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Summary 

A procedure is described which allows for the efficient separation of  Sac- 
charomyces cerevisiae plasma membranes from other cellular membranes by  
discontinuous sucrose density gradient centrifugation. After vesiculization in an 
osmotic stabilization buffer the plasma membrane vesicles retain the ability to 
transport  amino acids. Amino acid uptake was affected by the proton gradient 
dissipator m-chlorocarbonylcyanide phenylhydrazone and was dependent ,  in 
some cases, on the presence of  sodium ion. 

Introduction 

Much effort  has been directed towards the elucidation of  amino acid trans- 
port  processes in procaryotic  and eucaryotic cells [1,2].  Considerable insight 
has been gained more recently by the study of these phenomena in plasma 
membrane vesicles [3--7],  because the effects of cellular metabolism are 
eliminated. There are no reports,  however, of  amino acid transport studies by 
plasma membrane vesicles prepared from yeast  cells, even though many studies 
have focused on amino acid transport  in yeasts [8,9].  

This communicat ion is concerned with the preparation of plasma membrane 
vesicles from Saccharomyces cerevisiae and a preliminary examination of  amino 
acid uptake by these vesicles. 

Methods 

Yeast strains and growth conditions. S. cerevisiae XS144-S19 (a-mating type) 
and S. cerevisiae XS144-$22 (a-mating type)  received from The Yeast Genetics 

Abbreviations: CCCP, carbonyl cyanide m-chlorophenylhydrazone; DCIP, 2,6-dichlorophenolindophenol. 
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Stock Culture Collection, Berkely, CA, were used throughout  this investigation. 
Both strains are auxotrophic for tyrosine, phenylalanine, leucine, t ryptophan,  
methionine, lysine, and adenine. The cells were maintained in Bacto Yeast 
Nitrogen Base without  amino acids (Difco Labs, Detroit, MI) with 2% glucose 
and the appropriate nutritional requirements added at a concentration of 
40 pg/ml. 

Chemicals and isotopes. Radioactive amino acids were purchased from 
Amersham, Arlington Heights, IL. All chemicals were reagent grade or the 
purest commercially available. 

Preparation o f  plasma membrane vesicles. Cells were grown in a 14l  
fermentor (purged with filter-sterilized compressed air) with Yeast Nitrogen 
Base, containing 2% glucose and the required nutritional supplements, to late 
log phase, collected by centrifugation and washed once with 0.9% NaC1. A cell 
yield of 50--70 g wet wt. was normally obtained by this procedure. Sphaero- 
plasts were prepared by procedures modified from Schwencke [10]. The 
washed cell pellet was resuspended in 100 ml of buffer, pH 8.9, containing 
5 mM disodium EDTA, 5 mM dithiothreitol and 100 mM Tris-HC1 and 
incubated with periodic mixing at 30°C for 15 rain. The cells were collected by 
centrifugation, washed once with 0.9% NaC1, and resuspended in 100 ml of 
0.6 M KC1. To this suspension was added 15 ml of glusulase (Endo Lab. Inc., 
Garden City, NY), and the suspension was incubated at 35°C on a rotary shaker 
at approx. 100 rev./min for 2--3 h. Sphaeroplasting was monitored by phase 
contrast microscopy. 

