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Summary 

Some strains of Saccharomyces cerevisiae exhibit  a specific t ransport  system 
for ureidosuccinic acid, which is regulated by nitrogen metabolism. Ureidosuc- 
cinic acid uptake occurs with proline but  with ammonium sulfate as nitrogen 
source it is inhibited. The V for t ransport  is 20--25 pmol/ml  cell water per rain. 
The apparent K m is 3 • 10 -s M. For the urepl mutant  (ureidosuecinic acid per- 
mease less) the internal concentrat ion never exceeds the external one. 

In the permease plus strain ureidosuccinic acid can be concentrated up to 
10 000 fold and the accumulated compound remains unchanged in the cells. 
Energy poisons such as dinitrophenol,  carbonyl cyanide-m-chlorophenyl- 
drazone (CCCP) or NaN3 inhibit the uptake. No significant efflux of  the accu- 
mulated compound  occurs even in the presence of  these drugs. 

The specificity of  the permease is very strict, only amino acids carrying an 
a-N-carbamyl group are strongly competit ive inhibitors. 

The high concentrat ion capacity of the cells and the lack of  active exit  of  the 
accumulated compound  support  the hypothesis  of  a carrier mediated active 
transport  system. 

In t roduct ion  

Ureidosuccinic acid uptake and its regulation in pyrimidine synthesis in 
Saccharomyces cerevisiae have been studied previously by Lacroute [1,2].  The 
importance of the source of nitrogen as well as the presence of  a specific per- 
incase for its uptake has already been described by Drillien and Lacroute [3].  
As it is possible to obtain mutants  blocked in the utilization of ureidosuccinic 
acid, we studied in more detail this uptake process and the main properties of  
the permease. Our results are similar to the results obtained by Grenson et al. 

Abbreviation: CCCP, cyanide-m-chlorophenyldrazone 



139 

[4] with the different  amino-acid permeases in S. cerevisiae (one-sided trans- 
port)  but  very different  f rom the results obtained on cytosine permeation and 
on uracil permeation in S. cerevisiae [ 5]. 

Materials and Methods 

Yeast  strains 
The strains used were S. cerevisiae FL 100 (haploid, a mating type)  and the 

derived strains ura 2-60 ura 4-3 and ura 2-60 ura 4-3 urep l  (haploid, a mating 
type) ,  isolated in our laboratory.  Ura 2-60 ura 4-3 strain is defective for the 
aspartic transcarbamylase structural gene ura 2 and for the dihydroorotase 
structural gene ura 4. Urepl  strains lack the ureidosuccinic acid permease [3].  

Growth  condi t ions  
The standard minimal medium contained per liter: 6.7 g of  yeast  nitrogen 

base without  amino acids (Difco) and 20 g of D-glucose. Proline medium, used 
for permease derepression assays was identical except  that  ammonium sulfate 
was replaced by L-proline (3 mg/ml) as nitrogen source. When ura- strains were 
used, 30 gg/ml of  uracil were added. Yeast cultures were grown aerobically at 
28°C with reciprocal shaking. Growth was moni tored on a Klett  Summerson 
photoelectr ic  colorimeter  (blue filter). All experiments were conducted on 
exponential ly growing cultures (about  1 • 107 cells/ml) between 60--80 Klett  
units. 

Uptake measurement s  
For the measurement  of  the initial velocity of  uptake,  1 ml of  an exponen- 

tially growing culture was pipetted into a test tube containing [14C]ureidosuc- 
cinic acid (usually 2 . 8 6 . 1 0  -3 pmol) shaken manually for 30 sec., filtered 
through a membrane filter LMR 4, 0.8 pm pore size (Labo-Moderne, Paris). 
The filters were then washed twice with 10 ml of cold water, dried, and the 
retained radioactivity counted in 8 ml of toluene plus 2,5-diphenyl-oxazole 
(5 g/l) in a scintillation spectrometer  SL 30 Intertechnique-France.  Blanks with 
port ions of the radioactive solution were also filtered to determine the radio- 
activity retained by the filters alone. To calculate the internal concentrat ion of  
ureidosuccinic acid an intracellular volume of 8 • 10 -4 ml/100 Klett  units (blue 
filter) was taken, according to Jund [6] and Lacroute (unpublished results). 
[14C]ureidosuccinic acid was usually diluted to obtain a specific radioactivity 
of 10 Ci/M. 

