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SUMMARY 

i .  Saccharomvces  cheval ier i  ceils grown in complex  medium or ill syn the t i c  
med ium con ta in ing  (NH4).,SO I as the  sole n i t rogen  source show a reduced capac i ty  
t,, accmnula te  II~C lprolinc. 

2. The u p t a k e  o[ pro l ine  is g rea t ly  enhanced by incul>ating the cells wi thout  
fur ther  g rowth  in a n i t rogen- f r rc  medium,  with galact~se as thc s~lc energy source. 
The  enhancement  in up t ake  capac i ty  b y  ni t rogen starvati~m is not  affected by  anaerobic  
or fully aerobic  condi t ions ,  exist), the  increase in p io l inc  1)o~,l is wi thout  effect. 

3. Cycloheximidc,  b las t ic id ine-S and Sl)arsolnyein inhibi t  the dercl>rcssior_,. Also, 
the  amim> acid analogs b-thlor{q~l~cnylalanine and 5-mcthyltryl~tot~han prevent  the  
increase of pr~dinc up take ,  l{cnzimidaz~>lc, prof lavine and e th id ium bromide  arc 
effective inhil>itors of the  dcrepressi~,n. 

4. Other  amino  acids  d(, n()t sll()w suc{) an increase in accumulati(>n capac i ty  
a f te r  nitr(>gen >tarvati(>ll. l;()r %(>111(' anlill(> acids w]/ic]l s]l()\\ a n/(>(lerate tl-~lIl~;l)Ol-t 
enlmnec,m!nt ,  such an increase is n~t al)olished by  evclohcximide .  

5. Resul ts  are discussed in telm> ~>f the  idea tha t  the biosvnthcsi> ¢>f a p ro te in  
ncce,~sarv f¢>r the  t r anspor t  of t)r~lil~,C is repressed dur ing  grt>wth ¢~l S a c c h a r o m w e s  

cheval ier i  all(t tha t  dcrcpressi~,n ,,ccurs when the cells are subjec ted  t,> n i t rogen  
st at \ rat  i( >l]. 

INTROI>U(71 ION 

While  s tudy ing  the charac te r i s t i cs  of a prol ine  t ranq>orl  s\'.~tcln in a s t ra in  of 
Saccl tarom3,ces cheval ieri  (ref. I) ,  w e  observed  tha t  the  capac i ty  of \ e a s t  celIs t~ 
accumula te  'L'~Qproline was a lmost  null  when g r o u n  in comple te  medium or in 
minet-al inediuln conta in ing  (NHI).,S() a as the  side n i t rogen  source. However ,  if cells 
umfl)le t~ accumula te  prol ine were incuba ted  in a n i t rogen-f ree  medium (N-free 
medium) with ga lac tosc  as the s o d  em~rgy and carbon source, p ro l inc -up takc  capac i ty  
g r a d u a l l y  increased and reaclled a m a x i m u m  af ter  3 h of n i t rogen  s t a rva t ion  (N 
s t a rva t i on ) .  

At least  two mcehanisln> could adequa te ly  expla in  the  N s t a rva t ion  results.  
F i r s t ,  the  dcp lc t ion  of the  yeas t  amino  acid  pool  in the  prcsence of a metabol izab le  
ca rbon  source, will al low an inc reased  u p t a k e  of a numbc'r  of amino  acids ='. This  effect 

l;ivchim. Hio/bhys. lcla, ~ 73 (1~)69) 3o2 3J -' 



D E R E P R E S S I O N  OF PROLINE UPTAKE IN Y E A S T  3 0 3  

has been first reported by HALVORSOX, FRY AND S C H W E M M I N  3 and has been confirmed 
by other workers (for reviews on yeast amino acid pools s e e  S P I E G E L M A N ,  HALVORSON 
AXD BEX-ISHAI 4 and HOLDE~,'S). 

Alternatively, one may assume that the main mechanism responsible for the 
enhanced proline accumulation after N starvation is the synthesis of a proline trans- 
port system which is normally repressed under usual culture conditions. It is interest- 
ing to note in this connection that evidence for repressibility of amino acid uptake 
has been reported in bacteria 6. 

The results of the study undertaken to establish the exact nature of this 
t)henomenon are presented in this paper. 