The sphaeroplasts were collected by centrifugation at 2400 X g. The resulting 
pellet was resuspended in 100 mM Tris-HC1, pH 8.0, containing 5 mM EDTA 
(Tris/EDTA) and immediately frozen at --70°C. Just prior to the preparation 
of membrane vesicles, the frozen sphaeroplast preparation was defrosted and 
homogenized by 2--5 complete strokes with a tight-fitting Dounce homogenizer. 
The homogenate was centrifuged at 2400 × g for 10 min to remove whole cells. 
The pellet was discarded and the supernatant was divided into two equal por- 
tions. To one portion was added 2.5 t~Ci of [3tf]concanavalin A (56 Ci/mmol) 
(Amersham, Arlington Heights, IL) and the other portion was untreated. The 
[3H]concanavalin A treated suspension was incubated at 37°C for 10 rain with 
constant agitation. Both portions were then centrifuged separately at 70 000 × 
g for 30 rain in a Beckman L5-75 ultra-centrifuge using a Beckman Model 
No. 42.1 fixed angle rotor. The pellets were washed one time with Tris/EDTA 
by centrifugation at 70'000 × g for 30 rain and the final pellets were resus- 
pended in 3 ml Tris/EDTA by dispersion with a 23 gauge needle. The suspen- 
sions were applied to discontinuous sucrose gradients composed of 4 ml each of 
60%, 50%, 45%, and 40% (w/w) sucrose and 3 ml each 35%, 30%, 25%, 20~, 
15%, and 10% (w/w) sucrose in Tris/EDTA. The gradients were centrifuged for 
18 h at 53 000 X g in a Beckman Model Number SW27 swinging bucket rotor. 
The gradients were fractionated by collection from the bot tom of the tubes in 
approx. 1.5-ml fractions and a portion of the [3H]concanavalin A membrane 
fractions were suspended in Bray's Liquid Scintillation cocktail [11] and 
counted.  The [3H]concanavalin A treated and untreated fractions were diluted 
with an equal volume of Tris/EDTA and centrifuged at 70 000 × g for 30 rain. 
The resulting pellets were resuspended in a small volume of stabilization buffer 



111 

(TM-buffer) consisting of  20 mM Tris-HC1, 10 mM MgC12, 50 mM NaC1, and 
0.6 M mannitol ,  pH 6.5. These fractions were then stored at --70°C. 

Enzymatic analysis o f  membrane fractions. Portions of  the membrane frac- 
tions suspended in TM-buffer described in the previous section were centri- 
fuged at 70 000 × g for 30 min and the resulting pellets resuspended in TM- 
buffer without  mannitol,  pH 6.5. 

Chitin synthetase was measured by methods modified from Duran et al. 
[12]. The individual membrane fractions (500 pl suspension containing 50-- 
100 pg of  protein in TM-buffer without  mannitol) were mixed with 50 pl of 
0.5 M imidazole (pH 6.5), 50 pl of trypsin (Sigma Chem. Co., St. Louis, MO) 
(2 mg/ml in 0.05 M sodium phosphate buffer, pH 7.8), and incubated for 
30 min at 37°C. An equal volume of soybean trypsin inhibitor (Sigma) (3 mg/ 
ml in 0.05 M phosphate buffer, pH 7.8) was added followed by 10 pl of 0.8 M 
N-acetyl-D-glucosamine and 30 pl of UDP-N- [ 14C ] acetyl-D-glucosamine 
(Amersham) (0.07 pCi/30 pl  from a 10 mM solution with a specific activity of 
0.23 pCi/mmol).  The suspensions were mixed and incubated at 37°C for 1 h. 
The reactions were stopped by the addition of 2--3 ml of ice-cold 66% ethanol 
and the resulting precipitate was collected by centrifugation at 2500 ×g  for 
20 min. The supernatants were discarded and the pellets washed three con- 
secutive times with 66% ethanol containing 0.1 M ammonium acetate and 
centrifuged at 2500 × g for 20 min. The final pellet was suspended in 0.5 ml of 
absolute ethanol, added to 5 ml of  Bray's solution and counted. 

Succinic dehydrogenase, used as a mitochondrial marker, was assayed as 
described by Kasahara [13]. Sodium succinate (to final concentration of 
20 mM) was added to 500 pl of  each membrane fraction suspended in TM- 
buffer without  mannitol.  After incubation for 5 min, 2,6-dichlorophenol-indo- 
phenol (DCIP) (e = 2.2 • 104/cm per mol) was added to a final volume of 3 ml. 
The reduction of  DCIP was measured by the decrease in absorbance at 600 nm 
in a Gilford (Model 250) recording spectrophotometer with a light path of  
1 cm. 

ATPase activity was measured by mixing 500 pl of the membrane fractions 
suspended in TM-buffer without  mannitol,  with 500 pl TM-buffer containing 
10 mM ATP (Sigma). The suspensions were incubated at 30°C for 30 min and 
the reactions stopped by the addition of 1 ml of 10% trichloroacetic acid. The 
precipitate was removed by centrifugation and an aliquot of the supernatant 
was assayed for Pi by the method of Chen [14]. 

Protein concentration was estimated by the BioRad Protein Assay procedure 
(BioRad Lab., Richmond,  CA) with bovine serum albumin as standard. 