Chase exper imen t s  
Usually 40 ml of a culture were first equilibrated with [~4C]ureidosuccinic 

acid for 30 min. Then 30 ml of  the culture were filtered and the membrane 
carefully rinsed with medium prewarmed to 28°C. The adsorbed cells were 
then resuspended in 30 ml of  medium and separated into two fractions. One 
fraction was supplemented either with non radioactive ureidosuccinic acid or 
with the inhibitor under study. The other  fraction was used as control  sample. 
Intracellular radioactivity was followed as a funct ion of  time of  incubation by 
filtration and washing of I ml samples as described above. 
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Inhibi t ion  o f  ureidosuccinic acid permease  
The possible inhibitors were generally tested at following final concentra- 

tions: 50 pg/ml, 5 pg/ml and 0.5 pg/ml. I ml of the urn 2-60 ura 4-3 strain was 
pipetted into test tubes containing [14C]ureidosuccinic acid (2.86 • 10 -3 raM, 
2.68 • 10 -2 mM and 2.86 • ] 0 -1 mM), with and without the possible inhibitor. Up- 
take of radioactive material was measured in initial velocities. For the study of 
competitive inhibition, six concentrations of ureidosuccinic acid were chosen 
and four concentrations of inhibitor. 

Chemicals and abbreviations 
L-ureido [~4C]succinic acid was synthesized by NEN Corp., Boston, but a 

further purification of this product was needed and performed as follows: a 
spot of L-ureido [14C]ureidosuccinic acid (0.9 Ci/mol) was layered on a pre- 
coated thin-layer chromatography silica gel plate (0.25 mm, 20 × 20 cm). Sol- 
vent system was butanol/formic acid/water (75 : 15 : 10). Migration took place 
in a saturated chamber at 22 ° C. Visualization was effected with scanning on a 
Berthold-France pulse counter, at appropriate sensibility and scan frequency. 
Six peaks were always found, the greatest (40--50% of the radioactivity) corre- 
sponds to L-[~4C]ureidosuccinic acid. The other peaks were contaminating 
unidentified material. The ureidosuccinic acid peak was scraped off  from the 
gel and extracted with cold distilled water, lyophilized and resuspended in an 
appropriate volume of water. For the colorimetric determination of ureidosuc- 
cinic acid the method of Gerhart and Pardee was applied [7]. 

DL-ureidosuccinic acid: (N-carbamyl-DL-aspartic acid) as well as the N-car- 
bamyl analogs, the amino acids, and the amines were the purest grades available 
from Sigma Chemicals Co., St. Louis (U.S.A.). Allantoin was purchased from 
Fluka (Switzerland). Chlorhexidine was from Serva (Heidelberg), and the 
energy uncoupling agents from Sigma Chemical Co., St. Louis (U.S.A.). Yeast 
Nitrogen Base, without amino acids and without ammonium sulfate was 
obtained from Difco (Detroit, Mich. U.S.A.). Thiolutin: 6-acetamido-4-methyl- 
1,2-dithiolol4,3-bJpyrrol 5 (4H) one was from Pfizer Laboratories Inc., 
Groton, Conn., U.S.A. The other chemicals were purchased from Merck AG, 
Darmstadt (G.F.R.). 

Results 

Ef fec t  o f  p H  on permease  activity 
Cells of strain ura 2-60 ura 4-3 grown in proline medium were centrifuged 

mad resuspended in appropriate buffer mixtures (0.2 M boric acid, 0.05 M citric 
acid, 0.1 M trisodium orthophosphate) [8]. Permease activity determinations 
were performed at the different pH values as described under Materials and 
Methods. The results given in Fig. 1 show that  the pH range of maximal per- 
mease activity is narrow: from pH 4.2 to pH 4.7. It corresponds to the usual 
pH range of the minimal and the proline medium. 

Kinetics o f  ureidosuccinic acid entry  
The ura 2-60 ura 4-3 strain and the ura 2-60 urn 4-3 urepl  strain were grown 

in proline medium. [14C]ureidosuccinic acid was added and the radioactivity 
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Fig.  1. p H  p r o f i l e  f o r  u r e i d o s u c c i n i c  ac id  ( U . S . A . )  p e r m e a s e  a c t i v i t y .  E x p o n e n t i a l l y  g r o w n  cel ls  ( a b o u t  

