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SUMMARY 

I. The properties of a proline accumulating system in nitrogen starved cells of 
Saccharomyces chevalieri are described. The system shows a Michaelis-Ment en substrate 
dependence with an apparent Km of 2.5" lO -5 M for L-proline and a Ki of 8. 9. Io -5 M 
for D-proline. 

2. The intracellular radioactivity accmnulated corresponds to at least 85 % free 
proline, as indicated by  chromatography, displacement of accumulated proline and 
bio-assay. 

3. The uptake of proline is temperature dependent. Further,  azide and 2~4- 
dinitrophenol inhibit the uptake. 

4. Measurement of the initial velocity of proline influx shows that  the uptake of 
proline is not inhibited by a number of natural amino acids. Only ~-alanine is inhib- 
itory. L-Hydroxyproline and other amino acids are poor inhibitors. Some amino acids, 
such as t ryptophan,  phenylalanine and tyrosine, stimulate uptake. 

5. Among several structural anak)gs of proline, only sarcosine, L-thiazolidin- 4- 
carboxylic acid, D- and L-azetidin carboxylic acid and 3,4-dehydro-DL-proline were 
found to be effective inhibitors of the system. All of these show a competit ive type of 
inhibition. 

6. The results presented are consistent with the idea that  the proline transport  
system in yeast is very specific. 

INTRODUCTION 

Amino acid uptake by yeast cells has been reported in a number of papers to 
show a poor specificity (see reviews in refs. I and 2). Thus, it has been reported that  the 
accunmlation of a given amino acid in Saccharoncvces cerevisae and Neurospora crassa 
may be inhibited by a number  of structurally unrelated amino acids a-11. In addition, 
some nmtat ions in fungi produce a generalized effect on amino acid uptake 9,12,13. 
These observations suggest that  the uptake of amino acids in fungi is also mediated by  
systems with low specificity. 

In contrast, evidence has been also reported which points to the existence of 
specific amino acid transport  systems in fungi 14-2~. Moreover, it has recently been 
observed that  arginine, lysine and methionine are accumulated in S. cerevisiae, 
by transport  systems which show a very high specificity 22-24, comparable to that  
currently found for bacterial "permeases" (ref. 25). 
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Also, it has been found that  tile derepression of the proline transport  system in 
yeast does not change the uptake capacity for other amino acids 26. 

This report describes tim properties of a proline transport  system for Saccharo- 
myces chevalieri which is higldy specific. The specificity of the system has been analysed 
by comparing the apparent affinity constant (Kin) of proline with the apparent inhi- 
bition constant (K d of the competit ive inhibitor in questioneT, 28. 

The protine transport  system has been selected for extensive s tudy mainly 
because, in our strain, proline does not appear to be utilized as a carbon source or in 
any manner other than for protein biosynthesis, a fact already reported for Escherichia 
coli 29 and N. crassa ~°. Furthermore, there exist a large number of non-amino acid 
structural analogs which can be tested as potential  inhibitors of the system. 

M A T E R I A L S  A N D  M E T H O D S  

Materials 
Strains and growth conditions. Yeast strain and growth conditions were the same 

as described previously 26. 
E. coli strain 55/I requiring L-proline for growth was kindly provided to us by 

DR. J. CABELLO (Insti tuto de Quimica Fisiologica, Universidad de Chile, Santiago, 
Chile). This strain was cultivated and used to assay proline essentially as already 
described 32. 

Radioactive compounds. DL-[carboxy-14C~Proline (specific activity, 4 mC/mmole) 
was purchased from Calbiochem. Uniformly 14C-labelled L-proline (specific activity, 
168 mC/mmole) was a product of Schwarz Co. 