Measurement o f  amino acid uptake. The purified plasma membrane prepara- 
tion, suspended in TM-buffer containing mannitol,  was diluted with fresh 
buffer to a final concentration of 20--40 pg of protein in a volume of 0.5 ml. 
This suspension was passed two times through a 21 gauge needle and incubated 
at 30°C for 5 min. The amino acid to be analyzed for uptake was added in a 
volume of  50 pl of distilled water, the suspension mixed, and 100 pl portions 
removed at various intervals. The vesicles were collected on 0.1 pm Millipore 
filters (Millipore Corp., Bedford, MA) and the filter-bound vesicles were washed 
two times with 1 ml of ice-cold TM-buffer with mannitol.  The filters were 
suspended in 5 ml of  Bray's Liquid Scintillation cocktail and counted. 
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The effect of carbonylcyanide m-chlorophenylhydrazone (CCCP) on amino 
acid uptake was measured by adding CCCP, in 95% ETOH (usually 10 pl/ 
550/A uptake mixture),  to a final concentration of 50/~M and allowing the 
vesicles to incubate for 5 min. Amino acid uptake was assayed as described 
above. No effect of the ethanol was found in control experiments and these 
data are not  shown in subsequent figures. 

Results 

Purification o f  plasma ,membrane vesicles 
Separation of the yeast plasma membranes of a-mating type cells by discon- 

t inuous sucrose density gradient centrifugation yielded three visible bands. The 
separation into three zones was not  as distinct in the absence of EDTA in the 
separation medium. No differences occurred in the separation of concanavalin 
A-labeled and unlabeled membranes (which has been shown previously) [12]. 

It has been established that  the maximum binding of concanavalin A to yeast 
plasma membranes in density gradients corresponds to the area of maximum 
chitin synthetase activity when sphaeroplasts are treated with labeled 
concanavalin A prior to membrane purification [12]. We observed no differ- 
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Fig.  1. Sucrose  g rad ien t  e e J ~ r l t u g a t i o n  of  to ta l  m e m b r a n e s  of  X S 1 4 4 - S 1 9  a and  the  d i s t r i bu t i on  
in the  g r a d i e n t  o f  t he  spec i f ic  ac t iv i t i e s  o f  Chi t in  s y n t h e t a s e ,  ATPase ,  succ in ic  d e h y d r o g e n a s e  (SDt t ) ,  a n d  
c o n c a n a v a l i n  A b ind ing .  Succ in ic  d e h y d r o g e n a s e  ac t iv i ty  is e x p r e s s e d  as tool D C I P  r e d u c e d  per  pg  of  
m e m b r a n e  p r o t e i n  (X10-8) ;  Chi t in  s y n t h e t a s e  is e x p r e s s e d  as m m o l  N - [ 1 4 C ] a c e t y l - D - g l u c o s e a m i n e  
i n c o r p o r a t e d  per /~g  of  m e m b r a n e  p r o t e i n  (X 10 -11 ); c o n c a n a v a l i n  A-b ind ing  ac t i v i t y  is e x p r e s s e d  as m m o l  

3H-co n can av a l i n  A (70 C i / m m o l )  b o u n d  per  /~g m e m b r a n e  p r o t e i n  ( X 1 0 - 1 4 ) ;  and  ATPase  ac t i v i t y  is 
e x p r e s s e d  as p m o l  of  p h o s p h a t e  r e l eased /h  pe r  pg  of  m e m b r a n e  p r o t e i n  (X10-3) .  F r a c t i o n  no.  1 corre-  
s p o n d s  to  the  b o t t o m  of  the  g rad ien t .  
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ence in the specific binding activity of  [3H]concanavalin A to the plasma mem- 
branes isolated from the sucrose gradient whether  the concanavalin A treat- 
ment  occurred before or after  the sphaeroplasts were lysed. This is exemplified 
by coinciding maximum specific chitin synthetase activity with maximum 
[3H]concanavalin A binding as shown in Fig. 1. Maximum chitin synthetase 
activity was found in fraction 5, corresponding to the area around the original 
40--45% sucrose interface. This band (fraction 5) was free of  succinic dehydro-  
genase activity suggesting no mitochondrial  membrane contaminat ion.  ATPase 
activity was also found in this fraction, but  maximum ATPase activity coin- 
cided with one of  the succinic dehydrogenase activity peaks as would be 
expected since the ATPase assay used would detect  both mitochondrial  and 
plasma membrane ATPase [15 ]. 

