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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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Activities of eatalase and glutathione peroxidase in erythroeytes~ 

EXpERIENTIA 33112 

Red cells from Mice b 
human duck Normal Aeatalasemic 

Catalase activity [see -1 g-1 ml] 354 ::E 13 (18) c 1 ~ 0.1 (6) a 174 i 6.4 (9) 13 • 0.3 (6) 
GSH-Px activity 22 • 2.5 (6)e 88 • 8.5 (3) 297 -4- 11.5 (3) 305 • 8.7 (3) 
[[xmoles NADPH/(min • g Hb)~ 

After NEM [mM] 3 :~ 2 (3) [51 13 -4- 0.6 (3) [15] 266 -/- 14.3 (3) [15] 317 ~ 14.5 (3) [15] 
AfterIA[mM] 3 •  0.4 (3) [1] 20:~0.9(3) [5] 3~: 1.8 (3) [5] 6 •  0.8 (3) [5] 

Means i SEM (number of determinations), b Each experiment with pooled blood from 3 mice. c From 6 individuals, a From 2 ducks. 
e From 2 individuals. 

mice were progenies  f rom the  colony of Dr Fe ins te in  a t  
the  Argonne  Nat iona l  Labora to ry ,  Argonne,  Illinois4; 
the i r  blood was w i t h d r a w n  by  h e a r t  punc tu re  under  
e the r  anaes thes ia .  Red  cells were washed  3 t imes  in 
isotonic NaC1, and the  packed cells f rom the  last  wash  
were e i ther  incuba ted  wi th  inhibi tors  or hemolyzed  wi th  
wa te r  under  vigorous shaking.  These hemolysa te s  were 
p repa red  wi th  the  following red cell concen t ra t ions  (v/v) 
for t he  enzyme  assays:  a) catalase:  human ,  10% ; duck, 
20~o; normal  mice, 15%; aca ta lasemic  mice, 30%; 
b) G S H - P x :  h u m a n  and  duck, 10%; mice, 5 0 .  In  the  
inhibi t ion exper iments ,  1 vol. of red cells was incuba ted  
in 4 vol. of 0.9% NaC1 in 0.01 M p h o s p h a t e  buffer  con- 
t a in ing  the  inhibi tor .  The incuba t ion  was carried ou t  
a t  37~ for 15 min in a shaking  wa te r  ba th ,  and sub- 
sequen t ly  the  red cells were washed  once in inhibi tor- f ree  
saline. Therea f t e r  hemolysa te s  were p repa red  as above.  
Catalase ac t iv i ty  was de t e rmined  by  the  oxygen  evolut ion 
which  was recorded wi th  a micro pO 2 e lect rode in aJclosed 
reac t ion  vessel  5. The a c t i v i t y o f  the  g lu ta th ione  peroxidase  
was measured  by  the  coupled t es t  of Pagl ia  and  Valent ine  6 
which  was s l ight ly  modif ied  : first,  af ter  mix ing  the  w a t e r -  
hemolysa t e  w i th  an equal  vo lume of twice concen t r a t ed  
Drabk in ' s  reagent ,  the  resul t ing  solut ion was cleared 
f rom the  ghos ts  by  cen t r i fuga t ion  at  10,000 • g for 10 min;  
second,  t he  final  volume of the  assay was scaled down to 
0.615 ml to allow the  use of 0.5 ml  cuvet tes .  Hemoglob in  ~ 
was e s t ima ted  in the  hemolysa te  for the  ca ta lase  assay 
and  in the  h e m o l y s a t e - D r a b k i n  solut ion for the  G S H - P x  
assay.  The specific act ivi t ies  were calcula ted by  re la t ing 
the  f i rs t  order  ra te  c o n s t a n t  of the  ca ta lase  reac t ion  or 
the  ox ida t ion  of N A D P H  in the  coupled  t e s t  to  t he  
hemoglobin  concen t ra t ion .  Thus  the  ac t iv i ty  of cata lase  
was  expressed  in sec -I  g-1 ml, whereas  for GSH-perox idase  
1 un i t /g  H b  equals  the  c o n s u m p t i o n  of 1 ~zmole N A D P H /  
(min • g Hb).  
Resul ts  and  discussion. The specific act ivi t ies  of b o t h  
enzymes  in red cells f rom h u m a n s  and  ducks  are con- 
s i s ten t  wi th  those  r epor ted  in the  l i te ra tureK Despi te  
the  a lmos t  comple te  absence  of catalase,  the  duck  e ry th-  
rocy tes  are adequa te ly  p ro t ec t ed  aga ins t  ox ida t ive  dam-  
age by  the i r  re la t ive ly  more  act ive  g lu ta th ione  peroxidase,  
i.e. an ac t iv i ty  level of the  l a t t e r  of 100 uni t s /g  H b  would 
be expec ted  to  compensa t e  suff ic ient ly  for a to ta l  lack 
of catalase.  Given the  fact  t h a t  the  2 t y p e s  of mice take  
all i n t e rmed ia t e  pos i t ion  be tween  m a n  and  duck wi th  
regard  to blood catalase  ac t iv i ty ,  the i r  G S H - P x  ac t iv i ty  
far  exceeded  t h a t  of the  duck enzyme and  was one order  
of m a g n i t u d e  h igher  t h a n  the  h u m a n  enzyme  (table). 
B o t h  s t ra ins  o f  mice p roved  to have  an equal ly  act ive  
g lu ta th ione  peroxidase ,  which  suppor t s  the  view t h a t  
ca ta lase  m i g h t  be less i m p o r t a n t  for t he  in vivo removal  
of hyd rogen  peroxide  f rom e ry th rocy t e s  t h a n  G S H - P x  s. 