MATERIALS AND METHODS 

Yeas!  strain.s, growth conditio~.zs 
Strain C~, a representative of S. chevalieri, was used. It originated from culture 

NRRL-Y of the Northern Regional Laboratories and was obtained through the 
courtesy of DR. BORIS ROTMAX. In this work the galactose-adapted cells v haw~ been 
used. The yeast cells were routinely grown in standing test tubes at 3 °° in a complete 
mediuln prepared by adding to I 1 of water: 2o g D-galactose; 5 g bacto peptone; 2.5 g 
yeast extract; 6 g (NH4)2SO4; o.25 g CaC12"zH20; o.25 g MgSO4"7H,,O; and 2 g 
KH2PO 4. For some experiments a modified BURKHOLI)ER 8 mineral medimn, prepared 
by omitting the asparagine and replacing glucose with 2o g/1 of D-galactose, was used. 

Compom~ds 
DL - Icarboa 3, - 14C) Proline; DL - [carbo.Kv - i~(;; phenylalanine ; DL - Icarbo. O' - HC - 

aspartic acid; I)L- Icarboxy-14C-~lysine ; DL- [carboxy-14C~ serine ; DL- ~carboxv-14Cj methio- 
nine; DL-[carboxy-14C~leueine and L-[carbo.Lv-laCJisoleucine were purchased from 
Calbioehem. DL-i14C2-Hydroxyproline was obtained from the Radiochemical Centre, 
AmershanL England. The specific activity of all anaino acids was adjusted to 4 
luC/mnaole. 

Ingredients for media were purchased from Calbiochem. I)-Galactose was a 
product of Pfanstiehl. Benzimidazole was obtained from Nutritional Biochemicals 
Corp. DL-5-Methyltryptophan was a product of Koch-Light,  Colnbrook, England. 
DL-p-Fluorophenylalanine was obtained from Mann Research Laboratories. Proflavine 
hemisulfate was purchased from British Drug Houses Laboratory Chemicals, Poole, 
England, and purified as previously indicated% 

Cycloheximide was a generous gift of DR. C. A. ]:ENWICK of the Ut)john Co  
Blasticidin-S was kindly provided by Dt{. HIROSHI YOXEHARA, Institute of Applied 
Microbiology, University of Tokyo. Sparsomycin was a gift of DR. C. G. SMITH of the 
Upjohn Co.. and ethidium brmnide was made available to us by DR. DICKINSON ,ff 
Boots Pure Drug C(~. 

A:itroge,t slarvation 
Exponentially growing cells were harvested by" centrifugation, washed three 

times and adjusted to 2" lO 7 cells/ml (lmmocyton/eter) in 66 mM KH2PO 4 (pH 5.5) 
containing IO mM D-galaetose (N-free medium). The prepared cells were incubated 
at 3 °0 in a rotatory shaker (Rollordrmn, New Brunswick) at 6o rev./min for 3 h 
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unless otherwise indicated. 2-ml samples were removed at intervals to measure 
uptake of proline. During the whole N-starvation period the cells showed no growth, 
although they remained viable even after 4 h of incubation. 

Uptake experiments 
2 ml of suspension (2" IO 7 cells/nil) were preincubated at 3 oo for 5 rain with 

2.1/~g of cycloheximide plus the additions, if any, and the amount of N-free medium 
necessary to give a vol. of 2. 9 ml. At zero time, o.I ml of DL-[carboxy-l*C]proline was 
added (final p4CIproline concentration 9.1.1o -~ M) and the cells incubated in a 
rotatory shaker (6o rev./min) at 3 o~. Incubation was stopped after I5 rain by filtering 
through a Millipore filter (pore size, o.45 /,) the filter was washed three times with 
5-ml portions of room-temperature, distilled water, and dried and counted in a thin- 
window gas-flow counter (Nuclear Chicago Corp.). The efficiency of the counting 
nlethod is 3o%. 3o to 4 ° % of the radioactivity added as [t4Ciproline was recovered 
in the cells after washing. Of this amount, 5 % of the counts were associated with 
cell debris, and lO% was incorporated into high molecular weight substances. 