Structural analogs. L- and D-azetidin carboxylic acid, betaine, creatinine, 4- 
hydroxymethylimidazol  and sarcosine were obtained front Calbiochem; coumarilic 
acid, furan 2-carboxylic acid, ~-picolinic acid, pirazol 3,5-dicarboxylic acid, pyridin 
2-aldoxime, L-proline methyl  ester and quinaldic acid were from Fluka AG ; pipecolic 
acid, glycyl-L-proline, L-prolylglycine, L-prolylphenylalanine and poly-L-proline were 
from Mann Research Laboratories; 3-indol acetic acid was from Eastman Kodak;  4- 
thiazolidm carboxylic acid and N,N-dimethylglycine were from Nutritional Biochemi- 
cals; and nicotinic acid was obtained from Merck (Darmstadt) 

3,4-Dehydro-DL-proline was kindly made available to us through the courtesy 
of DR. B. WrrKoP (National Insti tutes of Health, Bethesda, Md., U.S.A.). 

Other chemicals. All ingredients for media were obtained from Difco. D-Galactose 
was a Pfansthiel product. 

Cycloheximide was a generous gift from DI~. C. C. FENWlCK of the Upjohn Co., 
Mich., U.S.A. 

Methods 
Uptake experiments. The assay of proline uptake was always run with cells 

collected during the exponential phase of growth and derepressed as previously 
described 26. 

Initial velocity of uptake. Derepressed cells were adjusted to 2'  lO 7 cells per ml 
(hemocytometer) in 66 mM KH2PO 4 (pH 5.5) plus Io mM D-galactose. Usually 6 ml 
of the prepared cells were poured into 5o-ml erlenmeyers and equilibrated at 3 °0 in a 
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shaking water  ba th  for 5 rain; cycloheximide was added to a final conc. of 2.6. I o  - a  

raM, and phosphate-galac tose  buffer was added to bring the final volume to 9 ml 
after all the additions. At zero t ime the radioactive L-proline adjusted to a 
specific ac t iv i ty  of o.12 mC/mmole and the inhibi tor  if an?,, was added;  i-ml samples 
were taken immedia te ly  and at appropriate  interwds, and filtered at once through 
Millipore filters (o.45/,, pore size) then washed three times with 5-ml port ions of water  
at room temperature  (intracellular proline was not removed in the washing process). 
The filters were then dried and counted in a thin-window gas-flow counter  (Nuch'ar 
Chicago Corp.). The efficiency of the count ing method  was 3O°o. 

AccumMating capacily. The accunmlat ing cat)acity was calculated by  the ratio 
between internal and external concentrat ion of L-proline at the s teady-state  level. The 
intracellular concentrat ion of L-prolil~e was calculated from the amount  of radioactive 
L-proline accmnulated b\" the cells at s teady state, assulning that  the intracellular 
water  accounts  for 47 °o of tha t  total  wet-volume of cells an and that  l.-proline is 
dis t r ibuted throughout  all the intracellular waler. 

Identification qf the acczt~nttlated radioactivilr. 4-ml aliquots of cell suspension, 
incubated as described wilh radioactive proline for 6o rain, were centrifug(d rapidly, 
and the cell pellets were resuspended in a water acetone mixture (1:3, v/v). Nonradio-  
active proline was added, and the cell suspensi(m was boiled for 7 rain. The boiled cells 
were removed by centrifugati~m and the exlract  analysed by paper chronmtograt)hy 
in the following s~lvents: I ;  t)henol--water-NHa(25%) (8o:2o:o.3, by vol.)a4; I I ,  
e thano l -wa te r -u rea  (8o:2o :o. 5 g v/v,/w) as and I l l ;  n-butanol -pyr id ine--water  (315 : 
175:24o, by vol.) a6 

In each case a single radioactive sp¢,t was fom:d which was located at the s a n e  
place as the spot of unlabelled prolip.e developed with ninhydrin.  With all solvenls a 
faint radioactive spot was found at the origin representing less than xo % ~f t , t a l  
radioactivity.  

l~ioassco,. Derepressed cells were allowed to accumulate  l.-proline for 7 rain at 
3 °° in a ro ta to ry  shaker. After the accumulat ion period the cells were centrifuged, 
washed twice wilh 5 ml phosphate  galactose buffer and the pellets extracted with 
water -acetone mixture (I :I,V/V) for IO rain in boiliilg water. Aliquots of the cell-free 
extracts  were tested foi free t.-proline with E. coli 55/1. This mutan t  has a block in 
the proline biosynthet ic  pa thway  at the level of 7-glutamic semialdehvde synthetase,  
and it is unable to grow unless supplied with L-prolil:e. 