Electron micrographs of  membranes from fraction 5, which were prepared 
directly f rom a Tris/EDTA suspension, showed typical double-track structures 
with very little contaminating debris visible (Fig. 2A). After centrifugation at 
70 000 × g, resuspension of  the pellet in TM-buffer with mannitol,  and passage 
of  the preparat ion through a 21 gauge needle, the majori ty of  the membrane 
fragments form vesicles (Fig. 2B). The approximate diameter  of  the vesicles 
was between 0.2 and 0.5 pm. 

Similar results for  the purification of plasma membranes from the a-mating 
strain were obtained. The maximum specific [3H]concanavalin A binding 
coincided with the maximum chitin synthetase activity. Similarly no succinic 
dehydrogenase activity was associated with the band containing predominant ly  
plasma membranes.  Plasma membranes from the a-strain were, however,  con- 
siderably less dense than those from the a-strain. The a-plasma membrane 
markers were found in the equivalent of  fraction 10 shown in Fig. 1. The 
differences in the membranes derived from a- and a-mating strains are being 
examined in greater detail. 

Amino acid uptake in the plasma membrane vesicles 
Leucine and glycine (both at a final concentra t ion of  9.1 • 10 -v M) were 

taken up by a-strain plasma membrane vesicles at an initial rate of  3.5 • 10 -4 
and 1.4 • 10 -4 nmol /min per #g protein,  respectively (Fig. 3). The rates appear 
linear for  the first 2 min and then begin to level off. The addit ion of  CCCP 
(50 pM final concentrat ion)  eliminated glycine uptake activity and reduced 
the initial rate of  leucine uptake to 5.8 • 10 -s nmol/min per pg protein.  How- 
ever, after 10 min the total accumulat ion of  leucine in the vesicles was about  
50% of  the control  value. 

Substrate concentrat ions of  9.1 • 10-6M and 9 . 1 . 1 0  -8 M leucine yielded 
initial uptake rates of  2.1 • 10 -3 and 1.5 • 10 -s nmol/min per pg protein,  respec- 
tively, whereas 9.1 • 10 -6 M and 9.1 • 10 -8 M glycine resulted in initial uptake 
rates of  6.5 - 10 .4 and 3.8 • 10 -6 nmol/min per pg protein.  At all substrate con- 
centrat ions examined,  the effect  of CCCP on uptake was similar to that 
described previously. From the substrate concentrat ions examined thus far, it 
appears that  for  both  leucine and glycine uptake,  the Km will be above 9.1 • 
10 -6 M, assuming that  the system is saturable. Initial rates of proline uptake by 
a-strain plasma membrane vesicles were similar to those determined for glycine 
uptake. L-[3,4-~H]proline (60 Ci/nmol) was added to 500 pl of  membrane 
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Fig. 2. E l ec t ron  m i c r o g r a p h s  of  p l a s m a  m e m b r a n e s  in F r a c t i o n  5 (Fig.  1) isolate(~ , , o r e  sucrose  dens i ty  
g rad ien t s .  (A)  T h i n  sec t ion  of  membrar~es  f r o m  F r a c t i o n  5 b e f o r e  su spe ns ion  in s t ab i l i za t ion  bu f f e r .  M e m -  
b ranes  were  f i xed  wi th  3% g l u t e r a l d e h y d e  in 0.1 M p h o s p h a t e  b u f f e r  (pH 7.2)  for  1 h and  pos t  f i xed  wi th  
2% o s m i u m  t e t r o x i d e  fo r  1 h. The  p r e p a r a t i o n  was  d e h y d r a t e d  wi th  e thano l ,  i n f i l t r a t ed  wi th  p r o p y l e n e  
ox ide ,  and  e m b e d d e d  in Epon .  Th in  sec t ions  were  s t a ined  wi th  4% t tranyl  a c e t a t e  and  p o s t s t a i n e d  w i t h  
lead  c i t ra te .  M a g n i f i c a t i o n  X75 900 ;  Bar = 0.5 ~tm. (B) Nega t ive  s ta in  (2% p h o s p h o t u n g s t i c  acid,  pH  7.0)  
of  m e m b r a n e s  f r o m  F r a c t i o n  5 a f t e r  su spens ion  in T M - b u f f e r  w i t h  m a n n i t o l .  The  p resence  o f  h igh con-  
c e n t r a t i o n s  of  m a n n i t o l  in the  b u f f e r  resu l t  in the  a p p e a r a n c e  of  da rk  b lo t ches  in th is  p r e p a r a t i o n .  
M a g n i f i c a t i o n  X58 000 ;  Bar = 0 .5  ~ m .  
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Fig. 3. Uptake of leucine (o~------o Q ~) and glycine (R _- ~ G) by XS144 $19 a-plasma 
membrane vesicles. L-[4,5-3H]Leueine (105Ci/mmol) or [2-3H]glycine (23 Ci/mmol) were added to 
500 pl of membrane suspension (47.5 pg protein/b00 pl) to a final concentration of 9.1 . 10 -7 M. 