Measurement of amino acid pool and L-proline pool 
2-ml aliquots of cells subjected to N starvation were withdrawn at different 

times, centrifuged rapidly, resuspended in distilled water and boiled Io rain. The 
extracts obtained were used to measure total free amino acid content by the ninhydrin 
method of MOORE AND STEIN 1°. Extracts obtained from the pellets of 5o-ml aliquots 
of celt suspension (2" IO 7 cells/ml) were used to measure the free L-proline pool by 
bioassay a. 

RESULTS 

Kinetics of derepression in N-free medium 
Cells grown in complete medium were resuspended in N-free medium and 

incubated aerobically in a shaker (Rollordrum, New Brunswick Corporation); the 
uptake of [14Ciproline measured at appropriate intervals. As shown in Fig. Ia, the 
capacity of yeast cells to accumulate radioactive proline increased up to 18o rain of 
N starvation, after an initial lag period of 3 ° rain. No significant difference in the shape 
of the curve was observed if the N starvation was carried out in a completely organic 
buffer plus IO mM D-galactose (Tris-maleic buffer). Furthermore, when cells grown 
in mineral medium were N starved, the same results were obtained but a longer 
(6o rain) lag period was observed (Fig. Ib). Finally if cells grown in complete medium 
under vigorous aerobic conditions were N starved, they gave essentially identical 
results. 

Effect of a metabolizable carbon source 
The increase in proline accumulation capacity due to N starvation requires the 

presence of a metabolizable carbon source. In a concentration of IO mM, galactose 
provides the necessary energy. When Io mM glucose is added instead of galactose, 
one observes that galactose is a better carbon source than glucose although the results 
are quite similar (Fig. 2). Omission of the carbon source prevents the full development 
of the phenomenon. 

Biochim. Biophys. Acla, i73 (I969) 3o2-312 
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Effect of some amino acids 
When N starvation was carried out in the presence of a number of amino acids 

at a final concentration of o.I raM, no significant variation was found in the develop- 
ment of proline-uptake capacity. Further, addition of casein hydrolysate (50/~g/ml) 
was also without effect (Table I). 

Variation of amino acid pool during N starvation 
Samples were taken at appropriate intervals and both the amino acid pool and 

the accumulation of proline were measured. 
The results obtained demonstrate that the total  free-amino acid pool declines 

to about half its initial value in the first 30 rain but afterwards remains fairly constant. 
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Fig. I. K ine t i c s  of derepress ion b y  N s tarvat ion ,  a. Samples  of cell  suspens ion  were  t a k e n  at  inter-  
va l s  and the ir  c a p a c i t y  to a c c u m u l a t e  E14Cqproline was  a s sayed  as descr ibed under  MATERIALS AND 
METHODS. ~ 5 - - / ~ ,  66 mM K H ~ P O  4 (pH 5.5) plus IO m M  D-galactose;  O - - O ,  66 m M  Tr i s -n la l e i c  
buffer (pH 5.5) plus i o  m M  D-galactose .  b. All  cel ls  were  resuspended  in 66 m M  K H 2 P O  4 (pH 5.5) 
plus i o mM D-galactose  and  t h e n  N s tarved .  ~x - -  &, cel ls  a n a e r o b i c a l l y  g r o w n  in c o m p l e t e  m e d i u m  ; 
×--~ x ,  ceils aerob ica l ly  grown in c o m p l e t e  m e d i u m ;  [ ] -  [ ] ,  cel ls  a n a e r o b i c a l l y  grown in minera l  

m e d i u m .  

40000 

3000000 

~7o°;o ,M 2 0 0 0 / /  
~ / -  o with  g lucose lO-2M 

o 

10000 " ' - x .  

"~- .x  

0 
600 400 1~00 

T I M E  ( rnin ) 

Fig.  2. Ef fec t  of & carbon  source  on  the  k i n e t i c s  of derepress ion in N-free  m e d i u m .  Sample s  of cell  
suspens ion  in 66 m M  K H ~ P O  4 (pH 5.5) w i t h  or w i t h o u t  addi t ions  were  t a k e n  at  in t erva l s  and  
the ir  c a p a c i t y  to a c c u m u l a t e  [14C]proline was  a s sayed  as described under  MATERIALS AND METHODS. 
& - - A ,  plus IO mini D-galactose;  0 - - 0 ,  plus IO m M  D-glucose;  X ...... × ,  w i t h o u t  a n y  carbon 

