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A b s t r a c t  

Over t he  p a s t  11 months we have con t inued  t o  i n v e s t i g a t e  i o n  t r a n s p o r t  

mechanisms i n  co rn  r o o t s  and m i t ochond r i a .  Wi th  m i t ochond r i a  we f i n d  t h e  

+ + 
H  / K  a n t i p o r t e r  i s  a c t i v e  i n  pass i ve  i n f l u x  of KC1, and t h a t  t h e  C1- g r a d i e n t  

d r i v e s  t h e  swe l l  i n g .  C i  t r a t e  uptake by co rn  m i t ochond r i a  r e q u i r e s  phosphate 

o r  s u l f a t e  as an a c t i v a t i n g  c o f a c t o r ,  b u t  ma la te  does n o t  appear t o  be 

requ i r ed .  I n  t h e  r o o t  i n v e s t i g a t i o n s ,  we f i n d  f u s i c o c c i n  t o  r e l i e v e  t h e  

b l ock  i n  H+ e f f l u x  pumping caused by p r o t e i n  syn thes i s  i n h i b i t o r s .  Fus i cocc i n  

a l s o  r e p o l a r i z e s  t h e  c e l l s .  I n h i b i t i o n  o f  H' e f f l u x  by  t h e  H+ channel i n h i b i t o r s ,  

01 igomycin  and DCCD, can a l s o  be re1  i eved  o r  bypassed b y  f u s i c o c c i n .  N i g e r i c i n ,  

+ + + 
a  H  / K  exchanging a n t i b i o t i c  w i l l  g i v e  p a r t i a l  r e l e a s e  o f  t h e  H  e f f l u x  b l o c k  

caused by p r o t e i n  syn thes i s  i n h i b i t o r s ,  r e p o l a r i z i n g  t h e  c e l l s ,  b u t  i n  no 

o t h e r  r espec t  does i t  resemble f u s i c o c c i n .  I t  w i l l  n o t  r e s t o r e  t h e  K+ i n f l u x  

o r  g rowth  i n h i b i t i o n s  r e s u l t i n g  f r om  t r ea tmen t  w i t h  p r o t e i n  syn thes i s  i n h i b i t o r s .  



RESULTS 

Due t o  t h e  l a t e  r e f u n d i n g  of  t h i s  p r o j e c t  we were de layed 5 months i n  

some o f  t h e  work, e s p e c i a l l y  w i t h  m i  t o c h o n d r i a l  t r a n s p o r t .  However, w i t h  

s t uden t  h e l p  some,progress was made, s e l e c t i n g  some o f  t h e  s i m p l e r  problems. 

None of these i n v e s t i g a t i o n s  has been completed y e t ,  b u t  shou ld  be by  

September o r  October. 

1.  C i  t r a t e  t r a n s p o r t  -- i n  corn  m i t ochond r i a .  

We conf i rmed ou r  p rev ious  f i n d i n g  t h a t  c i t r a t e  uptake i s  much g r e a t e r  

a t  pH 6.0 than  a t  pH 7.5, and t h a t  phosphate o r  s u l f a t e  a r e  needed t o  

a c t i v a t e  ex tens i ve  uptake ( 1 ) .  Phosphate o r  s u l f a t e  do promote c i t r a t e  up- 

t ake  a t  pH 7.5, a p o i n t  t h a t  had been i n  ques t i on .  A d d i t i o n  o f  ma la te  a t .  

e i t h e r  pH s l  i g h t l y  s t i m u l a t e d  c i t r a t e  swe l l  i ng ,  p rov i ded  phosphate o r  

s u l f a t e  were p resen t ,  hav ing  g r e a t e r  e f f e c t  a t  pH 7.5. However, t h e  s l i g h t  

s t i m u l a t i o n  o f  uptake m igh t  be a t t r i b u t e d  t o  t h e  50% i nc rease  i n  r e s p i r a t i o n  

r a t e  upon a d d i t i o n  o f  ma la te .  Present  ev idence i s  inadequate t o  demonstrate 

t h a t  ma1 a t e / c i  t r a t e  exchange. i s  a f a c t o r  o f  consequence i n  c i  t r a t e  uptake,  

and e s p e c i a l l y  so a t  l ow  pH. 
. . 

