = 1- Noy/n where Nyy is the number of sequences in iibrarv X not found in library Y when both C,
and C,, are dermed overa rangc of 165 rRNA sequence similarities. If both iibraries are from the same sample. the
differences betwesn the homologous and heterologous coverage curves should be small. Thus, a test for the
significance of the differences in these curves is a test for whether or not the iibraries are om different sampiss. To
verify this method, random selections from the same library were not found to be gifferent whiie libraries from
different environmental samples where shown to be different. This method of analvsis should have general utility for
comparing rDNA libraries from environmental samples.

Anaerobic dehalogenation of PCBs: influence of environmental factors on the dehalogenation routes,
JUERGEN WIEGEL. Departnent of Microbiology, University of Georgia. Athens 30602 -

Reductive dechlorination of sediment PCBs in Aroclor !260-contaminated Woods Pond (Lanox. MA)
sediment samples and in non PCB- contaminated lake sediment sampies irom Athens. GA were investigated. The
influencs of eavironmental factors such as pH \pH 5.0 10 8.5), temperatures (2 t0 36EC, and H2-concaatrations (0
and 10 %) on rransformation rates and on the dehalogenation paths wers studied.  The T-studies inciuded
experiments were T-shifts were used to simulate seasonal changes. Intersstingiy the effect of those changes differed
from those obtained with a constant tlemperature. Generaily, sediment slurries were amended with 350 :M 2,3.4.6-
tetrachlorobiphenyl (2346-CB) as a primer for dechiorination. since the dechiorination of s ediment PC3s occurred
oniy in non-autociaved sampies amendad with 2346-CB: no subswntial dechiorization of sediment PC3s was detected
at any tested temperature within a vear in autociaved control sampies or in non-amsnded sampies. .Dechlorination of
sediment PCBs occurrad mainly via loss of meze and Jara chlorines. Different Jechiorination processes. however.,
were observed at the various temperature ranges as weil as pH-ranges. Whersas 1t most iemperatures 3 high
reproducibility was observed. at :emperatures around i8 10 30EC reiativeiy high variations occurred 2mong
triplicatss or repeated experiments. We specuiate that the varianons are due 0 competition among the different PC3-
dechliorinating as weil as other non-dechiorinating microorganisms in the microbia: communities developing at these

oo
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temperatures. These above parameters were utilized io enrich ;ampies with specific aczvities and visided partly
enrichment with very narrow substrate spectra, indicating that the overail reductive denaiogenation of PCB reguires
and involves many dxrfercm dehalogenating microorganisms.

Microbial Metabolism of Greenhouse Gases and Chlorinated Aromatics _

STEPHEN W. RAGSDALE R.-\ZV«.\ SUMITRU'. ALLEN TSANG'. STELIAN PC2'. SCOTT SCHROEDER'
JIM TAKACS", BREE DEMONTIGYY, v?, JESS \dl'\ER‘ JOSEPH SCOTT", AND MADELINE \.-\:\..—.z‘
Departments of 'Biochemistry, ’Chc'msm' and *Animal Sciences. University of Nebraska. Lincoin. NE 68588-066+:

and *Department of Microbiology and Czll Sciencs. University Of Florida. Gainesville. FL 326119700

During the last two centuries. overpopulation and chemical ::c..nolog\ have burcenea ail lifs forms with
problems like global warming and the introduction of hazardous chemicals into our savirgnment. 3iotechnology orfers
the promise of combating these probiems to create a safer and cieaner Earth. At the Eantn Summit in Kyoto in 1997,
world ieaders recognized the ne=d to reduce emigsions of COz, methane. and other gresnhouse gases. This iecrure wiil
describe our efforts to undersiand the procsss of mc.hanogencs.s and :o inhibit ruminant meth og:r::sis. Successiui
achievement of this objective has the potential to mitigate giobal warming since production of this potent gresnhouse
gas (21-ioid more potent than COz2;} by canile alone accounts for 11% of worid methane surput. Elimination of
Persistent Organic Poilutants (POPs) is another important objective. Tnz United Nations aims 0 finaiize a giotai reary
to phase out and eventually eiiminate the ‘dirty dozen’ POPs. which includes several organchaiogans. such as PC3s.
Bioremediation offers a possibiiity of combating these heaith and snvironmental risks. This iscturs will describe our
efforts to understand how a class of anaerobic bacteria (the Desulfitobacieria) sense. aiter saeir samems of gene
expression, and catalyze the dehaiogenation of the organohalogen compound.