source.  
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T A B L E  I 

EIq;ECT OP" SOME AMINO ACIDS ON DEREPRESSION 

N s t a r w t t i o n  w a s  c a r r i e d  o u t  a s  d e s c r i b e d  u n d e r  MATERIALS AND _METHODS w i t h  o r  w i t h o u t  t h e  
a m i n o  a c i d .  U p t a k e  o f  [14C]pro l ine  w a s  m e a s u r e d  a f t e r  i,So n l i n  of  s t a r v a t i o n  ( for  d e t a i l s  s e (  
MAT1.;RIALS AND METHODS).  V a l u e s  r e p r e s e n t  t h e  m e a n s  of t h r e e  s e p a r a t e  e x p e r i m e n t s .  

,4mine acid added .4ccttmMated radioactivity 
(o.z m 3 I )  (cumzls/mi~z) 

N o n e  311 _' 
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l : ig.  3- E f f e c t  of r e p l e n i s h m e n t  of  a m i n o  a c i d  p o o l  o n  d e r e p r e s s i o n  k i n e t i c s .  N s t a r v a t i o n  w a s  c a r r i e d  
()lit a s  d e s c r i b e d  in  MATERIALS ANI) METIIOI2S. A t  t h e  t i m e  i n d i c a t e d  b y  t i le  a r r o w ,  a s p a r a g i n e  wa~ 
a d d e d  t o  a p o r t i o n  of  t h e  cel l  s u s p e n s i o n  t o  o b t a i n  a f inal  c o n c e n t r a t i o n  of o . ,  raM,  t h e n  i n c u b a t i o n  
w a s  c o n t i n u e d .  S a m p l e s  w e r e  t a k e n  t o  inc~tsure  [ l a C ] p r o l i n e  u p t a k e . . , ' \ -  :7_, c o n t r o l ,  n o  a d d i t i o n s ;  
0--- O,  pl~fs a s p a r a g i n c .  In t h e  i n s e t :  v a r i a t i o l l  of  a m i n o  a c i d  poo l .  T o t a l  a m i n o  a c i d  pool  w~,s 
m e a s u r e d  in  d u p l i c a t e  s a m p l e s  of cell  s u s p e n s i o n  (see MATERIALS .XXl) METHO1)S for  d e t a i l s ) .  ~, F , 
c o n t r o l ,  i3o a d d i t i o n s ;  O- O,Ph, 'sasparagine. 

Fig .  4. I ' ;ffect of t h e  v a r i a t i o n  ot  L- t ) rol ine  poo l  o n  d c r e t / r e s s i o n  k i n e t i c s .  N s t a r v a t i o n  w a s  c a r r i ( d  
o u t  as  d e s c r i b e d  ill MATERIALS AND M E'I'HOI)S. A t  t h e  t i l l le  i n d i c a t e d  1ix t i le  a r r o w ,  L-pro l i l / e  xv;is 
a d d e d  t o  a p o r t i o n  of t h e  cell  s u s p e n s i o n  t o  o b t a i n  a f ina l  c o n c h ,  of  o. 5 r aM,  t h e n  i n c u b a t i o n  w a s  
c o n t i n u e d .  S a m p l e s  w e r e  t a k e n  t o  m e a s u r e  [14C p r o l i n e  u p t a k e ' .  A - - - ± ,  c o n t r o l ,  n o  a d d i t i o n s ;  
© -"C) , 15lus L - p r o l i n e .  Ill t h e  i n s e t :  v a r i a t i o n  of f ree  L - p r o l i n c  poo l .  L - P r o l i n e  pool  w a s  m e a s u r e d  
b y  b i o a s s a y  w i t h  H. coli 55/1 as  d e s c r i b e d  u n d e r  MATERIALS AND M10TItOI)S. F .ach p o i n t  r e p r e s e n t s  
t h e  n3ean  of  t h r e e  d e t e r m i n a t i o n s .  A ? ,  c o n t r o l ,  n o  a d d i t i o n s :  O-  O ,  phCsL-proline. L-Proline 
~ a s  c a l c u l a t e d  :is /~moles/n3l of i n t r a e e l l u l a r  w a t e r .  
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Tile effect of amino acid pool replenishment was tested by adding asparagine, which 
is used as a nitrogen source by" S. chevalieri 8. It can be seen froln Fig. 3 that even when 
the amino acid pool was replenished, the increase in proline-uptake capacity was not 
found to be inhibited..qimilar results were obtained when o.I mM glutamine or 5 ° 
t,g/ml casein hydrolysate was added instead of asparagine. Furthermore, the fret.' 
J.-proline pool was also analysed, and as shown in Fig. 4, after an initial increase, it 
remains fairly constant during the whole N-starvation period. Moreover, when 
L-proline was added to the N-starvation medium, a great increase in the intracellular 
free proline pool is observed, although the enhancement in proline uptake capacity 
is practically unaltered. 