1 • 1 0 7 / r o d  were  h a r v e s t e d  a n d  t h e  p e l l e t  r e s u s p e n d e d  in  " u n i v e r s a l  b u f f e r "  c o n t a i n i n g  3% g l u c o s e  a t  t h e  

a p p r o p r i a t e  p H  va lue s .  F o r  a c t i v i t y  d e t e r m i n a t i o n ,  2 . 8 6 .  10  -3  p m o l  o f  [ 1 4 C ] u r e i d o s u c c i n i c  a c i d  were  

a d d e d  t o  1 m l  o f  cel ls  a n d  u p t a k e  m e a s u r e d  as  d e s c r i b e d  u n d e r  M a t e r i a l s  a n d  M e t h o d s .  T h e  m a x i m a l  

a c t i v i t y  was  f o u n d  a b o u t  p H  4 .5 .  
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Fig.  2. K i n e t i c s  o f  u r e i d o s u c c i n i c  a c i d  ( U . S . A . )  e n t r y .  S .  c e r e v i s i a e  s t r a i n  u r a  2 - 6 0  u r a  4 . 3  u r e i d o s u c c i n i c  

ac id  p e r m e a s c  p l u s  a n d  u r e i d o s u c c i n i c  a c i d  p e r m e a s c  less were  g r o w n  in  p r o l i n e  m e d i u m  a n d  [ 14 C ] u r e i d o -  

s u c c i n i c  ac id  a d d e d  a t  t i m e  ze ro :  2 . 8 6  - 10  - 2  m M  fo r  t h e  p e r m e a s e  p l u s  s t r a i n  a n d  5 .6  • 10  - 2  m M  fo r  t h e  

p e r m e a s c  less  s t r a i n .  A t  t h e  i n d i c a t e d  t i m e s ,  s a m p l e s  were  t a k e n  a n d  the  i n c o r p o r a t e d  r a d i o a c t i v i t y  d e t e r -  

m i n e d .  The  u p p e r  cu rve  c o r r e s p o n d s  t o  t h e  p e r m e a s e  p l u s  s t ra in .  The  l o w e r  p r o f i l e  c o r r e s p o n d s  t o  t h e  
p e r m e a s e  less s t r a i n  a t  a m a g n i f i e d  scale  ( t o  t h e  r i g h t  h a n d ) .  T h e  i n t e r n a l  u r e i d o s u c c i n i c  a c i d  c o n c e n t r a -  

t i o n  d o e s  n o t  e x c e e d  t h e  e x t e r n a l  one .  The  a r r o w  i n d i c a t e s  t h e  e x t e r n a l  c o n c e n t r a t i o n  o f  [ 1 4 C ] u r e i d o s u c -  

c in i c  ac id .  
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retained by the cells was measured as a funct ion of t ime of  incubation. Fig. 2 
shows the low entry into the permease less cells, in spite of the high external 
concentrat ion:  the internal concentrat ion does no t  significantly exceed the 
external one. For the permease plus cells the figure shows the linearity of 
uptake during the first 5 min and the high level of internal ureidosuccinic acid 
concentrat ions reached after 20 min of  uptake. We have calculated that the 
apparent equilibrium is due to partial exhaustion of the medium and that  the 
uptake is linear as long as the external concentrat ion is not  significantly 
decreased. 

Fate o f  accumula ted  ureidosuccinic acid 
A culture of  ura 2-60 ura 4-3 cells in proline medium was loaded with 5.7 • 

10 -2 mM [~4C]ureidosuccinic acid for two hours. Then, 20 ml of the culture 
were filtered, the cells resuspended in 1 ml of water and immersed in a hot  
water bath (100°C) for 10 min. After centrifugation, aliquots of the super- 
natant  were layered on a silica gel 60 plate and further  manipulations per- 
formed as described under L-[14C]ureidosuccinic acid purification. Only one 
peak of radioactive material was found which had the same R F value as the con- 
trol applied on the same plate (R E 0.32). Moreover, no significant radioactivity 
is found in the trichloroacetic acid insoluble precipitates of loaded cultures 
(see Table I). These results show that  no transformation of the internally accu- 
mulated ureidosuccinic acid occurs. 

Est imat ion  o f  the apparent  K m 
On strain ura 2-60 ura 4-3 initial velocities of ureidosuccinic acid uptake 

were determined in the presence of various concentrat ions of [14C]ureidosuc- 
cinic acid. The results, plot ted according to Lineweaver and Burk, gave one 
straight line in the concentrat ion range tested. The apparent Km value was 
2.73 • 10 -s M, -+0.39 (see Fig. 3). 