In our hands this method  allowed us to measure L-proline quant i ta t ive ly  from 
o o I  t .  a| least 0.25 ~mole/ml. 

RE:=t U "1 ~4 

Ki~tetics of &belled proline ~tptake 
The uptake  of DL-[t4Qproline is shown in Fig. I. N-s tarved cells accumuhtte this 

substrate  until  a s teady-s ta te  level is reached 6o lnin after zero time. At s teady state 
the intracellular concentra t ion of proline is at least 8oo times tha t  of the medium. 
D-Galactose at a final concentra t ion of IO mM enhances the accumulat ion capaci ty  of 
the cells and initial velocity of uptake,  o.I mM 2,4-dinitrophenol and 2omM sodium 
azide effectively inhibit  the accumulat ion of proline. 
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Effect of temperature aud pH 
The uptake of DL-[uC]proline by N-starved cells is temperature dependent. At 

300 the cells reached maximal internal proline concentration 60 rain after zero time, 
whereas at the same time, the accumulation of proline by yeast cells incubated at 4 ° 
was only 4 % of this amount. There is a 2o-fold difference in initial rate of entry at the 
two temperatures. The system is also pH dependent, with an optimal pH of 5.5 (Fig. 2). 
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Fig .  I .  K i n e t i c s  of p r o l i n e  u p t a k e .  T h e  cells ,  r e s u s p e n d e d  in  66 m M  I<I-I2PO 4 (pH  5.5), were  i n c a -  
b a t e d  a t  3 °o in  t h e  p r e s e n c e  of o.9 / tM i~4Cjprol ine.  S a n i p l e s  w e r e  t a k e n  a t  a p p r o p r i a t e  i n t e r v a l s ,  
a n d  i n t e r n a l  r a d i o a c t i v i t y  w a s  m e a s u r e d  as  d e s c r i b e d  u n d e r  MATERIALS AND METHODS. X - - X ,  
w i t h o u t  D-ga l ac to se ;  O-- O, plus i o m M  D-ga l ac to se ;  A -  A,  plus IO m M  D-ga lac tose  a n d  o. i m M  
e , 4 - d i n i t r o p h e n o l ;  Q---O, plus i o  m M  D-ga l ac to se  a n d  ao m M  azide .  I n  t h e  inse t ,  ce l l s  s u s p e n d e d  
in  66 m M  K H 2 P O  4 (pH 5-5) w e r e  i n c u b a t e d  a t  3 °0 in  t h e  p r e s e n c e  of o . i  m M  [14C]proline. S a m p l e s  
were  t a k e n  a t  t h e  i n d i c a t e d  i n t e r v a l s ,  a n d  t h e  i n t e r n a l  r a d i o a c t i v i t y  w a s  m e a s u r e d  as  d e s c r i b e d  
u n d e r  MATERIALS AND M F T t I O D S .  ~ . - - ~ k ,  w i t h o u t  D-ga l ac to se ;  0 - - 0 ,  plus IO lll.~I D-ga lac tose .  
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Fig .  2. a. E f f ec t  of p H  on  p r o l i n e  u p t a k e .  The  ce l l s  were  r e s u s p e n d e d  in  66 m M  bZH2PO4, p r e v i o u s l y  
a d j u s t e d  to  t h e  i n d i c a t e d  p H ,  plus Io  m M  J) -ga lac tose ,  a n d  t h e  i n t e r n a l  r a d i o a c t i v i t y  w a s  m e a s u r e d  
as  d e s c r i b e d  u n d e r  ,'aATERZALS AND MErHODS. b. E f f ec t  of t e m p e r a t u r e  on  p r o l i n e  u p t a k e .  The  
ce l l s  w e r e  r e s u s p e n d e d  in  66 m M  K H 2 P O  4 (pH  5-5) plus Io m M  D-ga l ac to se  a n d  t he  k i n e t i c s  of 
[14C] p r o l i n e  u p t a k e  m e a s u r e d  as  i n d i c a t e d  u n d e r  MATERIALS AND METHODS. O - - O ,  a t  3 °0 ; :~ --- X, 
at 4 °. 