Effect of am~erobiosis amt oxvgenatiolz 
The possibility that oxygenation 1nay have some specific relation to the increased 

uptake of proline was tested by inducing N starvation either in anaerobiosis or after 
lmbbling with pure oxygen for 15 rain. Proline-uptake capacity was measured at the 
end of N starvation. Only snmll differences in the amount of proline were found 
(Tal)le I l). 

I ' A B i J ' I  I i 

1 ~ FFECT O F  O X Y G I ' N A T I O N  A N D  A N A E R O I H O S I S  ON D E R E P R E S S I O N  

T h e  cell  s u s p e n s i o n  in N - f r e e  m e d i u m  w a s  d i v i d e d  i n t o  f o u r  p o r t i o n s  w h i c h  w e r e  s u b j e c t e d  t o  t h e  
f o l l o w i n g  t r e a t m e n t  b e f o r e  t h e  o n s e t  of  N s t a r v a t i o n .  W i t h  p o r t i o n  I, N s t a r v a t i o n  w a s  c a r r i e d  
o u t  a s  u s u a l .  P o r t i o n  2 w a s  b u b b l e d  w i t h  p u r e  o x y g e n  f o r  15 r a in .  P o r t i o n  3 w a s  c o v e r e d  w i t h  
IO c m  of  v a s e l i n e .  P o r t i o n  4 ~ a s  b u b b l e d  5 r a i n  w i t h  p u r e  n - b u t a n e ,  t h e n  s u b j e c t e d  t o  a v a c u u m  
for  5 r a i n ,  a n d  t h e  w h o l e  p r o c e d u r e  w a s  r e p e n t e d  8 t i m e s ;  f i na l Iy  t h e  cel l  s u s p e n s i o n  w a s  c o v e r e d  
w i t h  v a s e l i n e .  W i t h  t h e  e x c e p t i o n  of  t h e  t u b e  c o n t a i n i n g  p o r t i o n  I ,  a l l  o t h e r s  w e r e  c a r e f u l l y  c lo sed  
b e f o r e  t h e  o n s e t  of  t h e  N - s t a r v a t i o n  p e r i o d .  [ l ~ C ] P r o l i n e  a c c u m u l a t i o n  w a s  m e a s u r e d  a f t e r  N 
~ t a r v a t i o n .  V a l u e s  r e p r e s e n t  t h e  m e a n s  of t h r e e  i n d e p e n d e n t  e x p e r i m e n t s .  

TrcatmeJ,4 b@n'e Accumulatcd radioactivity 
A: slarc'ation (cou~zLs/min) 

N o n e  ( con t ro l )  32 i 7 
]~lu:; ().2 3 1 7 9  

\ a s e l i n e  3248  
7 1 - B u t ~ l l t > / \ ' a c u u l l l / v k l s e l i l l e  2~o i ,S 

Ki~wtics of derepression iJz the presence of inhibitors of protein biosynthesis 
The effect of some inhibitors of protein biosynthesis on tile increase of t)rolinv - 

uptake capacity clue to N starvation was assaved. The concentrations used were 
those inhibiting the growth of our \'east strain after 24h, by between 5o°0 and 8o%. 

As shown in Fig. 5, 2.5' Io ~ M cyclohexiinide added at the onset of N starvation 
completely and permanently inhibited the increase in proline-uptake capacity. \Vhen 
added later, total inhibition was obtained 15 rain after its addition. 