suspension (47.5 pg p r o t e i n / 5 0 0  pl) and the  up take  m o n i to r ed  as before .  Sub- 
s t ra te  concen t r a t i ons  o f  9.1 • 10 -6, 9.1 • 10 -7, and 9.1 • 10 -s M prol ine  y ie lded 
initial rates o f  7.5 • 10 -4, 7.3 • 10 -s, and 8.4 • 10 -6 n m o l / m i n  per  #g o f  p ro te in ,  
respect ively .  CCCP was found  also to  comp le t e ly  el iminate  up take  o f  prol ine  
in to  these vesicles. 

An e x p e r i m e n t  was designed to  tes t  the  osmot ic  sensit ivity o f  the  plasma 
m e m b r a n e  vesicles. A suspension o f  membranes  was divided in to  two  equal  
por t ions  and cent r i fuged at  70 000 × g for  30 min.  One pel let  was resuspended  
in TM-buffer  with mann i to l  while the  o the r  pel let  was resuspended in distilled 
water .  Leuc ine  (9.1 • 10 -s M) was used as the  subst ra te  to  tes t  the  up t ake  
capabili t ies of  the distil led wate r  suspension.  Fig. 4 shows tha t  the  up take  o f  
leucine  was essential ly equivalent  in b o t h  prepara t ions  up  to  3 min.  Af ter  
3 rain, the  TM-buffer  with manni to l - suspended  vesicles con t inued  to  accumula te  
leucine  while the  distil led water -suspended  vesicles began to  lose coun t s  and 
eventua l ly  r e tu rned  to  the backg round  reading.  

To tes t  the  d e p e n d e n c e  o f  amino  acid up take  on sod ium,  equal volumes  o f  
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Fig .  4.  E f f e c t  o f  d i s t i l l e d  w a t e r  o n  l e u c i n e  u p t a k e  b y  X S 1 4 4  5 1 9  a - p l a s m a  m e m b r a n e  v e s i c l e s .  L - [ 4 , 5 - 3 H ]  - 

L e u c i n e  ( 1 0 5  C i / m m o l )  w a s  a d d e d  t o  e i t h e r  m e m b r a n e  v e s i c l e s  s u s p e n d e d  i n  T M - b u f f e r  w i t h  m a n n i t o l  
(e  e )  o r  d i s t i l l e d  w a t e r  (© ©) t o  a f i na l  c o n c e n t r a t i o n  o f  9 .1  • 1 0  -5  M.  A m i n o  a c i d  u p t a k e  w a s  

a s s a y e d  as  d e s c r i b e d  i n  t h e  t e x t .  

m e m b r a n e  vesicles (con ta in ing  equa l  a m o u n t s  of  m e m b r a n e  p ro t e in )  suspended  
in TM-buf fe r  wi th  m a n n i t o l  were  cen t r i fuged  as descr ibed  above  and  the  pel lets  
were  r e suspended  in equal  vo lumes  of  c o m p l e t e  TM-buf fe r  or  TM-buf fe r  
w i t h o u t  NaC1. The  a m i n o  acid u p t a k e s  were  run  as be fo re  using a 100- fo ld  
l ower  subs t ra te  c o n c e n t r a t i o n  of  leucine and glycine { 9 . 1 . 1 0  -7 M) than  
descr ibed  above .  R e m o v a l  o f  Na ÷ f r o m  the  TM-buf fe r  wi th  m a n n i t o l  e l imina tes  
a n y  measu rab l e  u p t a k e  o f  these  t w o  a m i n o  acids {Fig. 5). 