Biochim. Biophys. Acla, 173 (I969) 313-323  



PROLINE TRANSPORT IN S .  chevalieri 3 1 7  

Properties of the accumulated amino acid 
Extraction of the internal radioactivity accumulated by the cells after 6o rain of 

incubation can be accomplished with hot water. Only 5 % of the accumulated radio- 
activity remains associated with the insoluble residue. The extracted radioactivity was 
identified as 85-9 o % free proline by paper chomatography in three different solvent 
systems and by bioassay. 

To determine if the uptake process affected the optical configuration of the 
proline accunmlated, cells were allowed to accumulate L-proline, DL-proline or D- 
proline. Extracts prepared as described in MATERIALS AND METHODS were subjected to 
bioassay. Results given in Table I clearly demonstrate that  L-proline is not transformed 
into the D-isomer by the accumulating system. 

T A B L E  I 

CONFIGURATION OF THE ACCUMULATED PROLINE DETERMINED BY BIOASSAY 

D e r e p r e s s e d  ce l l s  w e r e  a l l o w e d  t o  a c c u m u l a t e  L - p r o l i n e ,  D L - p r o l i n e  o r  D - p r o l i n e  a d j u s t e d  t o  a f i n a l  
c o h e n ,  of  S. i o  4 M. A f t e r  a c c u m u l a t i o n ,  ce l l  e x t r a c t s  w e r e  p r e p a r e d  as  d e s c r i b e d  u n d e r  MATERIALS 
AND METHODS, a n d  o . 5 - m l  s a m p l e s  o f  t h e  e x t r a c t s  w e r e  s u b j e c t e d  t o  b i o a s s a y  f o r  f r ee  L - p r o l i n e .  
R e s u l t s  a r e  t h e  m e a n s  of  t w o  d e t e r m i n a t i o n s  a n d  r e p r e s e n t  t h e  a m o u n t  of  f r ee  L - p r o l i n e  f o u n d  in  
the  ex t rac t s .  

Optical isomer Fr~e proline 
(,umole/ml) 
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tqg. 3. D i sp l acemen t  of a c c u m u l a t e d  DL-[14C]proline. Cells were suspended  in 66 mM KH,2P() i 
(pH 5.5) plus i o  mM D-galactose and the  k ine t i cs  of DL-[14C]proline u p t a k e  was n leasured  as 
ind ica ted  for Fig. I. At  s t e a d y  s t a t e  (60 rain a f te r  zero t ime),  the  cell suspens ion  was d iv ided  in to  
th ree  port ions,  and  af ter  the  i nd i ca t ed  addi t ions ,  i ncuba t i on  was cont inued.  The in te rna l  radio-  
a c t i v i t y  was measured  from samples  t a k e n  a t  the  i nd i ca t ed  in te rva ls .  O - - O ,  w i t h o u t  add i t i ons ;  
X - - × ,  plus 2,4-d in i t rophenol  a t  o . i  mM final concn.;  A - - A ,  ph~s DL-proline, a t  io  mM final 

c o n c h .  

