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Cytosine deaminase: Structural modification studies 
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Summary. St ruc tu ra l  modi f ica t ion  s tudies  have  shown t h a t  a cysteine,  a h is t id ine  and  poss ibly  an arginine residue are 
involved in the  ca ta ly t ic  process.  The enzyme gave a single band  on po lyacry lamide  gel electrophoresis ,  and the  amino 
acid analysis  showed it  to  con ta in  a h igh p ropor t ion  of hydrophob ic  residues,  which was in ag reemen t  wi th  the  chemical  
modi f ica t ion  results.  

In  1952 K r e a m  a n d  Chargaff  4 descr ibed the  hydro ly t i c  
deamina t ion  of cytos ine  and  5-methylcy tos ine  by  cytos ine  
deaminase  (cytosine aminohydrolase ,  EC 3.5.4.1) in a 
f rac t ion p rec ip i t a t ed  wi th  a m m o n i u m  su lpha te  f rom crude 
ex t r ac t s  of baker ' s  yeas t .  I p a t a  e t  al. 5 s tud ied  the  enzymic  
proper t ies  of the  pa r t i a l ly  purif ied enzyme  (gel f i l t ra t ion 
on sephadex  G100 and  c h r o m a t o g r a p h y  on D E A E -  
cellulose). W e  wish to r epor t  in th is  paper  some chemical  
modi f ica t ion  s tudies  on th is  enzyme.  
Materials and methods. Cytosine deaminase  was puri f ied 
f rom baker ' s  yeas t  as descr ibed b y  I p a t a  e t  al. 5. To 
ob ta in  a sample  which  gave a single band  on poly-  
c ry lamide  gel e lect rophoresis  for the  amino acid analysis  
and  t i t r a t ion  of the  thiol  groups,  the  gel f i l t ra t ion on 
s ephadex  G100 was carr ied out  using a qua r t e r  of the  
co lumn loading used by  these  au thors ;  this  resul ted  in 
b e t t e r  separa t ion  on th is  co lamn and the  subsequen t  
DEAE-cel lu lose  column.  The enzyme was assayed  as 
descr ibed by  I p a t a  e t  al. 5. 
The amino acid analyses  were carr ied ou t  in t r ip l ica te  and 
ra t ios  were calcula ted by  the  m e t h o d  of minimiz ing  
dev ia t ions  f rom whole n u m b e r  ratios.  T r y p t o p h a n  was 
de t e rmined  by  a modi f ica t ion  of the  m e t h o d  of B a r m a n  
a n d  Koshland% The following marker  pro te ins  were 
employed  for the  dodecyl  su lpha te -po lyacry lamide  gel 
e lect rophores is :  se lum albumin,  ovalbumin,  lysoyme and 
fl-lactoglobulin. E n z y m e  concen t ra t ions  were measured  
using the  opt ical  dens i ty  a t  280 nm.  
Results and discussion. Cytosine  deaminase  was found  to  
h a v e  a mol .wt  of a p p r o x i m a t e l y  32,000 using dodecyl  
su lpha te -po lyacry lamide  gel e lectrophoresis  as descr ibed 

by  W e b e r  and  Osborn ~, while amino acid analysis  gave 
a value of ap p ro x i ma t e l y  33,000; I p a t a  et  al. ~ found 
34;000 using gel f i l t ra t ion.  The Km for cytos ine  was 
found  to  be 2.0 mM. 
The inac t iva t ion  of t he  enzyme  b y  mercu ry  c o m p o u n d s  
(table 1) suggests  t h a t  there  is a su lphydry l  g roup  a t  the  
act ive site. The lack of r eac t iv i ty  of th is  group t o w ards  
a lkyla t ing  agents  (e.g. iodacetate)  could be due to  one or 
b o t h  of the  following reasons:  
a) The act ive site is ve ry  confined.  I t  is in te res t ing  to  note  
tha t ,  of the  mercu ry  compounds  s tudied,  the  smal les t  
(mercuric acetate)  is the  mos t  powerful  inhibi tor .  
b) The act ive  site is in a hyd rophob ic  region of t h e e n z y m e ,  
mak ing  the  e n t r y  of ionic species par t icu lar ly  diff icul t ;  
the  amino acid analysis  (table 2) shows the  presence  of a 
larger t h a n  usual  n u m b e r  of hydrophob ic  residues.  This  
has been  shown to be the  case w i th  the  re la ted en zyme  
adenosine  deaminaseS;  th is  effect  has  also been observed  

1 Acknowledgment. We wish ~o thank Herts CC for a research 
assistantship (S.Y.) and SRC for a research fellowship (to M.J.G.) 