SESSION 3;: NANOCOMARTMENTS OF PROKARYOTIC CELLS

The Carboxysome: A Simple Organelle that Enhances Carbon Dioxide Fixation by RuBisCO.

JESSUP M. SHIVELY, Clemson Univ., Clemson. SC. HENRY C. ALDRICH. Univ. Fioride. Gainesville, CHRISE
BRADBURNE, Advanced Biosystems, George Mason Univ.. Manassas. VA, ANGEL M.PAREDES, Bayior Univ.,

Houston, TX STEFANIE H. BAKER. Erskine College. Due West. SC. and GORDON C. CANNON. Univ. Southern
Mississippi. Hattiesburg. :

The carboxysomes of Halothiobacillus neapolitanus are composed of at jeast six peptides in additionto the . - . : .
large (CbbL) and small (CbbS) subunit peptides of ribujose bisphosphate carboxylase/oxvgenase (RuBisCO). These-
six peptides, labeled CsoS appear to be structural shell components. CsoS1A, B, and C, the major shell peptides, are
encoded by a thres-gene repear. ‘A single gene encodes CsoS2A and B. glvcosylated peptides differing in the degree of
glycosylation. Cso0S3 is present in minor amounts. The genes encoding all of these peptides along with those for
CbbL/CbbS as well as ORF A and B, an uncharacterized gene repeat, constitute 2 carboxysome operon. The cso
operon of either Aeidithiobacillus ferrooxidans or Thiomonas intermedia is nearly identicai to that of 4. neapolitanus.
In Thiobacillus denitrificans, cbbL/cbbS is not iocated in a putative cso operon. The CsoS! peptides of the four
thiobacilli are nearly totally conserved and ORF A and B exhibit a great deal of conservation. CsoS3 shows 38-19%
identity and CsoS2 only 23-39%. However, close examination of the CsoS2 sequences .-:veals some unusual
conservation. For example, the amino acid sequence [V, L. or [, (M)] - [S or T} - [G] aligns 21 times. The function of
this repeat has not been slucidated.

The structure of carboxysomes has be-n reported 1o be either icosahedral or dodscahedral. Qur slecon
cryomicroscopy studies commdxc: both of these conclusxons and suggest that :hc carboxysomes of H. neapolitcnus are

“ D6 polyhedra.

The carooxysomc operon of H. neapoiitenus has been expressed in Sscherichia coii. The oepndc profile is

“nearly identical with that of punﬂed carboxysomes. - Electron microscopy reveais that carboxysomes ars present in

some cells.  Experiments to optimize carboxysome 2ssembly are in progress.

The carpoxysome pcandes (Csm) of cyanobacteria ars proposes to be part of a carbon concsatrating
mechanism. CcmK and L exhibit a great deai of homology to the CsoS1 and ORF A ané 3 pc:maes of :he thiobaciili.
respectively. Recently, polyhedral bodies. enterosomes. have deen demonstrated in several enteric bacteria. The
enterosomes of Salmonella enterica ars products of the :hanolammc and sropanedioi operons. Severai of the peptides
encoded by these operons show significant homology o either the Cs0S1:CzmK or ORF A-B/CamL zroups pr..s:m-s
above. How the polyhedra mest the metabolic nesds of the oréamsms is under intense mvestigation.