M ~ + +  promotes t h e  phosphate o r  s u l f a t e  a c t i v a t e d  c i t r a t e  uptake, 

e s p e c i a l l y  aL  luw pH, b u t  w i t h o u t  s i g n i f i c a n t  change i n  r e s p i r a t i o n .  ' Subse- 

++ 
quent  a d d i t i o n  o f  ma la te  inc reases  t h e  r e s p i r a t i o n  more i f  Mg i s  p resen t .  

Since M~'' promotes phosphate and s u l f a t e  uptake ( 2 )  t h e  p romot i ve  a c t i o n  

+ 
on c i t r a t e  ;ptake m igh t  be i n d i r e c t .  Th i s  proves t o  be t r u e ,  f o r  Mg does 

n o t  promote c i t r a t e  uptake i n  t h e  absence o f  phosphate o r  s u l f a t e .  

Our p resen t  work, then,  i n d i c a t e s  t h a t  c i t r a t e  up take  I s  c r i t i c a l l y  

++ 
dependent on phosphate o r  s u l f a t e ,  i s  promoted by Mg i f  t h e  an ions a r e  

p resen t ,  and i s  p robab ly  proton-compknsated (hence, promoted by  l ow  pH). 



I n  a l l  r espec t s  except  t h e  proton-compensat ion t h e  n e t  .uptake o f  c i t r a t e  

resemble t h e  n e t  uptake o f  ADPy and we have a l r e a d y  r e p o r t e d  t h a t  c i t r a t e  

c o m p e t i t i v e l y  i n h i b i t s  ADP uptake ( 3 ) .  To f i n i s h  t h e  work o f f  we must 

determine t h e  r o l e  o f  phosphate o r  s u l f a t e  i n  a c t i v a t i n g  c i t r a t e  uptake. 

As. desc r ibed  i n  l a s t  y e a r ' s  comprehensive r e p o r t ,  we know t h a t  t h e  r e q u i r e -  

ment i s  f o r  exogenous phosphate o r  s u l f a t e .  

+ + 
2. --- H  /K exchanqe. transport i n  cn rn  mitorhcrnclr ia.  

+ + 
I t  i s  now w i d e l y  accepted t h a t  p l a n t  m i t ochond r i a  have a  H  / K  exchanging 

mechanism o r  a n t i p o r t  i n  t h e i r  i n n e r  membrane (4,5,6,7,8) presumably a  t r a n s -  

p o r t  enzyme a l t hough  f i r m  ev idence on t h i s  p o i n t  i s  l a c k i n g .  We have proposed 

t h a t  t h e  a c t i v e  sh r inkage  o f  co rn  m i t ochond r i a  when t h e  P i  t r a n s p o r t e r  i s  

+ + 
b locked  w i t h  me rsa l y l  i s  due t o  a c t i v a t i o n  o f  t h e  H  /K a n t i p o r t e r  ( 4 ) ,  

+ 
p a r t i c u l a r l y  when va l inomyc in  i s  added t o  lower  t h e  r e s i s t a n c e  o f  K  e f f l u x  

+ 
on t h e  enzyme. Th is  concept o f  a  h i g h  degree o f  r e s i s t a n c e  i n  K  p e n e t r a t i o n  

t o  t h e  enzyme was a l s o  c a l l e d  upon t o  e x p l a i n  t h e  a c t i v e  sh r inkage  upon 

a d d i t i o n  6 f  v a l  inomycin  t o  co rn  m i t ochond r i a  which had accumulated K2S04 ( 9 ) .  