Fig. 4. I n i t i a l  ve loc i ty  of L-[14C]proline ent rance .  Cells were resuspended  in  66 mM I4H2PO 4 
plus io  mM D-galactose (pH 5.5), and the  k ine t ics  of L-proline u p t a k e  were measured  a t  the  con- 
cen t r a t ions  of L-proline i nd i ca t ed  in the  figure. E a c h  po in t  represents  the  mean  of th ree  different  
de te rmina t ions .  
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l)isplacemeJd o~ accmmtlated prolilw 
The addit ion of excess nonradioact ive l~.-t)roliv.e (io raM) t -  a (-ell suspension 

which had accumulated DI~-[14C prol ine  up to the s teady-sta te  level resulted in a 
rapid decline of radioact ivi ty  in the ('ells. \So rain after the add i t i ,n  . f  nonradioact ive 
]:~l,-twoline the intracellular radioact ivi ty  is almost COlnpletely (1]sl)lace(1. o.i mM 2, 4- 
dini trophenol also displaces the internal radioactivity,  but only t .  at limited extent 
after which n(~ further radioact iv i ty  is lost from the cells (lZiR. 3)- 

l lziii(d vcl0( ilv oJ'L-['aC !pro[ ilw i~!/htx 
As shown in ]zig. 4, the kinetics of pro]ine uptake' by 5". ckevalieri cells are linear 

for at least the first 7 nfin after l l le addit ion of the ]abe!led proline. 

l~//'ec: (!/ ~'xic~'md L-[HC iproliJze coJweJdralion 
The t ranspor t  system is highly specific for L-proline. As the external concen- 

t ra t ion of L-pr()line was increased, the system became saturated as shown in Fig. 5- 
The apparent  at~nitv constant  (K~n) for L-proline is 2 5- ~o ~ M. 
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lCig. 5- Effect ()f cxt(rnal  L-LH(; prolim ' concentrat ion and inhibition of L-proliIlc uptake by I)- 
prolinc. L inewcavur-Burk  plot (A'm = 2. 5 . IO 5 M) showing conlpctiti\ 'c inhibition of L-proline 
uptake bv D-proline (o. 5 raM). Accumulated radioactivi ty \~as determined after 5 rain of incu- 
b a t i o I 1  a s  i l l ( l i c ~ t t t ! r . |  il? M A T 1 , 2 R I A L S  A N D  M I V . T H O I I S .  

lri~.~), lnhibitionr~l'L-proline uptM<c by L a l an incand  3,.t dchy(lro-DI.-proline, l , ineweaver Burk 
plot showing com! ' ( t i t ivc inhibition of L prolinc uptal(c l)y L-alaninc (().~ raM) and 3,4-dchydro- 
DL-proline (o.2 raM). :\ccunlulalcl] radi<~activity x~as n/t'~tsurtM af ter  5 rain of incubation as indi- 
cated i l l  M A ' I ' H I 4 I A L H  A N I )  MF.TI IOI )S4 .  

Specific@, of lhe ,~vslem 
The addit ion of amino acids at a concentrat ion ~oo times greater than that  of 

the radioactive proline, showed that  only 1)-proline and ~-alanine produced a signif- 
icant inhibiti(m. 

The kinetic analysis of initial velocity of uptake  shows that  bott~ behave  as 
competi t ive inhibitors for the L-proline aeeunmlat ing system (Figs. 5 and 6). Hydro-  
xy-proline is a poor inhibitor. Most of the other  amino acids show only a small 
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T A B L E  I I  

INHIBITION OR ENHANCEMENT OF THE INITIAL VELOCITY" OF INFLUX OF L-PROLINE BY AMINO 
ACIDS AT IOO-FOLD HIGHER CONCENTRATION 

Values given are the means of at  least six separate  experiments .  

Amino acid (o.z raM) Inhibition Enhancement 
(%) (%) 

L-Alanine 48 
L-Arginine 12 
L-Asparagine io 
DL-Aspartic acid* 16 
L-Cysteine 38 
DL-Cysteine* 13 
L-Citrulille 16 
Glycine 25 
L-Glutamic acid 13 
L-Glutamine 24 
L-Hydroxyprol ine 12 
L-Histidine o 
L-Isoleucine 2 I 
L-Leueine 15 
DL-Lysine * o 
DL-Methionine* 27 
L-Ornithine o 
L-Phenylalanine 56 
D-Proline 42 
L-Serine o 
L-Tvrosine 45 
DL-:I'hreonine * o 
L-Tryptophan 8o 
DL-\:aline* 28 

* Assayed at  0.2 mM final concentrat ion.  