: Nanocompénments of B12-Dependent Catabolic Processes of Salmonella

THOMAS A. BOBIK. University of Fiorida. Gainesville, FL 3251,

Saimonella entericz degrades sthanolamine anc !.2-propanedioi as carsor and snergy sources in a coenzyme
B12-dependent fashion. The genes required for these process are found in tne ehanciaming utilization (exr) operon and
at propanedioi utilization (pdu) locus. respectively. 3oth sets of genes inciude muit:2ie homoiogues of zenes invoives
in the formation of nanocomparuments Knowr as carboxysomes. Zlscwron microscooy snewsd that S. 2nrericz forms
polvhedral bodiss about 150 nm in cross-section when grown on either ethanoiamine or zropanzdiol. but not when
grown on other carbon sources. Immuno-2iectron microscopy showed that coenzyms: 3 Z-dependent diol denvaratase




is associated with the poivnedrai bodies formed by 3. entericz during growth on !.2-propanzsici. Zach of the ~du genes
that encodes a homoiogue of a gene reported 0 be invoived in carboxysome formation was deietea by iinear
transformation with PCR oroducts. With respect to polvhedral body formation, these murants feil into three classes: 1)
polyhedral body formation was abolishec: Z.: poivhedral bocies wers abnormally shaped: 3.; apparently normai
poiviearai bodies were formed. However, 2ven in mutants sirans whers poiynedrai tocies :ormaz.on was apciished
growth on 1.2-propanedioi -vas essentially wiid type. 'We propose that the poivnedrai Sodies formed by Saimereiia
during growth on 1.2-propanedioi congist of 2 protein sheil that sncases coenzyme 312-3spendent diol dehveratase and
perhaps other enzymes. However, the function these nanocompartments remains unknown

Bacterial Protein Disassembly Lines: ATP-Dependent Proteases.
JOHN FLANAGAN. Brookhaven National Laboratories. Upton. NY.

Cells must be abie 1o sense. and rapidly adapt 0 a wide range of snvironmental stresses. In many cases.
survival requires the large scale remodeiing of the cellular machinery that is sssentiai Jor life. The prote:n content or 2
cell is reguiated both wranscriptionally/translationally o conmol the synthesis of aew pow: stides and iSO poOsi-
translationally. through conuolled degradation (protein tumover) of damaged or unnesded proteins. The mechanisms
by which this lanter process occurs are oniy now Deing siucidated. ,

In cells. the majority of celluiar protein lumover reguires snergy. a constrain: that sontributes in 2 largs par
to the tight regulation of this process since uncontrolled proteolysxs would have catastr ophic consequencss Zor ceils.
The majoriry of non-lysosomal intracsiluiar proteoiysis is sarried our by a faw, largs. oligomeric, snergy-reguiring,
proteases that share a barrel-like architecture and. by extension. a common mechanism. One key fearure. unique 1o whis
class of protease, is that substrate degradation occurs processively, which means that the proteins being dezraded arz
hydrolyzed to short peptides in a single cycie of degradation. These short peptides are recvcied to amino acids by
various peptidases, which do not require any energy input. This fearurs ensuring that appropriatelv targeted proteins are
complctely removed from the cell. In general. these ATP-dependent proteases are two component systems in which
substrates are recognized and unfoided an ATPase assembly and actively transiocated into their ceamal proteoivtic unit
for degradation. A particular advantage of this system is that the ATPase and proteolvtic activities can be uncoupled,
studied independently and then reconstituted. In my laboratory, we have soived the crystal structures of the proteolviic
components of Cip and HsIUV, two bacterial ATP dependent protease machines and characzerizad their interactions
with their ATPases. Based upon these resuits. we will present a structure-based modei for the mechanism of protein
turnover thar accounts for the tight coupling between the ATPase and proteoivtic subunits during substrate
transjocation.

Microbial diversity, survival, and stress genes in biotechnologically important ecosystems.