L i kew ise ,  t h e  a c t i v e  c o n t r a c t i o n  o r  sh r inkage  o f  m i t ochond r i a  which have 

p a s s i v e l y  absorbed KC1 i s  a t t r i b u t e d  t o  e f f l u x  pumpong o f  s a l t  i n  which t h e  

H+/K.' a n t i  p o r t e r  p a r t i c i p a t e s  ( 7 ) .  a he a n t i  p o r t e r  m i g h t  b e s t  be desc r i bed  

+ 
as a  ~ + / c ' a t i o n  exchange t r a n s p o r t e r  which i n  p l a n t  m i t ochond r i a  opera tes  

more e f f e c t i v e l y  w i t h  K+ than ~ a + .  The oppos i t e  i s  t r u e  f o r  animal m i t o -  

chondr ia  ( 10 ) .  

+ + 
There i s  some ev idence t h a t  t h e  H /K exchange i s  s u b j e c t  t o  c o n t r o l .  

Pomeroy ( 1  1  ) found t h a t  m i t ochond r i a  f r om  c o l  d-hardened wheat l o s e  t h e  

a b i l i t y  t o  d r i v e  KC1 e f f l u x ,  a l t hough  t h e y  would s t i l l  swe l l  i n  KC1. Th is  

+ + 
s i g n i f i e s  l o s s  o f  H  /K a n t i p o r t e r  a c t i v i t y .  Huber and Moreland ( 6 )  attributed 



t he  rapid KC1 swell ing of mung bean mitochondria t r e a t e d  with t r ip ropy l  t i n ,  

+ + 
which c a r r i e s  out  C1-/OH- exchange, t o  p a r t i c i p a t i o n  of t h e  H / K  a n t i p o r t e r .  

They a l s o  suggest t h a t  the a n t i p o r t e r  can be ac t iva ted  by r e s p i r a t i o n .  J u n g  
+ + 

and Br ier ley  (8)  r e p o r t ,  however, t h a t  the  H / K  a n t i p o r t e r  of potato mito- 

+ + 
chondria only p a r t i c i p a t e s  in  s a l t  e f f l u x  ( i e :  H i n ,  K o u t ) .  

This l a s t  r epor t  t roubles  us f o r  we reported some years  ago t h a t  

uncouplers would accele ' rate  passive swelling of corn mitochondria suspended 

in 100 mM KC1 (12 ) .  Reinvest igat ion shows the  r e s u l t s  given in  Figure 1.. 

Analysis shows these  corn mitochondria t o  contain about 140 mM K+ and 1 3  mM 

C1 -, which .means t h a t  when they a r e '  suspended in  100 mM KC1 the re  i s  1  i  t t l  e  
+ 

or  no gradient  in  K a c t i v i t y ,  but a  l a rge  gradient  in  ~ 1 -  a c t i v i t y .  Addition 

of val i  nomyci n (Val ) produces very rapid  KC1 pene t ra t ion ,  demonstrating t h a t  

C 1 -  permeabil i  t y  i s  high,  producing a  negat ive membrane po ten t i a l  down which 

+ 
K f luxes  when re s i s t ance  i s  lowered by valinomycin. However, add i t ion  of 

+ 
the  uncoupler FCCP, which e f f e c t i v e l y  lowers r e s i s t a n c e  t o  H pene t ra t ion ,  

a l s o  prodfices addi t ional  rapjd swell ing . In simp1 e  chemiosmotic terms t h i s  
-I- + 

can only be explained by the  operat ion of an H / K  a n t i p o r t ,  which i n  t h i s  

+ 
case i s  e f f e c t i v e  in  dr iv ing  K i n f lux  (se.e diagram, Fig. 1  ) .  A check on . 

t he  r e l a l i v e  e f f l c l ency  of the  na t ive  a n t i p o r t e r  can be made by adding 

+ + 
n i g e r i c i n ,  which is  an H / K  exchanging ionophore. Sa tura t ing  t h e  H + / K +  

exchange capaci ty  of the  membrane increases  the  r a t e  of response t o  FCCP, 

but the  data show t h a t  the  endogenous a n t i p o r t e r  can opera te  a t  about ha l f  

the maximum r a t e .  Thus we have shown t h a t   the^+/^+ a n t i p o r t e r  of  corn 

mitochondria can funct ion  ,in in f lux  (Fig .  1 )  o r  e f f l u x  (4): 

I t  has f r equen t ly  been shown t h a t . a n  added impermeable s o l u t e  such a s  

sucrose o r  mannitol w i l l  decrease the  r a t e  of passive s a l t  i n f lux  (F ig .  1 ) .  



