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ON T H E  I N  V I T R O  I N H I B I T I O N  OF CATALASE B Y  A M I N O  A C I D S  

G. C E R I O T T I ,  L.  S P A N D R I O  AND E. B E R T I  

Centro per lo Studio e la Cura dei Tumori ,  Busto Arsiz io  (Italy) 

The discovery, made by HARGREAVES AND DEUTSCH,  of the anticatalase activity in 
vitro of boiled tumor extracts 1, seemed to provide a new and easy tool for investigating 
the problem of the reduction of the liver catalase act ivi ty observed in tumor-bearing 
organisms. Therefore a preliminary study was undertaken to test the specificity of 
the inhibition principle. No specificity could, however, be observed, because normal 
organ extracts often showed a sharper inhibiting action than tumors 2, 3. Similar con- 
clusions were reached independently by  some Japanese scientists 4. Although the 
problem lost much of its cancerological interest, it was considered important,  from a 
more general point of view, to investigate the substance responsible for the phenom- 
enon. Interest in this research was increased by the fact that  this principle, although 
resistant to heat and acids, seemed to be difficult to isolate 1. Attempts were first made 
to separate the active substance by paper electrophoresis, paper and cellulose column 
chromatography;  as the results of these experiments directed our attention towards 
amino acids, pure amino acids were studied for their anticatalase activity. 

From the literature it appeared that,  among amino acids, cysteine had already 
been rather extensively studied for its anticatalase activity 5-8. 

Active organ extracts were analysed for their content of the more inhibiting 
amino acids and finally the activity of combined amino acid solutions, in proportions 
and concentrations comparable to those of organ~ extracts, was tested. 

EXPERIMENTAL 

Methods and materials 

The  organ  ex t r ac t s  were p repa red  accord ing  to HARGREAVES AND DEUTSCH 1, by  t he  m e t h o d  t h a t  
involves  t he  pur i f icat ion of boiled a q u e o u s  ex t r ac t s  by  alcohol precipi ta t ion.  A detai led descr ip t ion  
h a s  been g iven  prev ious ly  3. T he  ca ta lase  ac t iv i ty  was  m e a s u r e d  b y  t he  m e t h o d  of VoN EULER AND 
JOSEPHSON 9 af ter  two hou r s  i ncuba t ion  a t  o°C wi th  increas ing  a m o u n t s  of the  samples  to be tes ted  
for the i r  inh ib i t ing  ac t iv i ty .  For  the  t e s t  a beef l iver c rys ta l l ine  ca ta lase  of 29,5oo Kat . f .  ( " K a t a l a s e  
fAhigkeit") was  used ;  it  was  p repared  by  a modif icat ion of t he  Sarkar  and  S u m n e r  me thod ,  de- 
scr ibed elsewhere 1°. 

H u m a n  gas t r ic  m u c o s a  f rom ulcer  pa t i en t s  was  used  for mos t  of t he  p resen t  e x p e r i m e n t s  be- 
cause  of t he  h igh  ca ta lase - inh ib i t ing  proper t ies  of i ts ex t r ac t s ;  some  h u m a n  t u m o r s  were also in- 
ves t iga ted .  

Fractionation o/6xtracts 

Paper electrophoresis, paper chromatography and column chromatography on cellu- 
lose powder indicated that  the inhibitory action was distributed among all amino acid 
fractions, no mat ter  which of the three methods was used. These results clearly in- 
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dicated a plurality of inhibiting agents and strongly suggested the implication of amino 
acids in the process. An analysis of the anticatalase activity of the single amino acids 
was therefore undertaken. 

Anticatalase activity o/pure amino acids 

Twenty-three of the more common amino acids were tested. The amino acids were 
dissolved in water. For some of them, because of their slight solubility at neutral pH, 
it was necessary to add some N/Io NaOH or HC1. The solutions were then neutralized 
and diluted immediately to the chosen concentration with phosphate buffer o.oi M 
at pH 6.8. In order to test the possible interference of salts, formed during neutrali- 
zation, on the catalase activity, some experiments were performed with 1% solutions 
of NaC1 and o. I M phosphate buffer at p H  6.8. No influence on the catalase activity was 
noticed, under these conditions. 

The different amino acids were tested at M/ ioo  concentration, under the same 
experimental conditions used for the organs extracts 3. To I ml of freshly prepared 
catalase solution, diluted so that  it has a K 0 of 600. lO -4, 0.2 and 0.4 ml of the solu- 
tions of the single amino acids were added, and the mixture incubated for exactly 
two hours in a refrigerator at o°C. I t  was then diluted with 30 ml of o.oi N H~O 2 in 
phosphate buffer 1/15o M at pH 6.8. The H20 ~ not destroyed was determined at zero 
time and after 3, 6, 9 and 12 minutes at o°C by a 0.005 M solution of KMnO 4, in the 
presence of 30 ml of M H~SQ. 