G r o w t h  of  the  a- and  a-s t ra ins  of  X S 1 4 4  wi th  e i ther  pro l ine  or a m m o n i a  as a 
n i t rogen  source  m a d e  no d i f fe rence  in the  initial ra te  for  amino  acid u p t a k e  in 
the  p lasma m e m b r a n e  vesicles. We have found ,  however ,  t ha t  m e m b r a n e  
vesicles p r e p a r e d  f r o m  a ~ t r a i n  2180  1A grown wi th  a m m o n i a  as a n i t rogen  
source  do  n o t  t ake  up leucine whereas  vesicles p r epa red  f r o m  cells grown wi th  
pro l ine  as a n i t rogen  source  do  t ake  up  leucine.  The  e f fec t  o f  n i t rogen  m e t a b o -  
lism on the  t r a n s p o r t  p rope r t i e s  o f  p la sma  m e m b r a n e  vesicles is cu r ren t ly  unde r  
f u r t he r  inves t igat ion.  
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Fig. 5. E f fec t  of  s o d i u m  oll leucine  (o e, • - '),  glycine (o- - - - - - - - -~  A ~) and  prol ine  
( !  --, [] ~) u p t a k e  by  X S 1 4 4  $19  a -p lasma m e m b r a n e  vesicles. L - [ 4 , 5 - 3 H ] L e u c i n e  (105 Ci/ 
m m o l ) ,  [ 2 - 3 H ] g l y c i n e  (23 C i / m m o l )  and  L - [ 3 , 4 - 3 H ] p r o l i n e  (60 C i / m m o l )  were  ad d ed  to  the  m e m b r a n e  
suspens ions  to a final c o n c e n t r a t i o n  of  9.1 • 10  -7  M. 

Discussion 

A variety of  procedures are available for the preparation of  yeast  plasma 
membranes [ 12,15--28 ]. The only recent a t tempt  at demonstrating amino acid 
uptake in purified plasma membrane vesicles was by Christensen and Cirillo 
[21].  They were unable, however, to show that their vesicles transported the 
amino acids tested. The procedure described in this communication allows for 
the efficient separation of  plasma membranes from other cellular membranes; 
after vesiculization in the stabilization buffer, the plasma membrane vesicles 
retain amino acid uptake activity. 

It has been shown recently that  chitin synthetase is evenly distributed in (or 
on) the yeast  plasma membrane and that this enzyme serves as a reliable marker 
for judging the purity of plasma membrane preparations [28].  It has been 
demonstrated by Cabib and co-workers [12] that  if sphaeroplasts are treated 
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with [3H]concanavalin A the location of highest binding activity in the density 
gradients coincides with the maximum chitin synthetase activity. We have 
extended these observations to show that  concanavalin A binds selectively with 
maximum activity to the plasma membrane either before or after lysis of  the 
sphaeroplasts. 

ATPase has been found in numerous plasma membrane preparations from 
yeasts [15,18,20,29--34] ,  and Slayman and co-workers have even purified the 
membrane-bound ATPase from Neurospora [29,30].  Our data indicate the 
presence of  membrane-bound or associated ATPase in a-strain XS144 S19. 
Maximum ATPase activity was associated, however, with the membrane frac- 
t ion showing high succinic dehydrogenase activity which probably indicates the 
location o fmi tochondr ia l  membranes.  We are uncertain whether  the membrane- 
bound ATPase in our membrane preparations is oligomycin and ouabain 
resistant (as has been shown for other  yeast plasma membrane ATPase), and 
this remains to be clarified through fur ther  analysis. However, the occurrence of 
ATPase activity in the region of  the sucrose gradient containing maximum 
chitin synthetase and concanavalin A binding activity is good evidence for the 
presence of  a plasma membrane associated ATPase in our preparations. 