Everly CONWAY de MACARIO and Alberto J. L. MACARIO. Wadsworth Center, Division of Molecular Medicine.
New York State Deparmment of Health; and Department of Biomedical Sciencss, School of Public Heaith, The
University at Albany (SUNY); Albany New York, USA.

Our earlier studies of samples and isolated microbes Som methanogenic ecosystems revealed that
methanogens: 1. Constituted an immunologically coherent group of organisms distinet from other known microbes.
composed of antigenicaily related sub-groups paralleling the families identified at the time by rRNA comparisons: 2.
Were considerably more diverse than it was presumed from the available range of species in culture collections: 3.
Existed in numbers and species bevond those detectable by cultivation; and 4. Thrived in a2 wide variety of 2cologic
niches spanning our planet All these nndmgs were later confirmed by several rechniques including refinements of the
earlier rRNA comparative analyses.

It was clear from the start that methanogens had biotec hnological potential for waste bioconvcrsion and fuel
production. Total dependency on non-renewable energy sources of iimited duration and access represented a thread 0

" security and welfare. This is as true today as it was then. Likewise, waste accumulation is a menace to the environment
and public health. Therefore, we focused on the analysis of methanogens in waste-treating ecosvstems Such as
bioreactors and landfills and developed: calibrated polyclonal antibody probes of defined specificity spectra and
monoclonal probes of defined molecuiar specificities: the antigenic {ingerprinting method: the siide immunoenzymaric
assay (SIA); and a bartery of complementary tests (S1A-consteilation) for the dirsct study of pure and mixed cultres,
and sampies rom compiex ecosystems without intervening purification or cuirivation steps. These advances made
possible the identification. characterization. 2nd manipuiation of numerous microdes of reievance 1o methanogenesis.

It was aiso learned that these micropes are frequently subjected to the 2:Tacts of ceil stressors such as drusque
‘changes in temperature. pH, and contents in joxic compounds.-Since siress genes and their products, stress proteins--
some of ‘which are-molecular: chaperones--ziay a2 key roie in 2sll survnal uUﬂﬂE stress. they were :argeted for
mvestxgauon Methanogens and other archaza proved 1o be diverse 2lso in their anti-siress mechanisms, hence the work
was focused on genes with recognized anti-siress roles in bactana and .ucas a ..nd with considerabie biotechnoiogical
potential.' The goal was o manipuiate the senes and protsins 0 engineer resistant ceils that could withstand harsh
environmentai conditions and continue the meshancgenic activity unabated under stress. Targeted genes wers cioned
and sequence<. their responses to reievant siressors wers measured. ang their axprassion panerns were defined. Current
work aims at elucidating the transcription-:nitiation mechanisms of the stress genes that produce the moiecuiar
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chaperones Hsp70(DnaK:, Hspd0(Dnaj., and ‘GrpE. and izt identifving genes invoiveé :n RNA procsssing :n
methanosarcinas. '

SESSION 4: \'IETABOLIC ENGINEERING AND REGULATION

Regulation of Bacterial Metabolism and Béhavior by the RN A-binding protéin CsrA and the Non-coding RNA,
CsrB.
TONY ROMEOQ. University of fNorth Texas Heaith Center. Zept Microbiol. & Immunoi., Ft. Worth, TX.

Bacteria are among the simples: living organisms. sut they possess highly sophisticated mechanisms Jor
flourishing in varied environments. Bacteria tum specific enes on or off 20 maximize zrowth potential. survive under
unfavorable conditions. zompete with other microbes. and interact with human, piant, and animal hosts. Our research
over the past several vears has uncovered one of the "giobai reguiatory systems” used by bacteria to rcoulatc aumerous
genes and thereby control metabolism and oe'm\uar on a broad scaie. A small RNA-binding protein. CsrA (for carton
storage regularor), and an RNA moiecule (CsrB) that functions 2s an antagonist of CstA, post-transcriptionaily reguiate
genes involved in:

. Carbon/energy metapoiism
o Flage!lum synthesis and motility, .
. Anachment 1o solid surfaces to form biofiims. and
° Dispersal of such diofiims.