0 u r . e x p l a n a t i o n  o f  t h i s  i s  t h a t  osmot i c  s h r i n k a g e  o f  t h e  m a t r i x  l o w e r s  t h e  

C1- g r a d i e n t ,  and thus  t h e  d r i v i n g  f o r c e  f o r  s w e l l  i n g .  

We have a l s o  s t u d i e d  t h e  e f f e c t  o f  pH on s w e l l i n g .  I n  agreement w i t h  

e a r l i e r  work ( 1 3 ) ,  s w e l l i n g  r a t e s  a r e  m in ima l  a t  a b o u t  pH 6.5 and r i s e  

s h a r p l y  above pH 7.5. A z z i  and Azzone (14)  a t t r i b u t e  t h i s  t o  i n c r e a s i n g  

C1- p e r m e a b i l i t y  w i t h  i n c r e a s i n g  pH i n  1  i v e r  m i t o c h o n d r i a ;  t h e y  f o u n d  C1- 

+ 
exchange t o  i n c r e a s e  w i t h  pH b u t  n o t  K  exchange, Very  l i k e l y  a n i o n  

permeabi 1  i t y  i n  genera l  i n c r e a s e s  w i t h  pH. 

I t  i s  p o s s i b l e  t h a t  t h e  h i g h  S t a t e  4  r e s p i r a t i o n  r a t e s  t y p i c a l  o f  p l a n t  

m i t o c h o n d r i a  (compared t o  an imal  m i t o c h o n d r i a )  m i g h t  a r i s e  f r o m  t h e  s a l t  

+ 
p e r m e a b i l i t y  o f  t h e  membrane. That  i s ,  r e c y c l i n g  o f  K  and/or  Pi consumes 

t h e  p r o t o n  g r a d i e n t ,  a l l o w i n g  f o r  a  h i g h  r e s p i r a t i o n  r a t e .  As a  check on 

t h i s  we s t u d i e d  S t a t e  4 r e s p i r a t i o n  r a t e s  as a f u n c t i o n  o f  pH, u s i n g  NADH 

as s u b s t r a t e  t o  a v o i d  t h e  prob lem o f  o r g a n i c  a c i d  t r a n s p o r t ,  wh ich can 

become l i m i t i n g  t o  r e s p i r a t i o n  ( 1 5 ) .  There i s  a  sharp  i n c r e a s e  i n  S t a t e  3  

and S ta te '4  r e s p i r a t i o n  between pH 6  and pH 8.  ( S t a t e  3  f r o m  165 t o  275 

pmoles 02/hr/mg p r o t e i n ,  and S t a t e  4 f r o m  70 t o  148 pmoles 02/hr/mg p r o t e i n ) .  

+ + 
Summarizing, t h e r e  i s  a  v e r y  a c t i v e  H / K  a n t i p o r t  i n  c o r n  m i t o c h o n d r i a  

which m a n i f e s t s  i Lsel  f i n  sev'era'l ways, i n c l u d i n g  b o t h  i n f l u x  and e f f l u x  

pumping o f  s a l t ,  and i n  t h e  h i g h  a c c e p t o r l e s s  and S t a t e  4  r e s p i r a t i o n .  We 

be1 i e v e  t h i s  a n t i  p o r t  a1 so p a r t i c i p a t e s  i n  t r a n s c e l l  u l a r  t r a n s p o r t  t o  t h e  

+ + 
r o o t  xy lem ( 1 6 ) ,  and i t  appears t h a t  as an H  /Na exchanging enzyme i t  may 

+ 
a c t  i n  e x c l u d i n g  Na f r o m  p l a n t  c e l l s  (17,18). 