Our initial a t tempts at showing amino acid uptake in the plasma membrane 
vesicles were discouraging (data not  shown). We surmised that divalent cations 
were necessary for vesiculization, however,  our first buffer system did not  con- 
tain an osmotic stabilizer and we continuously observed very rapid amino acid 
uptake for the first one or two minutes followed by equally as rapid loss of 
filter-associated counts.  In many cases our data were similar to reported 'trans- 
port  overshoot '  described in certain mammalian plasma membrane vesicles 
[35,36] .  The incorporat ion of  mannitol  in the uptake buffer  allowed trans- 
port  to proceed in the vesicles with no indication of leakage. Efflux of amino 
acids f rom the vesicles was encountered when the pH of  our system was 5.5 or 
7.5 or when we assayed other  fractions which did not  show maximum chitin 
synthetase or concanavalin A binding activity. 

CCCP is known to dissipate electrical and pH gradients across the plasma 
membrane.  We have shown that  CCCP eliminates glycine and proline uptake in 
XS144 a-plasma membrane vesicles. These data support  the generally accepted 
theory  that  an ATP~triven H ~ pump is primarily responsible for plasma mem- 
brane transport  phenomena  in yeast [30].  The assumption is that  H + is pumped 
out  of  the cell causing the generation of an electrochemical gradient, and 
proton  dependent  co-transport  systems for amino acids are coupled to the 
reabsorpt ion of  H ÷. Unfor tunate ly ,  reliable conclusions cannot  yet  be drawn as 
to the mechanism of  amino acid transport  in yeast plasma membrane vesicles 
based only on the effect  of CCCP. It can only be concluded that  either an elec- 
trical or pH gradient is required for proline, glycine, and leucine uptake. It is 
also impor tant  to ment ion that  the addit ion of  typical energy sources such as 
glucose, succinate, or lactate did not  enhance amino acid uptake in the yeast 
plasma membrane  vesicles. This can be expected since in yeasts the metabolizing 
enzymes for the substrates are no t  associated with the plasma membrane.  

A sodium dependence has been shown for the uptake of many amino acids 
by plasma membrane vesicles [1 ,3 ,37--42] .  At low substrate concentrat ions 
there is no apparent  uptake of leucine or glycine by XS144 S19 a-membrane 
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vesicles when Na’ is removed from the uptake buffer. Proline uptake did not 
appear to be affected (Fig. 5) although the rates of uptake were so low in the 
control that it is difficult to distinguish any true effects of sodium. The 
possibility exists that since the vesicles contain Na’ initially the omission of 
Na’ from the suspension could create an outwardly directed Na’ gradient. If 
the membrane contains a Na’/H’ exchanger this could lead to the uptake of 
protons. Since Tris is a poor buffer at pH 6.5, the uptake of protons could 
result in an acidified suspension within the vesicle. It is, therefore, not possible 
to determine at this time whether the requirement for external Na’ is a con- 
sequence of its presence within the vesicles or an indication of a direct interac- 
tion of sodium with the amino acid transport system. 

Uptake of leucine (at a 100-fold higher concentration than used in Fig. 5) 
in distilled-water suspended vesicles proceeded up to a certain point after which 
the counts leaked out (Fig. 4). There are two possible explanations for this 
phenomenon. If a membrane gradient (either electrochemical or pH) is 
required to keep the transported amino acid inside the vesicles, then the 
dissipation of a gradient caused by amino acid influx signals the onset of 
leakage from the vesicles. In fact, the data shown for the distilled water-sus- 
pended vesicles (Fig. 4) resembles the pattern of amino acid uptake when the 
buffer pH deviates from the optimum. The other explanation is that the amino 
acid is accumulated in the vesicles until a concentration equilibrium is reached 
with the surrounding medium. As uptake continues against the concentration 
gradient, the vesicles burst since no osmotic stabilizer is present in the uptake 
system. A similar experiment was conducted in TM-buffer (complete) without 
mannitol and equivalent results were obtained (data not shown). 

No firm generalizations can be made at present concerning the mechanism 
of amino acid transport in yeast plasma membrane vesicles. We have shown, 
however, that the preparation of plasma membrane vesicles in which amino 
acid uptake can be demonstrated is possible from yeast cells. The elucidation of 
the molecular aspects of the amino acid transport phenomenon in vesicles 
awaits further investigation. 
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