50 
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1 0  
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Lhiazo t i d in  -/,- c0r boxytic 
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1/v 3 
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L-AzetidJn corboxyLic ocid 
~tor 

IO-'/[L-Pro] 10"/ [L-F'~o] 

Fig. 7. Inhibi t ion of L-proline uptake  by sarcosine~and L-thiazolidin 4-carboxylic acid. Lineweaver-  
Burk  plot showing competi t ive inhibition of L-proline uptake by  sarcosine (o.i raM) and L- 
thiazolidin 4-carboxylic acid (o.I nlM). Accumulated radioact ivi ty was measured after 5 min of 
incubation.  For  details see METHODS AND MATERIALS. 

Fig. 8. Inhibi t ion of L-proline uptake by D- and L-azetidin carboxylic acid. L ineweaver -Burk  plot 
showing competi t ive inhibition of L-proline uptake  by D- and L-azetidin carboxylic acids (o.2 raM). 
Accunmlated radioact ivi ty  was measured after 5 rain of incubation.  For details see MATERIALS ANt) 
METHODS. 
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inhibitory effect whereas tryptophan, phenylalanine and tyrosine effectively enhance 
uptake. The results for all the amino acids tested are given in Table II. 

A number of structural analogs inhibit only to a limited extent the uptake of 
proline. However, sarcosine, 5-thiazolidin carboxylic acid, 3,4-dehydro-Dt-proline, 
D- and 1.-azetidin carboxylic acid exhibit a significant inhibition. The nature of the 
inhibition mentioned above was further investigated by lneasuring initial velocity of 
uptake in the presence of the inhibitor. The results given in Figs. 6, 7 and 8 show that 
all of them behave as competit ive inhibitors for the system. 

TABLI-  1 l i 

I N H I B I T I O N  OF I N I T I A L  V E L O C I T Y  O F  I N F L U X  O F  L - P R O L I N E  B Y  S T R U C T U R A L  A N A L O G S  AT A 

J O O - F O L 1 )  I I I G H E R  C O N C E N T R A T I O N  

Values are the means of at least three separate experirnents. 

Analog (o.z m3I) lnhibilion 
(%) 

D-Azetidin carboxylic acid 75 
L-Azctidin carboxylic acid 56 
Creatinine 7 
Coumarilic acid o 
3,4-Dehydro-DL-p roline 45 
N-Methylglycine (sarcosine) 82 
N,N-Dimethylg lyc ine  26 
A:,N,N-Trimethylglycine (betaine) 8 
Furan  2-carboxylic acid 22 
H ydroxymethyl imidazol  6 
3-1ndoleacetic acid 9 
Nicotinic acid 8 
c~-Picolinic acid 5 
l'ipeccqie acid 23 
Pirazol 3,5-dicarboxylic acid 3 
Piridin 2-aldoxinm 0 
L-Proline methyl  ester 24 
Ouinaldic acid 6 
L-Thiazolidin 4-carboxylic acid 69 
Glycyl-L-proline 16 
L-Prolylglycinc 2 5 
L- l~rolylphenyhtlaninc 8 
Poly-L-proI ine l 2 

* These values were very poorly reproduciblo 

TABLE lV 

A P P A R E N T  A F I q N I T Y  C O N S T A N T S  O F  T H E  L - P R O L I N E  U P T A K E  S Y S T E M  F O R  I N H I B I T O R Y  

S T R U C T U R A L  A N A L O G S  

These constants  were calculated from the experimental  results shown in Figs. 7, 8 and 9. 