Ureidosuccinic acid permease  derepression 
An overnight culture of  wild type strain FL 100, grown in minimal medium, 

T A B L E  I 

L - [ 1 4 C ] U R E I D O S U C C I N I C  A C I D  U P T A K E  IN ura  2 - 6 0  u r a  4 - 3  S T R A I N  

E x t e r n a l  [ 14 C ] u r e i d o s u c c i n i c  a c i d  c o n c e n t r a t i o n  : 1 . 1 4  • 1 0  -2 m M  ; i n t e r n a l  [ 14 C ] u r c i d o s u c c i n i c  ac id  con-  

c e n t r a t i o n  m e a s u r e m e n t s  in  i n i t i a l  v e l o c i t i e s  ( 3 0  s). F o r  t r i c h l o r o a c e t i c  ac id  i n s o l u b l e  p r e c i p i t a t e s :  1 m l  o f  
t h e  c u l t u r e  is m i x e d  w i t h  1 m l  o f  c o l d  t r i c h l o r o a c e t i c  ac id  a t  10%.  A f t e r  20  m i n  in  an  ice co ld  w a t e r  b a t h ,  
t h e  m i x t u r e  is f i l t e r e d  a n d  r a d i o a c t i v i t y  c o u n t e d  in  P P O - t o l u e n e  as u s u a l .  

T i m e  o f  l o a d i n g  I n c o r p o r a t i o n  o f  [ 1 4 C ] u r e i d o s u c c i n i c  

( ra in)  ac id  ( p m o l / m l  o f  cel l  wa te r )  

15 2 6 . 3 6  

3 0  52 

6 0  58 
9 0  61 

1 2 0  6 5  

1 5 0  70  

I n c o ~ 9 o r a t e d  r a d i o a c t i v i t y  in  

t r i c h l o r o a c e t i c  ac id  i n s o l u b l e  

p r e c i p i t a t e s  

( p m o l / m l  o f  cell  w a t e r )  

0 . 0 0 7  
t o  b l a n k  
t o  b l a n k  

0 . 0 0 3 0  
0 . 0 3 3  

0 . 0 3 4  
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Fig.  3. D e t e r m i n a t i o n  o f the  a p p a r e n t  K m [ 14 C ] u r e i d o s u c e i n i c  acid  u p t a k e  was  p e r f o r m e d  on s t ra in  u r a  

2 - 6 0  u r a  4 - 3  u r e i d o s u c c i n i c  ac id  p e r m e a s e  p lus  in in i t ia l  ve loc i t ies  m e a s u r e m e n t s  as f u n c t i o n  o f  e x t e r n a l  
c o n c e n t r a t i o n ,  and  u n d e r  the  usua l  e x p e r i m e n t a l  cond i t i ons .  The  e x t r a p o l a t e d  K m is 2 .73 • 10 .5 M +0.39.  
S y m b o l s :  S, [ 1 4 C ] u r e i d o s u c c t n i c  ac id  e x t e r n a l  c o n c e n t r a t i o n s  in m M ;  V,  [ 1 4 C ] u r e i d o s u c c i n i c  acid  incor -  

p o r a t i o n  in ~ m o l / m l  of  cell wa t e r  per  30 s i n c u b a t i o n .  

was divided in three fractions and resuspended after filtration in proline medi- 
um, proline medium supplemented with cycloheximide (15 gg/ml) an inhibitor 
of protein synthesis [9] and proline medium supplemented with thiolutin 
(5 pg/ml) known to interfere with RNA synthesis [10] ; [3H]leucine was added 
to all cultures. Every 30 min, the initial velocity of uptake of ureidosuccinic 
acid was determined and protein synthesis was evaluated by measurement of 
the incorporation of [3H]leucine into trichloroacetic acid insoluble precipitate 
(see Fig. 4A, 4B). After the shift into proline medium there is a rapid increase 
of the permease activity. The activity detected in minimal medium (Fig. 4A) 
corresponds mainly to the basal level of the permease in this medium. Protein 
synthesis was similar in both media and the absorbance was practically 
unchanged during the time of experimentation. In medium supplemented with 
cycloheximide only a slight increase in the permease activity was found, 
although protein synthesis was only little affected (Fig. 4B). In the medium 
supplemented with thiolutine, protein synthesis was more affected and the mea- 
sured activity did not increase (data not  shown). These results show that  per- 
mease synthesis is more affected than total protein synthesis in the presence of 
either cycloheximide or thiolutine. This effect might be due to the fact that, in 
the presence of the inhibitors, even in proline medium, the amino acid com- 
position of  the intracellular pool does not change enough to suppress the inhib- 
ition or the repression due to some component  of the pool. 
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Fig. 4. ( A )  U r e i d o s u c c i n i c  acid ( U . S . A . )  pernicase  derepres s ion  in pro l ine  m e d i u m .  Wild t y p e  strain FL 1 0 0  is 
g r o w n  overn ight  in m i n i m a l  m e d i u m ,  t h e n  d i lu ted  and r e s u s p e n d e d  e i ther  in pro l ine  m e d i u m  o r i n  m i n i m a l  
m e d i u m .  In the  fixst case ,  p e r m e a s e  ac t iv i ty  appears  rapidly  ([  1 4 C ] u r e i d o s u c c i n i c  acid i n c o r p o r a t i o n ) .  In the  