Such processes are involved in bacterial coionization and infection. Studies on Csr offer the potential for medicai and
biotechnology applications, including the optimization of the production of commercially usefui meraboiites.

Engineering Whole Microbial Cells for Chiral Organic Synthesis
JON D. STEWART, Deparmment of Chemistry, University of Florida

Ketone oxidations and reductions are very valuabie transformations in organic synthesis. Enzymatic cawlysis
of these reactions offers both high efficiencies and stereoselectivities coupled with low environmental impacts. To
simplify these reactions on both bench and large scaies. we have created a set of enginesred microbial strains that can
be directly used as chemicai reagents. The cells. either recombinant Saccharomyces cerevisiae or Escherichia
coli supply the enzyme and NADPH cofactor. which eliminates the need for protein isolation and cofactor
regeneration. Several examples of these sngineered microbiai swains will be discussed along with seiected
applications.

Microbial Strategies for the Depolymerization of Glucuronoxylan.
JAMES F. PRESTON, University of Florida, Gainesville. FL

The hemicellulose fraction constitutes as much. as 20% of the lignocelluiosic biomass of crop residues and
hardwoods, and is second only to cellulose as a resource for conversion to alternative fuels and biobased products. The
predominant carbohydrate polymer in this fraction is 4-O-methyigincuronoxylan (MeGAXn) in which 4-O-methyl-D-
glucuronopyranosyl (MeGA) residues are linked a-1.2- to 5 to0 15% of the xylose residues comprising a linear 8-1,4-
xylan backbone. The enzymatic depolymerization of this polymer will improve upon pretreatment protocols for
processing hemicellulose to xylose, and attention has been directed to microbial endoxylanases. B-xylosidases and a-
glucuronidases for the complete fermentation of MeGAXn. The sndoxylanases of several bacteria and fungi have been
assigned to glycohydrolase (GH) families, GHS, GH10 and GH11, each with unique sequences. structural motifs, and
mechanisms of depolymerization. The GH!1 wylanass have masses of ~ 25 kDg, a B-jelly roll structure, and generate
an aldopentauronic acid as limit product, with an unsubstituted xylose residue at the nonreducing terminus. The G10
Xylanases have masses of ~45 kDa, an alpha-beta barrel structure, and generate aldotetrauronic acid in which the
MeGA is linked 10 X at the nonreducing terminus. The GS xvianases have masses ot‘ ~40 kDa, with an unsolved
structure, and in the case of a single exampie, i.e. XYNa from Zrwinia chrysanthem:. generate oligosaccharides
containing 2 MeGaA and 4 1o 15 X residues. The aldotetrauronic acid product generated by GH10 enzvmes can be taien
up and cleaved by a-glucuronidase to reicase MeGA and xviotriose. The further depoivmerization of xylotriose
requires. intracelluiar exoxylanase and /or 3-xyiosidase for conversion t0 fermentable substrate. The iarger products
generated by the G5 and G11 xyianases may require secretion of f-xviosidase and or other xylanases to form produc.s
that can be 2ssimilated. Substrate specificities and enzyvme stabilities may offer advantages 1o a host and diciate spec:iic
applications for members of each fa:ml\ At present. the GH10 xyianases offer promise as secrated enzymes. which
along with intracsilular a-glucuronidase and 53-xvlosidase. may be used to d'sxzn thanologenic biocatalysts abie 0
convert hemics!luiose poivmers 0 usefui arocuczs : )

SESSION 3: BlOl\FORWlATICS AND GLOBAL GE\E REGULATION
E. coli Gene -\rrnvs - -\nnlvsns of Gene Reoulauon.