We have some p r e l i m i n a r y  ev idence  which suggests  t h a t  d i v a l e n t  c a t i o n s ,  

+ + 
p a r t i c u l a r l y  ~ a + + ,  may se rve  t o  a c t i v a t e  t h e  H /K a n t i p o r t  d u r i n g  a c t i v e  

s a l t  e f f l u x .  We p l a n  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y .  We suspec t  t h e  



+ + 
a c t i v a t i o n  o f  H  /K exchange due t o  r e s p i r a t i o n  ( 6 )  may be a  consequence 

+ 
o f  i n c r e a s i n g  Ap, and thus t h e  e l ec t r ochem ica l  g r a d i e n t  d r i v i n g  H i n f l u x .  

- + 
3. Regu la t ion  -- o f  H  e f f l u x  - pumping i n  co rn  r o o t s .  

I n  l a s t  y e a r ' s  comprehensive r e p o r t  we descr ibed  t h e  e f f e c t s  o f  va r i ous  

+ + 
types o f  i n j u r y  on t h e  H e f f l u x ,  K i n f l u x  and c e l l  p o t e n t i a l  o f  c o r n  r o o t s .  

I n  l e s s  than  one minu te  t h e r e  i s  a  r a p i d  c o l l a p s e  o f  up t o  50% i n  these 

processes, f o l l o w e d  by a  s lower  recovery  (1 -2  hours )  d u r i n g  washing. H+ 

+ 
e f f l u x  recovers  ve r y  r a p i d l y  compared t o  K i n f l u x .  We be1 i e v e  t h a t  i n j u r y  

+ + 
s i g n a l s  a  p a r t i a l  c o l l a p s e  o f  t h e  H /K exchanging ATPase, and washing r e s t o r e s  

f u l l  a c t i v i t y  i n  a  process which resembles t h a t  induced by f u s i c o c c i n .  These 

r e s u l t s  a r e  now pub l i shed  (19) .  

More r e c e n t  work has been t o  i n v e s t i g a t e  i n  ano ther  f a s h i o n  t h e  energy- 

1  inked  H+ e f f l u x  fro111 wdshed corn  r o o t  t i s s u e .  I t  has been r e p c a t e d l y  

demonstrated i n  a  wide v a r i e t y  o f  p l a n t  t i s s u e s  t h a t  i n h i b i t o r s  of p r o t e i n  

syn thes is ,  such as cyc lohex imide,  w i l l  a l s o  i n h i b i t  energy-1 i nked  i o n  

absorp t ioo ,  a1 though no s p e c i f i c  p r o t e i n ( s )  has been i d e n t i f i e d  as r espons ib l e .  

A r e l a t e d  phenomenon 1  i e s  w i t h  t h e  i n h i b i t l b n  o f  'aux in- induced g rowth  b y  ' . 

p r o t e i n  syn thes i s  i n h i b i t o r s ,  and i t  has r e c e n t l y  been shown t h a t  t h i s  

+ 
i n h i b i t i o n  i s  accompanied by i n h i b i t i o n  o f  H e ~ ~ ~ f l u x ' , ( 2 0 , 2 1 ) .  t u s i c o c c i n -  

+ 
induced growth shows much l e s s  i n h i b i t i o n  o f  H e f f l u x .  We though t  i t  

wo r thwh i l e  t o  i n v e s t i g a t e  t h e  s i t u a t i o n  w i t h  c o r n  r o o t s ,  f o r  i t  would be 

. u s e f u l  t o  know i f  t h e  plasmalemma ATPase were i n h i b i t e d  by  p r o t e i n  syn thes i s  

i n h i b i t o r s .  