s e c o n d  case the  p e r m e a s e  act iv i ty  is s t rong ly  i nh i b i t ed .  In b o t h  m e d i a  the  p r o t e i n  s y n t h e s i s  is very  act ive  
( [ 3 H ] l e u c i n e  i n c o r p o r a t i o n ) .  For  assay c o n d i t i o n s  see  Materials  and  M e t h o d s .  S y m b o l s :  A -% ure ido-  
succ in i c  acid p e r m e a s c  ac t iv i ty  in pro l ine  m e d i u m ;  • $ ,  pro te in  s y n t h e s i s  in pro l ine  m e d i u m ;  
• • ,  u r e i d o s u c c i n i c  ac id  p e r m e a s e  act iv i ty  in m i n i m a l  m e d i u m ;  o - -  o pro te in  s y n t h e s i s  in mini-  
mal  m e d i u m .  (B)  U r c i d o s u c c i n i c  acid ( U . S . A . ) - p e r m e a s e  i n h i b i t i o n  in pro l ine  m e d i u m  s u p p l e m e n t e d  w i t h  
c y c l o h e x i m i d e .  Assay  c o n d i t i o n s  are the  s a m e  as in ( A ) ,  e x c e p t  that  o n e  f rac t ion  of  the  cu l ture  is resus-  
p e n d e d  in pro l ine  m e d i u m  s u p p l e m e n t e d  w i t h  c y c l o h e x i m i d e  ( 1 5  p g / m l ) .  S y m b o l s :  a -% ure idosuc -  
c in ic  ac id  p e r m e a s e  act iv i ty  in pro l ine  m e d i u m ;  • e pro te in  s y n t h e s i s  in pro l ine  m e d i u m ;  • - -  • ,  
u r e i d o s u c c i n i c  acid p e r m e a s e  ac t iv i ty  in pro l ine  m e d i u m  plus  c y c l o h e x i m i d e ;  ~ --©, p r o t e i n  s y n t h e s i s  
in pro l ine  m e d i u m  plus  c y c l o h e M m i d e .  

Ureidosuccinic acid inhibition after addition of  ammonium ions to proline me- 
dium 

To a culture of  wild type strain FL 100, grown overnight in proline medi- 
um, 5 mg/ml of ammonium sulfate were added. Samples were taken as a func- 
tion of time to determine initial velocities of [~4C]ureidosuccinic acid uptake 
(see Fig. 5). 10 min after the shift, about 50% of the initial permease activity 
was lost and after 30 min only 30% of the initial activity remained. The slight 
increase in permease activity after 25- -30  min of incubation in the presence of  
ammonium ions has been observed in three independent experiments. The fast 
disappearance of permease specific activity during the first 20 min is strongly 
suggestive of an inhibition by ammonium ions or by a product accumulated in 
the cells in their presence. But the continuous decrease of the permease activity 
as a function of  cellular growth is higher than expected assuming a complete 
repression of  its synthesis. This implies either a late secondary inhibition or a 
degradation of the preexisting molecules. 
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Fig. 6. Competitive inhibition of [14C]ureidosuceinie acid uptake by N-carbamylglycine. Lineweaver- 
B u r k  p l o t  s h o w i n g  c o m p e t i t i v e  i n h i b i t i o n  o f  [14  e l u r e i d o s u c c i n i c  a c i d  u p t a k e  b y  N - c a r b a m y l g l y c i n e  1 0  -2  
m M  a n d  4 • 10  . 2  m M  in  t h e  p r e s e n c e  o f  [ I 4 C ] u r e i d o s u c c i n i c  a c i d  c o n c e n t r a t i o n s  r a n g i n g  f r o m  1 . 4 2  • 
1 0  . 2  m M  to  1 . 1 4  • 1 0  -1 m M .  
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T A B L E  II I  

A P P A R E N T  A F F I N I T Y  C O N S T A N T S  OF T H E  [ 1 4 C ] U R E I D O S U C C I N I C  A C I D  U P T A K E  SYSTEM 

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

Ki cons tan t s  were ca lcu la ted  f r o m  the e x p e r i m e n t a l  resul ts  o b t a i n e d  on L ineweave r -Burk  plots  f r o m  the  
values of  the  app rop r i a t e  in t e rcep t s  in the  presence  and absence  of  inhib i tor .  For  m o r e  details see Results.  
The  K m value for  [ 14C ] u re idos uc c in i c  acid u p t a k e  is 2 .73 • 10  -5 M -+0.39. 