Fig. 6 shows that in the presence of xo -a M blasticidin-S added 6o rain after 
the beginning of N starvation, tile increase in proline-uptake capacity was slowed 
down and completely inhibited about 3o rain after the addition of the antibiotic. 
Further, the addition of IO -~ M sparsomycin gave essentially the same results, 
although the increase in proline accunmlation capacity is completely inhibited only 
6o rain after addition of the antibiotic. 

f3iochim. Biophys. A eta, 173 (1969) 3 o 2 - 3  ~ 2 
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Fig. 5. Effect  of c y c l o h e x i n l i d e  on derepress ion kinet ics .  The ant ib io t i c  was  added  to a port ion of 
the  cell  suspens ion at  the  concentra t ion  ind ica ted;  at  zero t i m e  (O -C)); at  the  t i m e  ind ica ted  
by  the  arrow ( :] 21 ) ; contro l  w i t h o u t  inh ib i tor  ( ~ - -  A ). [14C1Proline u p t a k e  was  de termined  in 
all cases  in a l iquots  t a k e n  at  the  ind ica ted  in terva l s  as described under  .XIATERIALS AND METHODS. 

Fig. 6. Derepress ion  k ine t i c s  in the  presence  of b las t i c id in-S  and sparsomyc in .  The drugs were  
added at  the  t i m e s  ind ica ted  by  the  arrow to port ions  of the  cell  suspens ion  in N-free  med ium.  The  
ant ib io t i c  c o n c e n t r a t i o n  is g i v e n  in the  figure. The  u p t a k e  of [14C!proline was  as sayed  as described 
under  MATERIALS AND METHODS. O C), blast ic id in-S;  × - - / ,  s pa r somyc in ;  2~---A, control,  no  
addit ions .  

Time course of derepression in the presence of amino acid analogs 
If p-fluorophenylalanine is added 60 min after the onset of N starvation, there 

is no further increase in accumulation capacity. 5-Methyltryptophan also prevents 
this increase but only after a lag period of 60 rain (Fig. 7). 

Time course of derepression in the presence of inhibitors of nucleic acid biosynthesis 
In view of the significant inhibition observed for proline accunmlation increase 

in the presence of amino acid analogs and protein biosynthesis inhibitors, it was of 

40004 

2000 

10oo4 

c o n t r o l  ~ 4000]  

0-m~to~,Ltrypt . . . . .  ~ o - ~ .  ~ / s  
~- / /  benzimidozo[ 

20004 ,/ 12 • 10-2M 

60 120 180 240 0 50 120 180 

T I M E ( r a m )  T I M E  ( m i o )  

Fig. 7. T i m e  course  of derepress ion in the  presence  of a m i n o  acid anaIogs. Condit ions  as those  
described in Fig. 5. O - - O ,  5 - m e t h y l t r y p t o p h a n  ; gJ - -  ~ ,  p - f luoropheny la lan ine  ; A - -  A ,  control  
no addit ions .  

Fig. 8. T i m e  course  of derepress ion in the  presence  of b e n z i m i d a z o l e .  B e n z i m i d a z o l e  at  the  con-  
cen tra t ion  ind ica ted  was  added  to a por t ion  of cel l  suspens ion  in N-free  m e d i u m .  The  u p t a k e  of 
[14CJproline was  a s sa yed  as described under  MATERIALS AND .~IZTHODS w i t h  samples  w i t h d r a w n  at  
intervals .  O - - O ,  ana log  added  at  zero t ime;  & - - A ,  control ,  no addit ions .  
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interest to determine whether similar results could be obtained by interfering with 
nucleic acid biosynthesis. 

Results given in Fig. 8 indicate that if N starvation is run in the presence of 
1. 5 mg/ml (1.2 7. io -2 M) benzimidazole, the observed enhancement of proline uptake 

/+000 

cont ro l  

c 3000 

.~thidiurn b rom ide  o r  
)rof lovine free bas 

I000 "" 

. . . . . . . .  _ . . . . . . .  - 

0 60 120 180 21+0 

TIME ( r a i n )  

Fig. 9. Time course of derepression in the presence of inhibitors of DNA-pr imed RNA polymerase. 
The final concentrat ions  of the inhibitors added were 7 ° pM for e thidium bromide and IOO pM 
for proflavine-free base. Other  condit ions are as those described for Fig. 5. Inhibi tors  added at 
zero t ime:  E-----m, e thidium bromide;  0 - - 0 ,  proflavine. Inhibi tors  added 60 min after zero 
t ime: [] - - ~ ,  e th idium bromide;  × - - × ,  proflavine. No inhibitors added: ~ - -  &, control. 