Structural anah~g tQ x zo 5 (M) 

L-Alanine 8.2 
L-Azetidin carboxylic acid 2o 
D-Azetidin carboxylic acid 7.7 
3,4-Dehydro-DL-p rolinc i o 
N-Methylglycine (sarcosine) 2.9 
D-Proline 8. 9 
L-Thiazolidin 4-carboxylic acid 5.2 
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The apparent  affinity constant (Ki) for the competit ive type of inhibitors have 
been determined (Table IV). All of them have a -Ki value larger than the apparent Km 
of I.-proline for its uptake system. From these values it appears that  the affinity for 
the proline transport  system decreases in the following order: 
Sarcosine> thiazolidin 4-carboxylic acid >I)-azetidin carboxylic acid >L-alanine 
>D-proline >3,4-dehydro-DL-proline >L-azetidin carboxylic acid. 

DISCUSSION 

The experiments reported here indicate that  the proline transport  system in 
S. chevalieri exhibits properties similar to those described for bacterial "permeases" 
(ref. 25). The quant i ty  of L-proline accunmlated, as measured by bioassay, may  amount 
in some cases to o.8 mol/1 of intracellular water. This concentration can best be 
explained in terms of a catalytic t ransport  mechanism, rather than by internal 
binding sites. 

The bioassay and chromatographic analysis of the accumulated material indi- 
cate that  it consists ahnost entirely of free proline. Also, nonradioactive proline rapidly 
displaces the internally accumulated radioactivity. Finally, no measurable change in 
the optical configuration of tile ~-proline by  the accumulation process or by intra- 
cellular enzymes could be detected. 

The observation that  the initial velocity of proline uptake is enhanced in the 
presence of a source of energy, such as galactose, inhibited by  2,4-dinitrophenol or 
azide, together with the fact that  the system is temperature dependent and operates 
against a concentration gradient, points to an energy requirement for the system. 

The present work has shown that  L-proline is concentrated by  S. chevalieri cells 
by a ver b' specific t ransport  system. Tile fact that  D-proline an L-alanine were the only 
amino acids found to be significant inhibitors is consistent with this idea. These results 
are also in accordance with the reported specificity of derepression of the proline 
transport  system 26. Further, structural analogs must have a very close similarity with 
the proline molecule in order to be effective inhibitors of the system. 

From the results of inhibition studies it may  be concluded that  both the imino 
and carboxy group nmst be present as such because proline methyl  ester, L-prolyl- 
phenylalanine, L-prolylglycine and glycyl-L-proline are poor inhibitors. Ring size 
modifications are also very limited, as can be seen from the results of inhibition with 
pipecolic acid and L-azetidin carboxylic acid. I t  is difficult to understand, however, 
why D-azetidin carboxylic acid is more inhibitoIy than L-azetidin carboxylic acid. 
Whether  ring substitution may  also affect affinity cannot be stated, since hydroxy- 
L--proline was the only case studied in the present investigation. 

That  the intramolecular distance between imino and carboxy groups is an 
indispensable factor in inhibition, rather than the ring itself, can be shown by the fact 
that  sarcosine is the strongest of all inhibitols tested. On the other band, N,N- 
dimethylglycine is a very poor inhibitor, thus further demonstrating the need of a free 
imino group~ 

The unexpected s t imulatory effect of a number  of amino acids may  be due to 
several causes: (a) Dipeptide formation and uptake ; (b) allosteric interactions between 
very close recognition sites for amino acids (peHneases) at the membrane level; (c) 
"competi t ive st imulation" as described for ascites tumor cells a<a7 ; (d) secondary effects 
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due to alteration of ion permeability. However, the present data cannot distinguish 
anlong these alternatives. 

The proline transport system described here has many common characteristics 
with the arginine, lysine and methionine transport systems described by GREZ;SON 
et  al. 22, 2a and GITS AND GRENS0N 24, thus confirming the general existence of very 
,specific amino acid transport systems in yeasts. 
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