S t ruc tura l  analogs K i • 10 -5 (M) 

N-Acety l  glycine 2.90 
N - C a r b a m y l  gly cine 1.62 
N - C a r b a m y l  alanine 0 .90  
N i C a r b a m y l  valine 0.91 
N-Carbam yl bu ty r i c  acid O. 94 
N-Carbamyl  g lu tamic  acid 0 .80  
N - C a r b a m y l  i sobutyr ic  acid 

Al lan to in  I No inhib i t ion  
Methy lu rea  
E t h y l u r e a  
N-Phospho  ace ty l - l -aspar t i c  acid 

The specificity of  the ureidosuccinic acid permease 
A competitive inhibition of  ureidosuccinic acid uptake by the permease was 

looked for with the naturally amino acids and with several compounds struc- 
turally analogous to the ureidosuccinic acid (see Tables II and III). Among the 
compounds tested, only some amino-acids carrying an a-N-carbamyl group and 
N-acetyl-glycine were found to be competitive (see Table III and Fig. 6). Sev- 
eral of the carbamyl compounds tested have a Ki smaller than the apparent Km 
of ureidosuccinic acid for its uptake system; this is an indication that ureido- 
succinic acid may not be the most important natural substrate of  this permease. 

COOH 

I 

CH 2 H 0-4 3 CH CFI 2 

t t t f 
H C - COOH I I C CQOH H C COOH H - -  C COOH H - - C - -  BOQH 

I I I I I 

: =0 C=O C=O C=O C:O 

+ ¢ + 4 ! 
LF4 2 NI4 2 rdH 2 NI 4 2 NH 2 

?,' :a-bcr~21 ',, c*:rbcmyl tT-carborqyl N-coFboPPyl N corbomyl  
asport lc acd  jh/Clne c lcn l re  val r le  glutamlc acid 

OF 
ureldosuc CI~,'C 
ccid 

I H s 

i cH2 CH 3 S H  3 O ~ C  N H ~  

- t k , ,  / c=o 
H C COOH H C COOH C - -  COOH H - -  C - -  NH ~ 

I I I I 
NH NH NH NH 

I I [ I 
C = O  C = Q  C = O  C = O  

I . . . . .  I i I 
CH 3 NH 2 NH 2 NH 2 

N-acetyJ N carbQmyba N - c a r b o m y b ~  omlno Al lar l to ln 
g lyc lne arn lno-  butyr ic  ISO- bu t y r i c  acid 

acid 

S c h e m e  I. S t ruc tu re s  of  the  N - c a r b a m y l  analogs of  u re idosucc in ic  acid assayed for  c o m p e t i t i v e  inhib i t ion .  
Only a l labto in  and  N - c a r b a m y l - a - a m i n o  iso-butyr ic  acid are w i t h o u t  e f fec t  on ure idosucc in ie  acid en t ry .  
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Tir l l@ it1 m l N U I e S  

Fig.  7. Chase e x p e r i m e n t  wi th  pro l ine  m e d i u m  and  w i t h  u r e i d o s u e c i n i e  acid  (U .S .A . ) .  A cu l tu re  of  s t ra in  
u r a  2 - 6 0  ura  4 - 3  was  l o a d e d  in p ro l ine  m e d i u m  w i t h  5.7 • 10 -3 m M  [ 1 4 C ] t t r e i d o s u c c i n i c  acid  for  40  m i n ,  

t h e n  f i l te red ,  w a s h e d  a n d  r e s u s p e n d e d  in pro l ine  m e d i u m  and in p ro l ine  m e d i u m  s u p p l e m e n t e d  wi th  cold 
u r e i d o s u e c i n i c  acid  ( 2 0 0  /zg/ml).  S a m p l e s  of  1 ml  were  w i t h d r a w n  at  t i m e  in te rva ls  and  the i r  r a d i o a c t i v i t y  
d e t e r m i n e d  as desc r ibed .  S y m b o l s :  & ~:, ,  con t ro l  in p ro l ine  m e d i u m ;  • A chase  in prol ine  

m e d i u m  s u p p l e m e n t e d  w i t h  200  p g / m l  o f  cold  u r e i d o s u c c i n i c  acid;  o - - o  [ 1 4 C ] u r e i d o s u c c i n i c  acid 
u p t a k e  in the  load ing  phase .  

Scheme I visualizes the  requirement  for compet i t ive  inhibi t ion  which  is related 
to (a) the presence of  a terminal carbamyl group or the  presence o f  a peptide 
like bond  and (b} on the  conf igurat ion o f  the a carbon near the  carbamyl 
group. 