TABLE I I I  

E F F E C T  O N  ~ S T A R V A T I O N  O N  T H E  U P T A K E  B Y  S. chevalieri O F  S O M E  A M I N O  A C I D S  

N starvat ion was carried out  as described in MATERIALS AND METHODS. TO a port ion of the cell 
suspension cycloheximide was added to a final concn, of 2.6 /zM. Samples of cell suspension 
s tarved with (SC) or wi thout  (S) cycloheximide were taken after 3 h of N starvat ion,  and [14C]- 
amino acid accumulat ion was assayed as described for [14C]proline. The uptake  of [14C]amino 
acids in nonstarved cells (NS) was also measured. The ratio S/NS gives the t imes t ha t  accumula- 
t ion was enhanced by  N starvat ion,  wi thout  added cycloheximide. The ratio SC/NS gives the 
t imes tha t  accumulat ion was increased by  N starvat ion,  in the presence of cycloheximide. The 
results are the means of three separate experiments.  

[14C]Amino acid Accumulated radioactivity (counts~rain) Ratio Ratio 
SINS SC/NS 

Nonstarved Starved cells 
cells 

(NS) 

Without With 
cycloheximide cycloheximide 
(S) (SO) 

DL-Asparagine 16o 736 185 4.6 1.2 
L-Alanine 3oo 29o 3IO I.O I.O 
L-Isoleucine 517 805 81o 1.6 i .6 
DL-Leucine 698 i 163 874 1.7 1.3 
DL-Lysine 1986 2820 2666 1.4 1.4 
DL-Methionine 596 1387 1422 2.3 2.4 
DL-Phenylalanine 426 1972 1874 4.6 4.4 
DL-Hydroxyproline io 7 127 I zo 1.2 i . i  
DL-Proline 37 2960 190 8o.0 5.1 
DL-Serine 446 1617 842 3.6 2.9 
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is slowed down. At the end of the N-starvati(m period, benzimidazole  reduced the 
u<ual increase in pro l ine  ut) take capac i ty  t,~ 5o%. 

Pr(~flax-ine (free 1)ase), added  at  a concent ra t ion  of IO 4 M at zero t ime,  showed 
a in(we profound  effect (Fig. 9). Derep res s i . n  was inh ib i t ed  up to 87%. If ethi(l ium 
broni ide  (7" I ° - s  M) was added  at zero t ime a 90% inhibiti<m of the increase in 
prol ine up t ake  was ob ta ined .  However,  if proflavine or e thidiuln  bronl ide  was added  
O0 mil l  after the derepressi~m be,ean, its inhib i tory effect beeanle detectable only 
jO mili af ter  add i t ion .  

t~/'/?cl oj A" ,~lar-,,aUon oJ~ lke zqSlakc cap,oily jbr  other amiJw acids 
Uptake  capac i ty  for var ious  alnin~> acids was assayed  at  zero t ime  and af ter  

i8o  rain (,f N s t a rva t ion .  As a control ,  \ e a s t  cells were N s t a rved  in the presence of 
2. 5. zo -~ M cych>heximide to nieasure the  increase in up t ake  capac i ty  \vhich ma\ '  be 
(lue to det)iction of amino  acid pool and up take  assayed af ter  I8O rain of N s ta rva t ion .  

Anion<< the amino  acids tes ted  (Table I I I )  only  prol ine showed a subs tan t i a l  
increase in up t ake  capac i ty  af ter  X s t a rva t ion  (8o t imes  more). This  increase could 
be effectively blocked by  cvch~hexinlide. Other  amino  acids showed modera te  in- 
creases in up take  capac i ty ,  but these increases were not  inh ib i ted  by  evchd/eximide.  

I * ISCUSSI( )N 

The t r anspor t  sys tems  for amino  acids  are genera l ly  considered to be cons t i tu t ive  
in the  organisms  inves t iga t ed  so far. fh~wexer, there  are repor ts  which indica te  tha t  
some amino  acid t r anspor t  sys tems may  be e i ther  inducible  ude or repressible% 
Never theless ,  to the  best  of our knowIedge, m~ repor t  has been publ i shed  c<meerning 
derepress ion of an amino  acid aeculnula t ing  s \ s t e m  in veasts .  