HAN TAO. R. GONZALEZ. L. O. INGRAM AND X. T. SHANMUGAM. Deparmment of Microbioiogy and Cail
Sciencs. University of Florida. Gainesviile, 1 32611
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Growth rate and cell vieid of Sscherichia coii depend on the zrowth mecivm and especiaily the sourze 57
carbon and nitrogea. In this present study, we uscd an cthanologemc E. coli, strain KO11. which grows in rich medium
with glucose at a specific growth rate of 0.30.h™! and with xyiose at a specific growth rate or 0.19.n"" under our
fermentation conditions. The pathways for miese TWo sugars are guite distinct with 2 major 2 r::re nce in AT? vied
{0.67 for xylose vs 2.0 for giucosey. Since she difference in specific growth rate is & retlection of various me _3'00;5»
processes in the ceil. mMRNA expression profiies of strain KO1 1 with the different zrowih rates wvers obtained using =
coii DNA arrays. In order o determing the genes and pathways that dre differentiaily 2xoressed in swain x\Ol P Zrowsn
in the two media, iotai RNA -v&s isolated and eDNA corresponding to the 4,290 known ORFs were svnthesized. The
¢DNA ‘was hybridized to an £. coii gene array and the level of expression of ¢ach of these CRF's was determined.

.Results of these experiments will be presented and discussed.

Insights into the Metaboiism of Hydrogen and Sulfur by the hyperthermophile Pvrococcus furiosus
MICHAEL W. W. ADAMS. Department of Bloc‘xcmxstn & Molecular Biciegy. University of Georgia. Athens.
Georgia 30602, USA

Many species of hyperthermophilic ..rc‘xaea are sulfur-depcndcnt organisms that reduce elemental suifur (S°
to hydrogen sulfide. The autotrophic S°-reducers use hydrogen as the eiecron Jonor and appear to aave a respirator
chain with S° as the terminal elecron acceptor. . The heterotrophic S°-reducers utiiize proteinaceous materiais and iz
some cases polysaccharides as sourcss of reductant for S° reduction. Most of them are obiigately dependent upon S°
reduction for growth, although a few, such as Pvrococcus furiosus. are able 1o grow weil in the absence of S° and
produce hvdrogen as a means of disposing of the excess reductant that is zenerated during cataboiism. The
mechanisms by which these organisms reduce S° and evolve hydrogen, and whether these processes iead dirsctly o
energy conservation, however, are not clear. - For example. 2. furiosus contains thres different hydrogenases, ail af
which have been purified and characterized. Two of them are cvtoplasmxc and are thought to svolve hydrogen during
growth utilizing NADPH as the electron donor. NADP is reduced by ferredoxin:NADP oxidoreductase. This snzyme
utilizes the reduced ferredoxin generated by the variety of oxidoreductases that ars invoived in the catabolism of both
peptides and glucose. The third hydrogenase in 2. furiosus. on the other hand. is membrane-bound and appears to >s
part of a proton-translocating respiratory compiex. This enzyme does not udlize NAD(P)H or ferredoxin and its
physiological electron donor is not known. The two cytoplasmic hydrogenases aiso catalyze the NADPH- and
hydrogen-dependent reduction of S° to hydrogen sulfide in vizo, but the membranc-bound enzyme does not cataiyze
these reactions. Insight into the roles of the three hydrogenases and of associated oxidoreductases involved in S°®
reduction and hydrogen production is being obtained by detailed growth studies coupied with genomic-based anaiyses.

The sequence of the genome (1.9 Mb) of 2. firdosus is complete and is curreatly being annotated (hup:/combs-

156.umbi.umd. eduw/genemate’).  Proteomic analyses and DNA-microarrays ars being utilized 10 investigate the
functions of some of the more than 2,000 proteins that the genome appears to encode. The resuits so far indicate thaz a
variety of enzymes are strongly regulated by the presence (or absence) of S°, peptides and/or sugar (maitose). These
data, in combination with recent biochemical analyses, are providing a clearer picrure of how P. furiosus evolves
hydrogen from growth substrates, although the mechanism by which S° is reduce is still not understood.