Reduct ion of  ureidosuccinic acid entry by inhibitors of  energy metabolism and 
by chlorhexidine 

Inhibitors  o f  energy metabol i sm have been tested on ura 2-60 ura 4-3 strain. 

T A B L E  IV 

R E D U C T I O N  OF  [ 1 4 C ] U R E I D O S U C C I N I C  A C I D  E N T R Y  BY E N E R G Y  M E T A B O L I S M I N H I B I T O R S ,  

IN P E R C E N T A G E S ,  R E L A T I V E  T O  C O N T R O L  

R a d i o a c t i v i t y  d e t e r m i n a t i o n s  in ini t ia l  ve loc i t ies  were  p e r f o r m e d  as usual  on  s a mp le s  o f  u r a  2 - 6 0  u r a  4 - 3  

cells, p r o v i d e d  wi th  [ 1 4 C ] u r e i d o s u c c i n i c  acid  and  wi th  the  i n h i b i t o r  a t  a p p r o p r i a t e  c o n c e n t r a t i o n s .  

I n h i b i t o r  Molar i ty  of  Molar i ty  of  [ 14C]ureidosuccinic  acid 

i n h i b i t o r  . . . . . . . . . . . . .  
2 .86 - 10 -3 m M  5 .72"  10 -3 m M  

(% of  i nh ib i t i on )  (% of  i n h i b i t i o n )  

D i n i t r o p h e n o l  5"  10 -4 M 70 88 

CCCP 5"  10 -5 M 25 
1 " 1 0  - 4  M 48 

1 . 5 '  10 -4 M 59 
2"  10 -4 M 77 

Ch lo rbex id ine  2"  10 -5  M 15 13 
4 '  10 -5 M 13 16 
6 -  10 -5 M 36 36 
8 "  1 0  - 5  M 56 54 
1 " 10 -4  M 68 70 

N3Na 7 . 5 "  10 -4 M 75 73 
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To 1 ml of culture, [14C]ureidosuccinic acid and the inhibitor were added at 
the appropriate concentrations. The uptake of  the labelled compound was esti- 
mated as usual (see Table IV). 

Efflux of  [14C]ureidosuccinic acid from ura 2-60 ura 4-3 strain 
(a) Chase by non radioactive ureidosuccinic acid. An exponentially growing 

culture was loaded with [14C]ureidosuccinic acid. After 40 min of  incubation, 
the culture was filtered, washed and resuspended either in proline or in proline 
medium supplemented with an excess of  non labelled ureidosuccinic acid. Only 
a slight efflux of radioactive material, similar in both media, was detected (see 
Fig. 7). 

(b) Effects o f  uncoupling agents and chlorhexidine on the level o f  internal 
ureidosuccinic acid. These assays were also performed on ura 2-60 ura 4-3 
strain. Loading was performed for 50 min with labelled ureidosuccinic acid. 
The inhibitors were then added. The concentrations were the same as those 

o 
c E_ 

- - • • i ! ( 
co 100 - - -  ± 

I \ ~ , - - - - ~ - - - - l t , ~ , ~ -  

50 

2 ~7 ",\ o 

91 ~o I '\\"x "~ 
n~o~hexidlne 

? 

10C 

10 

5t \o 

10 20 30 40 50 10 20 30 40 50 

Time in minutes Line ir/ rT)ir]utes 

Fig.  8. E f f e c t  o f  d i n i t r o p h e n o l ,  of  N 3 N a ,  of  u r e i d o s u e e i n i e  acid  ( U . S . A . ) a n d  of  e h l o r h e x i d i n e  on  [ 1 4 C ] -  
u r e i d o s u c c i n i c  acid  in s t r a in  ura  2 - 6 0  ura  4-3 .  S y m b o l s :  i - - i  [ 1 4 C ] u r e i d o s u c c i n i c  ac id  e x i t  in  pres-  
ence of  d i n i t r o p h e n o l  (5 - 10 -4  M); * - - - - - * ,  [ 1 4 C ] u r e i d o s u c c i n i c  acid ex i t  in p resence  of  N 3 N a  (7.5 • 10 - 4  
M ) ;  t - -  e ,  [ 1 4 C ] u r e i d o s u c c i n i c  ac id  ex i t  in  con t ro l  ( m i n i m a l  m e d i u m ) ;  ~ ,  [ 1 4 C ] u r e i d o s u c -  
cinic  acid  ex i t  in p r e sence  of  c h l o r h e x i d i n e  [10  -4 M). 

