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Baker's Yeast Cytidine Deaminase: Substrate and Inhibitor Specificity, and a Hypothesis on 
Metabolic and Regulatory Significance 

Par t ia l ly  pur i f ied cy t id ine  deaminase  f rom baker ' s  
yeas t  was shown to be al losterical ly inh ib i ted  by  b o t h  
cy t id ine  and 5'-CMP 1. Cyt id ine  deaminase  is usually 
t h o u g h t  to p lay  a role in py r imid ine  catabol ism2;  how- 
ever, WISDOM and  ORsI a have  repor ted  in te res t ing  kinet ic  
da t a  on the  sheep l iver enzyme,  suggest ing t h a t  it  m a y  
have  a role in a salvage p a t h w a y  for conver t ing  deoxycy-  
t id ine  to t h y m i n e  nucleot ides.  The la t t e r  was p resen ted  as 
an a l t e rna t ive  to  the  deoxycy t i dy l a t e  route.  

This  repor t  p resen t s  some da ta  on subs t ra te  and inhibi-  
tor  specif ic i ty  of t he  yeas t  enzyme,  toge the r  wi th  a t en ta -  
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Fig. 1. Lineweaver-Burk plots for cytidine deaminase using deoxy- 
cytidine (O-Q-@-) and eytidine (�9169169 as substrates [S] = inM. 
The velocity is expressed as nanomoles of uridine formed per minute. 
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Fig. 2. Effect of varying dTTP concentration on cytidine deaminase 
activity. [I] = dTTP. Deoxycytidine was used as substrate at 
0.125 mM concentration, The velocity V~ is expres,~e~ as % of the 
velocity in the absence of the inhibitor (Vo). The inset shows the Hill 
plot modified according to JENSE~r and NESTERT; USat was evaluated 
by plotting the reciprocal of % inhibition as a function of the reci- 
procal of dTTP concentration; the value obtained was 35%. 

t ive  hypp thes i s  on its metabol ic  role. I t  is shown t h a t  
deoxycy t id ine  is also deamina t ed  by  cy t id ine  deaminase  
and t h a t  s igmoidal  inhib i t ion  curves wi th  finite asymP7 
to tes  are ob ta ined  as a funct ion  of d T T P  concent ra t ion .  

dklaterials and  methods. Cytidine  deaminase  was par -  
t ia l ly  pur i f ied abou t  45-fold f rom commercia l  yeas t  as 
previous ly  r epor ted  1. Deamina t ion  of cytos ine  der ivat ives  
was followed spec t ropho tomet r i ca l ly  using the  same 
assay procedure  as for cy~idinel.  Dif ferent  molar  ext inc-  
t ion coefficients a t  286 nm of 3,140 and  2,650 for t he  
convers ion of cy t id ine  to ur idine der iva t ives  and  deoxy-  
cy t id ine  to deoxyur id ine  der iva t ives  respect ively,  were 
used. 

Sephadex G-100 (Pharmacia)  c h r o m a t o g r a p h y  was 
carr ied out  according to Andrews  wi th  a 60 •  cm 
column ~. Nucleosides and  nucleot ides  were purchased  
f rom Sigma Chemical  Co. (St. Louis, Mo., USA).  

Resul ts  and  discussion.  Table  I shows the  re la t ive  ra tes  
of deamina t ion  of some cy t id ine  analogues.  As can be 
seen, deoxycy t id ine  is deamina t ed  at  a ra te  similar  to  t h a t  
of cyt idine,  whereas  the  presence  of a m e t h y l  group a t  
pos i t ion  5 of the  pyr imid ine  r ing or a phospha t e  a t  the  5'- 
pos i t ion p reven t s  deamina t ion  of b o t h  the  nucleoside and 
the  deoxynucleoside.  

Figure i shows a double  reciprocal  p lot  of init ial  veloc- 
i ty  vs subs t ra te  concen t ra t ion  f rom which  the  ap p a ren t  
Km and Vm~ were calcula ted;  the  values are r epor ted  in 
Table I. Deoxycy t id ine  seems to be a be t t e r  subs t r a t e  
t h a n  cy t id ine  for the  yeas t  enzyme.  The same behaviour  
was found wi th  the  cor responding  enzyme f rom E.  colt 5 
whereas  enzymes  f rom m a m m a l i a n  sources show a h igher  
aff ini ty  for cyt id ine  a, a, 6. Subs t ra te  inhib i t ion  was not  
observed (as was the  case w i th  cyt id ine  1) using deoxycy-  
t id ine  at  concen t ra t ions  near ly  10 t imes  grea ter  t h a n  the  
K~.  Owing to  t he  non-homogene i ty  of enzyme prepara-  
t ion,  the  presence  of two di f ferent  pro te ins  carrying the  
ca ta ly t ic  act ivi t ies  towards  cyt id ine  and deoxycy t id ine  
could not  be excluded a priori.  However ,  our da t a  are no t  
in con t ras t  w i th  the  hypo thes i s  t h a t  the  same en zyme  
pro te in  is responsible  for the  deamina t ion  of the  two 
compounds .  The rat io of the  specific act ivi t ies  t owards  
cy t id ine  and deoxycy t id ine  is cons t an t  a t  every  s tep 
dur ing  the  pur i f ica t ion  procedure .  