Our r e s u l t s  show t h a t  f o u r  d i f f e r e n t  p r o t e i n  s y n t h e s i s . i n h i b i t o r s  w i l l  

comp le te ly  b l o c k  H+ e f f l u x  f r om  washed c o r n  r o o t  t i s s u e  w i t h i n  8 t o  20 minutes 

( F i g .  2 ) .  However, a d d i t i o n  o f  /O VM FC w i l l  g i v e  80-90% r e l e a s e  o f  t h e  



i n h i b i t i o n .  Several  d i f f e r e n t  ionophores and uncoupl e r s  ( "protonophores")  

were a l s o  t es ted ,  and one o f  these, n i g e r i c i n ,  a l s o  gave p a r t i a l  r e l e a s e  

+ + 
o f  t h e  b l o c k  i n  Hf e f f l u x  ( F i g .  2 ) .  N i g e r i c i n ,  which w i l l  c a r r y  o u t  H  /K 

exchange across membranes, was l e s s  e f f e c t i v e  than  FC, r e s t o r i n g  about  50% 

o f  t h e  o r i g i n a l  H+ e f f l u x .  

We checked t h e  e f f e c t  o f  p r o t e i n  syn thes i s  i n h i b i t i o n  on c e l l  p o t e n t i a l s .  

I n  p a r a l l e l  w i t h  t h e  r a p i d  d e c l i n e  i n  HC e f f l u x  t h e r e  i s  a  d e c l i n e  i n  $$ of 

about  15 mvol t s ,  and a d d i t i o n  of FC o r  n i g e r i c i n  r e s t o r e d  t h e  p o t e n t i d l  . 
+ 

As expected, p r o t e i n  syn thes i s  i n h i b i t i o n  a l s o  b locked  K  i n f l u x  ( f r o m  

4.77 umoles K ' / ~  fr w t - h r  t o  0.91 w i t h  MDMP i n h i b i t i o n ) .  Fus i cocc i n  was n o t  

so e f f e c t i v e  i n  r e s t o r i n g  K+ i n f l u x  as i t  was w i t h  H+ e f f l u x  ( f r o m  0.91 t o  

2.02 umoles K + / ~  fr w t - h r  w i t h  10 pM FC). However, n i g e r i c i n  d i d  

r e s t o r e  K+ i n f l u x ,  and was i n h i b i t o r y  t o  K+ i l l f l u x  i n  c o n t r o l  t i s s u e .  

S i m i l a r l y ,  growth o f  co rn  r o o t  t i p s  was s t r o n g l y  i n h i b i t e d  by  MDMP ( f r o m  2.0 

t o  0.2 mm/3hr) and FC gave p a r t i a l  r e s t o r a t i o n  ( f r o m  0.2 t o  1.1 mm/3 h r )  , 

b u t  n i g e r j c i n  had an i n h i b i t o r y  e f f e c t .  Thus n i g e r i c i n  resembles FC i n  o n l y  

+ 
one respec t ;  i t  w i l l  p a r t i a l l y  r e s t o r e  H  e f f l u x  and c e l l  p o t e n t i a l .  

We a re  c o n t i n u i n g  work on t h e  mechanism o f  a c t i o n  o f  n i g e r i c i n  bu t '  have 

a t  p resen t  1  i t t l e  t o  r epo r t . '  The r e s t o r a t i o n  o f  H+ e f f l u x  does n o t  seem t o  

+ 
depend on t h e  c o n c e n t r a t i o n  o f  K  i n  t h e  medium, b u t  appears t o  be s e n s i t i v e  

t o  Hf concen t ra t i on ,  work ing  b e t t e r  a t  pH 6.0 than  5.5. We a r e  now s t a r t i n g  

work w i t h  i s o l a t e d  plasmalemma membrane ATPase t o  determine i f  p r e i n c u b a t i o n  

+ 
o f  t h e  r o o t s  i n  p r o t e i n  syn thes i s  i n h i b i t o r s  w i l l  l owe r  K  - s t i m u l a t e d  ATPase 

a c t i v i t y .  



PLANNED RESEARCH 

We w i s h . t o  f i n i s h  up t h e  work on c i t r a t e  t r a n s p o r t  i n  c o r n  m i t ochond r i a ,  , 

w i t h  p a r t i c u l a r  a t t e n t i o n  as t o  why phosphate o r  s u l f a t e  a r e  r e q u i r e d .  As 

ment ioned i n  l a s t  y e a r ' s  comprehensive r e p o r t ,  t h e r e  i s  evidence t h a t  t h e  

phosphate t r a n s p o r t e r  becomes a  d i c a r b o x y l a t e  c a r r i e r  a f t e r  i t  has bound 

Pi o r  oc ty lphospha te  ( 22 ) ,  and we wonder i f  i t  m igh t  a l s o  se rve  t o  t r a n s p o r t  
. . 

c i  t r a  t e '  o r  ADP. 