Fig.  9.  E f f e c t  o f  d i n i t r o p h e n o l ,  and  of  c h l o r h e x i d i n e  on [ 1 4 C ] u r e i d o s u c c i n i c  acid  (U.S .A. )  ex i t  in ura  2 - 6 0  

u r a  4 - 3  u r e p l  s t ra in .  Af t e r  a p r e l o a d i n g  w i t h  5.7 • 10 -2  m M  [ 1 4 C ] u r e i d o s u c c i n i c  acid for  50 m i n ,  in prol ine  

m e d i u m ,  the  cu l ture  is f i l t e red ,  d iv ided  in t h r ee  pa r t s  and  r e s u s p e n d e d  in m i n i m a l  m e d i u m  and  in p ro l ine  
m e d i u m  s u p p l e m e n t e d  w i t h  d i n i t r o p h e n o l  (5 • 10 -4  M) or  wi th  e h l o r h e x i d i n e  (1 • 10 -4  M). The  rad io-  
ac t iv i ty  is d e t e r m i n e d  as usual .  S y m b o l s :  = - - u .  c o n t r o l  s a m p l e s  r e s u s p e n d e d  in m i n i m a l  m e d i u m .  
e - -  • u r e i d o s u c c i n i c  ac id  ex i t  in p r e sence  of  d i n i t r o p h e n o h  • • ,  u r e i d o s u c c i n i e  ac id  ex i t  in 

p resence  of  c h l o r h e x i d i n e .  
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used for the assays of inhibition of uptake. The cells were sampled at appro- 
priate times for measurements of retained radioactivity. Only a slight exit is 
observed in the presence of the uncoupling agents, but chlorhexidine, a surface 
active agent known to inhibit Streptococcus faecalis ATPase [11] induces a 
rapid efflux of  the accumulated ureidosuccinic acid (see Fig. 8). 

Eff lux  o f  [14C]ureidosuccinic acid from ura 2-60 ura 4-3 urepl strain 
Experiments were conducted as described above except that  loading was per- 

formed with high concentration of [14C]ureidosuccinic acid. The release of the 
retained radioactivity was practically nil either in minimal medium or in proline 
medium supplemented with dinitrophenol. In proline medium supplemented 
with chlorhexidine, a rapid efflux was found. The fact that  this occurs in the 
permease plus as well as in the permease less strain, suggests a general mem- 
brane alteration unrelated to the permease (see Fig. 9). 

Discussion 

Using a mutant  strain ura 2-60 ura 4-3 of S. cerevisiae, which can neither 
synthesize nor convert ureidosuccinic acid into dihydroorotic acid, we have 
seen that  our strain possess a very specific ureidosuccinic acid permease. The 
specificity is well underlined by the fact that  competitive inhibition was found 
only with N-carbamyl-amino acids or N-acetylglycine, amino acids and urea 
having no effect. The ureidosuccinic acid permease activity depends strongly on 
the nitrogen source in the growth medium. The transport system is very active 
in proline medium (a poor nitrogen source) and is much lower in ammonium 
sulfate medium. The kinetics of derepression (Fig. 4A) as well as the kinetics of 
repression (Fig. 5) do not allow discrimination between repression or inhibition 
of the permease on ammonium medium; most likely both phenomena contri- 
bute to the lowering of the specific permease activity. Cells having the per- 
mease can concentrate exogenous ureidosuccinic acid up to 10 000 fold. Its 
entry is inhibited by energy uncoupling agents. Analysis of the internally accu- 
mulated radioactivity indicates that  it consists entirely of  free ureidosuccinic 
acid. This cellular pool cannot be displaced by an excess of externally added 
ureidosuccinic acid or by energy uncoupling agents which inhibit the entry. 
The lack of exit from the loaded cells might be due to an inhibition of the car- 
rier molecules on the internal side of the membrane. As this compound has 
only a very low diffusion constant this would ensure the high internal concen- 
tration. A passive diffusion constant of k = 0.005/min has been estimated using 
the data of Fig. 9 which show the efflux of ureidosuccinic acid from a urepl 
strain. This value is much lower than the values of 0.04/min and 0.48/min 
which have also been measured in yeast cells for cytosine and uracil respec- 
tively [5,12]. 

The ureidosuccinic acid transport system differs markedly from the cytosine 
transport system of S. cerevisiae, which has been previously described and 
where chasing of internal labelled cytosine by cold cytosine occurs, as well as 
efflux of internal cytosine in the presence of  energy uncoupling inhibitors [5]. 
But it resembles to amino acid t~'ansport systems described in several cell types 
in its unidirectional aspects of transport [4,13--15]. 
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