The p re incuba t ion  of h u m a n  red cells in 5 mM N-e thy l -  
male imide  (NEM) or 1 'raM iodoace ta te  (IA) reduced  the  
G S H - P x  ac t iv i ty  by  more  t h a n  8 0 %  to values similar  
to those  r epo r t ed  by  Pagl ia  and  Valent ineK B o t h  in- 
h ib i to r  concen t ra t ions  had  to be raised in order  to  yield 
a comparab le  effect  in duck  e ry th rocy tes .  Bu t  t he  same 
concen t ra t ion  of IA as used for t he  duck was much  more  
effective in the  mouse  red cells, inh ib i t ing  the i r  ac t iv i ty  
to  less t h a n  2% of t he  control .  In  con t r a s t  to iodace ta te  
N E M  in a concen t ra t ion  h ighly  effective in duck cells 
did no t  cause any  inhib i t ion  at  all in mouse  cells. Because 
of increasing hemolys is  in t he  pre incubat ion ,  the  e ry th -  
rocytes  could no t  be exposed  to  a N E M  concen t ra t ion  
beyond  15 mM. 
In order  to rule out  a possible pe rmeab i l i t y  barr ier  for N E M  
in mouse  red cells, a 20% hemolysa te  was p repa red  in 
wa te r  con ta in ing  15 mM N E M  and  incuba ted  under  the  
same condi t ions .  Af te r  the  incubat ion,  this  lysate  was 
d i lu ted  to  5% wi th  wa te r  and  the  G S H - P x  ac t iv i ty  was 
es t imated .  Again no inac t iva t ion  of the  enzyme was 
found when  mouse  red cells had  been t r ea t ed  in th is  way.  
As the  resul ts  for u n t r e a t e d  or inhib i ted  red cells f rom 
h u m a n s  or ducks  show, a failure in the  m e t h o d  is unl ikely 
to accoun t  for the  high ac t iv i ty  of g lu ta th ione  peroxidase  
in mouse  e ry th rocy te s  and  i ts  absence of N E M  sensi t iv i ty .  
F u r t h e r m o r e  th is  h igh ac t iv i ty  is no t  a common  fea ture  
for rodents ,  since red cells f rom ra ts  fed wi th  a d ie t  no t  
def ic ient  in v i t ami n  E and  selenium showed all average 
ac t iv i ty  of 18 uni ts /g  H b  9. B u t  for g lu ta th ione  peroxidase  
f rom ra t  liver, an inhib i t ion  p a t t e r n  has been descr ibed 
which is t he  reverse of t h a t  found in mouse blood, i.e. 
iodoace ta te  induces  none  and N E M  64% inhib i t ion  1~ 
Pur i f ica t ion  s tudies  could reveal  whe the r  the  var ious  
GSH peroxidases  are i soenzymes  and how specifically 
t he  inh ib i tors  affect  t hem.  
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