2 Present address: Medical Research Council, Mill Hill, London. 
3 To whom correspondence should be addressed. 
4 J. Kream and E. Chargaff, J. Am. Chem. Soc. 7d, 5157 (1952). 
5 P.L. Ipata, F. Marmoechi, G. Magni, R. Felicioli and G. Polidro, 

Biochemistry 10, 4270 (1971). 
6 T.E. Barman and D. E. Koshland, Jr, J. biol. Chem. 242, 5771 

(1967). 
7 K. Weber and M. Osborn, J. biol. Chem. 2d4, 4406 (1969). 
8 G. Ronca, C. Bauer and C. A. Rossi, Eur. J. Biochem. 7, 434 

(1967). 

Table 1. Modification reactions carried out 

Reagent Concentration pH Inhibition (%) Incubation 
Temperature (~ Time (h) 

Mercuric acetate 10 -~ M 7.0 26.2 4 0.25 
Mercuric acetate 10 -4 M 7.0 100 4 0.25 
Mercuric acetate 5 • 10 -5 M 7.0 100 4 0.25 
Phenylmercuric acetate 10 -4 M 7.0 49.5 4 0.25 
p-Chloromercuribenzoate 10 -a M 7.0 90 RT 0.5* 
N-Ethylmaleimide 10 -8 M 6.2 0 4 0.25* 
N-Ethylmaleimide 10 -a M 7.2 0 4 0.25* 
Iodocetamide 2 • 10 -8 M 8.0 0 RT 0.5* 
Iodaeetate 2 • 10 -2 M 6.2 0 RT (dark) 24.0* 
5.5-Dithio-bis-(2-nitrobenzoic acid) 5 • 10 -5 M 7.0 0 RT 0.1" 
Tetrathronate 3.32 • 10 -~ M 7.0 0 4 0.25 
o-Iodobenzoate 10 -3 M 7.0 0 RT (dark) 0.5* 
N-Acetylimidazole 64 • 10 -3 M 7.2 0 RT 1.0" 
Potassium cyanate 0.2 M 7.0 66 30 1.0" 
Potassium cyanate 0.2 M 8.5 18 30 1.0" 
Glyoxal 2 • 10 -~ M 8.0 41 RT 19.0" 
Phenylglyoxal 2 • 10 -~ M 8.0 0 RT 20.0* 

For reviews see Cohen n, VaUee et alJ 4 and Glazer 15. RT, room temperature; * dialyzed for 24 h at 4~ against tris buffer (0.03 M, pH 7.0). 
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Table 2. Amino acid analysis of cytosine deaminase 

n n 

Asp 37 Met 
Thr 19 Ileu 
Ser 22 Leu 
Glu 27 Tyr 
Pro 10 Phe 
Gly 36 Lys 
Ala 28 His 
Cys 1 Arg 
Val 31 NH a 

Trp 

1 
15 
19 

5 
13 
22 
7 

13 
8 

(2)* 

* Determined by the method of Barman and Koshland ~. 