The results  r epo r t ed  here suppor t  the  idea tha t  the  sys tem for prol ine up take  
in S. chevalier* is normal ly  repressed in yeast  cells. Our results  cannot  be expla ined 
by  deple t ion  of p reex is t ing  pools ",<:'. l :u r thermore ,  if ~me increases the  L-proline pool 
or replenishes the  to ta l  amino  acid t}o~)1 duril~g N s ta rva t ion ,  the  increase in proline- 
up t ake  capae i ty  is e i ther  unal te red  <)r sligl~tly enhanced ra the r  than  inh ib i ted .  

The f<tct tha t  glucose, which is kno\vn t~) inhib i t  the  b iosynthes i s  of iI*ducible 
enzymes  la, does not  prevent  ihe  inerea<e in prol ine accumula t ion  while ga lac tose  is 
;t lieeess~H*v c~trl)ol, source  for the ( l e \ e l o t m / e n t  of the  t)]lellOlilellOli, at{titleS agai l ls t  

the  i11\'olvement of eatal)ol i te  ret)ressi~m, l :ur ther ,  glucose e a t , b e l l i e s  (t~yruvate, 
lactate)  and  amino  acids  proved t,~ ]lave m, effect when added  to the  N-s t a rva t i on  
medium (Table 1). 

Oxygen has been rep~,rted t~, s t imula t e  induced enzyme s \ n t h e s i s  (see refs. 
*4 -r7). Never theless ,  the  resul ts  tnesented  in Table  II and  the  fact tha t  aer~bical ly  
,<r()wn cells \ \ere  also repressed 1-ule ()lit such (~xygen effect. 

The enhanced capac i ty  f()r pr()linc Ul)take niav also 1)e re la ted  t() {lie b iosynthes i s  
(>f a t)r()teill This p()ssibil i ty was tes ted  with inhibit()rs of pr()tein b iosynthes i s  in 
veasts  such :is evclohexi lnide is,a1, spars~)mycin ee.ea and blasticidin-S'- ' l ,  '-'5. All of them 
se\ 'erelv  res t r ic t  the  increase in m-CUl~mlating capaci ty .  F u r t h e r  evidence is also 
provided  b \  ~)ur results  with /5-11u(w(q)henylalanine and 5 - m e t h y l t r y p t . p h a n ,  which 
are known iuhibi tors of induced eliZVllie sxntllesis2< 27. 

Sin('e b{)tll pr()tein ;Ind I{X=\ svnthes is  are require(l  for derepression ='s, inhib i tors  
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of RNA biosynthesis were also tested. Benzimidazole, which impairs yeast growth 29 
by interfering with nucleic acid synthesis 3°, effectively prevents the increase in proline 
uptake. Also, proflavine 9 and ethidium bromideat, 3~ which are specific inhibitors of 
DNA-primed RNA biosynthesis, were tested. If mRNA is biosynthesized as a result 
of release of repressive control, these inhibitors should produce a different effect when 
added at the onset of N starvation or later. As shown in Fig. 9, both inhibitors proved 
to give the expected results. 

Taken together our results strongly suggest that  for the uptake capacity to 
develop during N starvation, the biosynthesis of a protein is an indispensable step. 
However, degradation of a specific inhibitory protein may also be postulated, since 
it is well known that  proteolysis occurs during N starvation 3a. However, although 
most inhibitors of protein biosynthesis terminate protein degradation during N 
starvation, p-fluorophenylalanine does not 34. The clear inhibition of the phenomenon 
in its presence rules out the idea of the degradation of an inhibitory protein. 

The probabil i ty that  derepression by N starvation is a general phenomenon 
has been ruled out, at least for the amino acids assayed, by the fact that  none of the 
amino acids tested showed substantial increase in uptake comparable to proline. 

Although relatively little information exists concerning the control of transport-  
system biosynthesis in microorganism, their regulation by induction and repression 
in bacteria has been reported and reviewed 3~. Furthermore, ~BENKO, \¥O01)  AND ,%E GEL 3~ 

have recently suggested that  the regulation of inethionine transport  in fungi may 
involve derepression. 

Our findings support the idea that  control of transport-system biosynthesis 
may prove to be a more generalized phenomenon than it is usually considered. 
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