We w'ant t o  complete t h e  i n v e s t i g a t i o n  o f  C1- p e r m e a b i l i t y  o f  p l a n t  

m i tochondr ia1  membranes as r espons ib l e  f o r  pass ive  s w e l l i n g  i n  KC1. For  

t h i s  purpose we w i l l  use i n h i b i t o r s ' o f  C1- t r a n s p o r t  i n  r e d  b l o o d  c e l l  

membranes - DIDS, SITS.& p h l o r e t i n  ( 23 ) .  

++ 
The a c t i o n  o f  Mg i n  promot ing a c t i v e  phosphate and s u l f a t e  t r a n s p o r t  

a l s o  needs t o  be c l e a r e d  up. One a n c i l l a r y  problem here  i s  t h a t  ve r y  l i t t l e  

++ 
i s  known. about  c o n d i t i o n s  under which Mg i s  a c t i v e l y  t r a n s p o r t e d  i n  any 

t ype  o f  m i t ochond r i a .  I s  i t t h e  uptake o f  M ~ + +  which promotes phosphate and 

s u l f a t e  uptake? We have some p r e l i m i n a r y  da ta  on Mg a c e t a t e  uptake which 

++ 
suggests t h i s  s a l t  may be more u s e f u l  i n  de te rmin ing  parameters of Mg 

t r a n s p o r t .  

As ment ioned above, we a l s o  have p r e l i m i n a r y  da ta  which suggests t h a t  

++ + + 
Ca may a c t i v a t e  t h e  H / K  a n t i p o r t e r ,  and i f  t ime  pe rm i t s  we want t o  

i n v e s t i g a t e  t h i s .  I n  t h i s  case we wonder o f  caf+ may a c t  t o  i nc rease  Ap 

by " t i g h t e n i n g "  t h e  membranes. Techniques f o r  de te rmin ing  Ap have. been 

appl  i e d  t o  p l a n t  mi t o c h o n d r i a l  ( 24 ) .  

+ + 
Our s t u d i e s  o f  t h e  r o o t  H  / K  ATPase w i l l  con t inue .  We have s t a r t e d  a  

program o f  a t t emp t i ng  t o  g e t  p l  asmal emma p repa ra t i ons  which w i l l  respond t o  

uncouplers  and ionophores on t h e  b a s i s  t h a t  i f  t h e  membranes a r e  " t i g h t " ,  



t h e  r a t e  o f  ATP h y d r o l y s i s  w i l l  be c o n t r o l l e d .  Sze.and Fox ( 2 5 )  have 

r e p o r t e d  such p r e p a r a t i o n s  f r o m  tobacco c a l l u s ,  and L i n  ( p r i v a t e  communi- 

c a t i o n )  f r o m  c o r n  r o o t  p r o t o p l a s t s .  We have had some success w i t h  c o r n  

r o o t  p r e p a r a t i o n s  s t i m u l a t e d  by n i g e r i c i n ,  and a r e  encouraged t o  c o n t i n u e .  

We w i l l  a l s o  l o o k  t o  t h e  s u p e r n a t a n t  f o r  a  r e g u l a t o r y  p r o t e i n  which we 

+ 
s p e c u l a t e  may be t h e ' c a u s a l  f a c t o r  i n  t h e  b lockage  o f  H e f f l u x  caused b y  

p r o t e i n  s y n t h e s i s  i n h i b i t o r s .  A  new p o s t d o c t o r a l  a s s o c i a t e ,  D r .  G raz iano  

Zocchi  f r o m  t h e  M i l a n  group w i l l  j o i n  us f o r  t h i s  work.  
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