Table  I I  shows the  inh ib i to ry  effect  of some nucleot ides  
on cyt id ine  deaminase ;  the  same values were ob ta ined  
using cyt id ine  or deoxycy t id ine  as subs t r a t e  a t  concent ra-  
t ions  near ly  equal  to the i r  /i2m. These results  are also in 
favour  of the  hypo thes i s  t h a t  a single enzyme deamina tes  
bo th  nucleosides. The following nucleotides,  a t  concent ra-  
t ions  f rom 0.25 to  0.75 m M ,  did no t  inh ib i t  e i ther  sub- 
s t ra te ;  AMP, GMP, UMP, GDP,  dCMP, dCTP and those  
a l ready l is ted in reference ~. I t  seems an a p p a r e n t  in- 
cons is tency  t h a t  UMP,  a more  di rect  end p roduc t  of the  
p a t h w a y  t h a n  cyt id ine  nucleotides,  does no t  inhibi t  the  
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Table I. Rates of deamination of some eytidine analogues by eytidine deaminase 

EXPERIENTIA 30]8 

Substrate Concentration Rate �9 Km Vmax 
(raM) (M) (nmoles/min) 

Cytidine 0.250 85 25 • 10 -5 5.28 
Deoxycytidine 0.250 100 9.1 • 10 -5 5.00 
5-methyl-eytidine 0.250 0 --  -- 
5-methyl-deoxycytidine 0.250 0 --  -- 
CM-5'-Pb 0.250 0 --  -- 
dCM-5'-P 0.250 0 --  -- 

~Referred to that  of deoxycytidine, taken as 100. b Rate is zero even at 0.75 rnM concentration. 

e n z y m e ,  in  c o n t r a s t  to  t h e  v e r y  p r o n o u n c e d  i n h i b i t i o n  
e x e r t e d  b y  CMP.  T h i s  p r o b l e m  m i g h t  be  s o l v e d  b y  
o b t a i n i n g  a c l e a r e r  p i c t u r e  of  t h e  a l t e r n a t i v e  p a t h w a y s  for  
t h e  p y r i m i d i n e  n u c l e o t i d e  s y n t h e s i s .  

T h e  e f f ec t  of  v a r y i n g  c o n c e n t r a t i o n  of  d T T P  on  t h e  
i n i t i a l  r a t e  a t  c o n s t a n t  s u b s t r a t e  c o n c e n t r a t i o n  w a s  a l so  
s t u d i e d  : F i g u r e  2 s h o w s  a t y p i c a l  i n h i b i t i o n  c u r v e  o b t a i n -  
ed  w i t h  d e o x y c y t i d i n e  as  s u b s t r a t e .  A s  c a n  be  seen ,  
i n h i b i t i o n  is a s i g m o i d a l  f u n c t i o n  of d T T P  c o n c e n t r a t i o n ,  
t h e  Hi l l  coe f f i c i en t  b e i n g  3.5 ( i n se t  of  F i g u r e  2) ; a s y m p t o -  
t ic  i n h i b i t i o n  is  f in i t e ,  w i t h  a v a l u e  of  n e a r l y  6 5 %  ; 23o/0 
a c t i v a t i o n  w a s  o b s e r v e d ,  on  t h e  o t h e r  h a n d ,  in t h e  p r e s -  
e n c e  of  0,3 m 3 I  d C T P .  A c o m p l e x  i n h i b i t i o n  p a t t e r n  of 
c y t i d i n e  d e a m i n a s e  b y  d T T P  h a s  b e e n  o b s e r v e d  b y  
WISDOM a n d  ORSI a w i t h  t h e  s h e e p  l i ve r  e n z y m e .  T h e  
r e s u l t s  p r e s e n t e d  h e r e  s h o w  t h a t  t h e  y e a s t  e n z y m e  is 
e n d o w e d  w i t h  s i m i l a r  r e g u l a t o r y  p r o p e r t i e s .  