tog 
0.10 

0.08 

O.OE 

0.04 

0.0,~ 

0 ; ; 6oH 
Photo-oxidation with methylene blue. Plot of log k against pH. 
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wi th  beef lung lac ta te  dehydrogenase ,  where  the  amino 
acid analysis  of a por t ion  of the  enzyme showed the  
cys te ine  residue concerned  to  be in a ve ry  hydrophob ic  
region 9. 
Subs t r a t e  p ro tec t ion  exper iments ,  using cytos ine  as 
subs t r a t e  and  mercuric  acetate ,  showed t h a t  the  cysteine 
residue was a t  the  act ive si te (11.9% inhib i t ion  in the  
presence  of the  subs t ra te ,  compared  wi th  54,1% in the  
control).  T i t ra t ion  of enzyme solut ion wi th  p-chloromer-  
cur ibenzoate  as descr ibed by  Ronca  et  al. s showed only 
one react ive  - S H  group p resen t  in the  enzyme;  the  
amino  acid analysis  showed only  one cys te ine  residue 
p re sen t  in the  enzyme.  The react ion of cyana te  wi th  this  
enzyme  was p ro b ab l y  wi th  a thiol  group. The inhibi t ion 
was much  less a t  p H  8.5 t han  a t  p H  7.0, which  is in 
ag reemen t  w i th  the  observa t ions  of Stark1~ who s tudied  
the  react ion of cys te ine  wi th  cyana te ;  only  ca rbamyl  
der iva t ives  of amines  are s table  a t  bo th  p H  7.0 and  8.5 i~. 
In  pho to -ox ida t ion  studies,  70% inhib i t ion  was observed 
wi th  me thy lene  blue (1 • 10 -~ mg/ml) in 30 min,  while 
39% inhib i t ion  was observed wi th  rose bengal  (1.6 • 10 -a 
mg/ml) .  I t  is known t h a t  rose bengal  is m u c h  more 
specific for h is t id ine  t h a n  me thy l ene  blue 1~. I t  seems 
likely t h a t  there  is a h is t id ine  residue a t  the  act ive  site; 
again there  is no react ion wi th  a lkyla t ing  agents  (table 1). 
F r o m  da ta  on the  pho to -ox ida t ion  of the  enzyme  by  
me thy lene  blue a t  var ious pHs,  t he  log of the  ra te  of 
inac t iva t ion  was p lo t t ed  agains t  p i l l3 . .  The p lo t  (figure) 
suggested t h a t  a residue wi th  an ionizing group which 
has a p H  of 7.1 is involved in the  ca ta ly t ic  process;  this  
would  suggest  hist idine.  F r o m  a series of expe r imen t s  
using phenylmercur ic  acetate ,  and  pho to -ox ida t ion  using 
me thy lene  blue, it  was concluded t h a t  2 d i f ferent  groups 
were being modif ied  b y  these reagents .  
The inac t iva t ion  of the  enzyme by  glyoxal  m a y  indicate  
t h a t  an arginine residue plays  an i m p o r t a n t  role. In ter -  
est ingly,  t he  enzyme is no t  inac t iva ted  by  phenylglyoxal ,  
indica t ing  t h a t  the  size of the  r eagen t  is p robab ly  
impor tan t .  These s tudies  show t h a t  there  is a cysteine,  a 
h is t id ine  and  possibly an arginine residue a t  t he  act ive 
site. This enzyme is t he '  subjec t  of fu r the r  s tudies  a t  
these  laboratoires.  

A highly  active g lutathione  perox idase  in red blood cel ls  of n o r m a l  and aca ta lasemic  mice  1 
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Summary. The act ivi t ies  of cata lase  (E.C.1.11.1.6) and g lu ta th ione  peroxidase  (E .C . I . l l . I . 9 )  were compared  in red 
blood cells f rom humans ,  ducks  and  normal  and  acata lasemic  mice. In  t he  cells f rom b o t h  s t ra ins  of mice, an equal ly 
high ac t iv i ty  of G S H - P x  was found  which  could be inhib i ted  comple te ly  by iodoaceta te  bu t  was no t  sensi t ive to 
N-e thy lmale imide .  

In  compara t ive  s tudies  on cata lase  act ivi t ies  in red blood 
cells f rom var ious  species, the  duck (no act ivi ty)  and 
the  p r ima tes  (high act ivi ty)  are considered the  ex t remes  3, 
whereas  these  red cells show a reversed  d is t r ibu t ion  of 
g lu ta th ione  peroxidase  (GSH-Px) .  By  selection and cross- 
ing of mouse  m u tan t s ,  Fe ins te in  4 was able to ob ta in  red 
ceils wi th  no rma l  or ve ry  low catalase  ac t iv i ty  wi th in  
the  same species. The ques t ion  arose whe the r  the  red 
cells t rom the  aca ta lasemic  mice developed an a d a p t a t i o n  
in HeO~ remova l  by  an increased G S H - P x  act iv i ty .  

Materials and methods. H u m a n  blood Was p rov ided  by  the  
hosp i ta l  b lood bank.  Ord ina ry  fa rm ducks were bled f rom 
the  wing vein.  The no rma l  (Cs a) and  aca ta lasemic  (Cs b) 
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