T h e  f o l l o w i n g  m e t a b o l i c  s c h e m e  m a y  be  t h o u g h t  t o  be  
o p e r a t i v e  in  y e a s t :  

UDP 
cytosine UTP 

(a) (b) (d) "~" (c) Cl~P 
cytidine -~ uridine --> uracil -+ UMP-->--~--~CDP 

CTP 
(a) dCMP --> dCDP -+dCTP 

deoxycytidine :-~ deoxyuridine --~ -+ -+ -+ dTTP dTTP 

U r i d i n e  h y d r o l a s e  (b) w a s  s h o w n  to  be  p r e s e n t  in  
y e a s t  b y  CARTERS; U M P  p y r o p h o s p h o r y l a s e  (c), w h o s e  
a c t i v i t y  h a s  b e e n  f o u n d  b y  i n c u b a t i o n  of  u r a c i l  a n d  P R P P  
w i t h  y e a s t  e x t r a c t s  (IPAIA e t  al . ,  u n p u b l i s h e d  r e su l t s ) ,  is  

Table II. Inhibitory effect of some nucleotides on cytidine deamin- 
ase ~' 

Inhibitor Concentration (raM) Inhibition (%) 

CMP 0.750 89.1 
CDP 0.750 31 

CTP 0.750 26 

GTP 0.750 86.3 
UTP 0.750 33 

dTMP 0.400 44.2 

dTTP 0.400 48.2 

Values of % inhibition coincide for both substrates. These were 
present in the assay mixture each at a concentration nearly equal to 
its own Kin, 

under investigation in our laboratories. Cytosine deami- 
nase (d), as a regulatory enzyme, has been characterized 
by IPATA et al. 9 in yeast. According to this scheme, dTTP 
and pyrimidine ribonucleotides are the final products of 
the pyrimidine salvage pathway depicted: inhibition of 
cytidine deaminase (a) by these compounds may then 
have a role as a feedback control of this alternative route ; 
activation by dCTP would have the effect of balancing the 
production of pyrimidine deoxynucleotides. Finally, the 
ro le  o f  G T P  i n h i b i t i o n  is no'~ c lear ,  b u t  i t  m a y  be  r e c a l l e d  
h e r e  t h a t  a s i m i l a r  e f f ec t  of  G M P  is  o b s e r v e d  w i t h  d e o x y -  
c y t i d y l a t e  d e a m i n a s e  10. T h e  h y p o t h e s i s  p r e s e n t e d  h e r e  
o n  t h e  m e t a b o l i c  ro le  of  c y t i d i n e  d e a m i n a s e  a n d  u r i d i n e  
h y d r o l a s e  is in c o n t r a s t  to  t h e  s u g g e s t i o n  t h a t  t h e s e  
e n z y m e s  a r e  e x c l u s i v e l y  i n v o l v e d  in  p y r i m i d i n e  c a t a -  
b o l i s m  2, o u r  h y p o t h e s i s  is m a i n l y  b a s e d  on  t h e  o b s e r v a -  
t i o n  of t h e  e n z y m e  r e p o r t e d  here .  I t  m a y  be  r e c a l l e d  t h a t  
a s i m i l a r  s c h e m e  h a s  b e e n  p r o p o s e d  b y  IPATA e t  al. 11 for  
B. cereus. 

Riassunto. L a  c i t i d i n a  d e a m i n a s i ,  p a r z i a l m e n t e  pu r i f i -  
c a t a  d a  l i ev i t o  d i  p a n e ,  6 c a p a c e  di  d e a m i n a r e  s i a  la  c i t i -  
d i n a  t h e  la d e o s s i c i t i d i n a .  I v a l o r i  del le  Km p e r  a n a b e d u e  i 
2 s u b s t r a t i  s o n o  25 X 10 -5 M e 9.1 • 10 5 M r i s p e t t i v a -  
m e n t e .  I n o l t r e  l ' e n z i m a  6 i n i b i t o  d a  n u m e r o s i  n u c l e o s i d i  
m o n o f o s f a t i ,  d i f o s f a t i  e t r i f o s f a t i .  E m o l t o  s i g n i f i c a t i v a  il 
t i p o  di  i n i b i z i o n e  a l l o s t e r i c a  e s e r c i t a t a  d a l  d T T P ,  Si  
r i p o r t a  u n a  i p o t e s i  su l  r u o l o  m e t a b o l i c o  de l l a  e i t i d i n a  
d e a m i n a s i .  
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