Several amino acids showed a distinct inhibiting activity on catalase. At a M/ ioo  
concentration the inhibitions were about 60% for cysteine and tyrosine, 50% for 
t ryptophan and 45 % for glutamic acid and cystine. Histidine, methionine, ornithine0 
lysine and leucine showed inhibitions ranging from 25 to 15 %. For the other amino 
acids tested inhibition was IO % or less. This sequence of the various amino acids for 
inhibiting activity was found to be constant; however, the absolute values showed 
variations according to the different batches of catalase used. In fact several months 
ageing of the lyophilized catalase even when stored under vacuum in a refrigerator at 
o°-2 ° C, apparently enhances its sensitivity toward inhibiting agents (Fig. 3). 

The curves obtained by  addition of increasing amounts of amino acid solutions 
to the catalase have the same shape as that  obtained with increasing amounts of 
organ extracts (Fig. I and 2), that  is, after a rather rapid increase, they tend to flatten 
out. Inhibition in connection with incubation time at o°C, was also studied for tyro- 
sine and for a mixture of amino acids and the curve obtained was compared with that  
given by organ extracts. In this case also we observed identical behaviour" the in- 
crease in inhibition is sharp; it reaches its maximum in about one hour and then re- 
mains constant (Fig. 3). 

Analysis o[ emracts o/gastric mucosa and o[ several tumors/or their content o! the 
more strongly inhibiting amino acids 

The inhibiting activity of several amino acids on catalase in vitro, was clearly proved 
by the experiments described. I t  still had to be investigated whether the content of 
amino acids in these organ extracts was sufficiently high to account for all the inhibi- 
tion observed, or whether this could be ascribed to some other factor as well. Therefore 
the organ extracts were analysed for their content of the more inhibiting amino acids, 
namely: cysteine, tyrosine, t ryptophan,  glutamic acid and cystine. 
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Fig. I. Per  cen t  inhib i t ion  of ca ta lase  ac t iv i ty  for in- 
creas ing a m o u n t s  of an  ex t r ac t  of h u m a n  gastr ic  m u c o s a  
(O) and  of a m i x t u r e  of amino  acids ([]) cor responding  to  
t he  a m o u n t s  de t e rmined  in the  ex t r ac t  itself (cysteine 125 7, 
ty ros ine  I4o 7, t r y p t o p h a n  2i  7, g lu t amic  acid i3oo 7, 

cys t ine  59 7 per  ml). 

Fig. 2. Per  cen t  inhibi t ion  of the  cata lase  ac t iv i ty  for in- 
creas ing a m o u n t s  of cys te ine  (O) and  of ty ros ine  (7).  

Fig. 3. Inh ib i t ion  of ca ta lase  as a func t ion  of the  t ime  of 
con tac t  w i th  t he  inh ib i t ing  agen t s :  O ex t r ac t  of h u m a n  
gastr ic  m u c o s a :  o.6 ml ;  [] ty ros ine  600 7; /~  a m i n o  acid 
m i x t u r e :  I ml  con ta in ing  cys te ine  165 7, tyros ine  200 7, 
t r y p t o p h a n  29 7, cys t ine  45 7, g lu t amic  acid 147o 7. The  
sens i t iv i ty  to inhib i tors  of the  b a t c h  of ca ta lase  used  for t he  
expe r i men t s  was h igh  (lyophilized cata lase  s tored  in refrig- 

e ra tor  for several  mon ths ) .  

Methods. The  SH and  SS groups  were de t e rmined  by  po ten t iome t r i c  t i t r a t ion  wi th  si lver n i t r a t e  
accord ing  to  t he  m e t h o d  of CECIL AnD McP~EE TM. 

For  ty ros ine  t he  GERNGROSS reac t ion  wi th  a-nitroso-fl-naphtho113 was  worked ou t  to  a q u a n -  
t i t a t i ve  m e t h o d  which  gave  excel lent  resul ts .  

A deta i led  descr ip t ion  of th i s  m e t h o d  will be g iven  elsewhere.  
The  de t e rmina t i on  of t r y p t o p h a n  was  carr ied ou t  b y  m e a n s  of the  WINKLER reac t ion  14, ac- 

cord ing  to t he  m e t h o d  of SHAW AND McFARLANE 1~. 
A modif icat ion h a d  to be i n t roduced  because  in the  case of o rgan  ex t r ac t s  the  color changes ,  

du r ing  boiling, to  a b rownish  red. The  color is therefore  al lowed to develop for two hour s  a t  room 
t e m p e r a t u r e ;  u n d e r  these  condi t ions  the  sens i t iv i ty  is lower, b u t  t he  b rown  shade  is sufficiently 
reduced  to  allow s e m i - q u a n t i t a t i v e  eva lua t ions .  

W e  found  the  m o s t  conven ien t  m e t h o d  for g l u t amic  acid de t e rmina t ion  to be t h a t  based  
on absorp t ion  on an  a l u m i n a  c o l u m n  according to  t he  Dar l ing  procedure  TM. After  e lut ion wi th  
acetic acid, g lu t amic  acid is de t e rmined  by  nessler izat ion.  R e p e a t e d  control  a s says  wi th  2 5 to IOO y 
of pu re  g lu t amic  acid a lways  gave  q u a n t i t a t i v e  recovery.  

W i t h  t h e  a b o v e - m e n t i o n e d  m e t h o d s ,  t h e  a m i n o  a c i d s  u n d e r  i n v e s t i g a t i o n  w e r e  d e t e r -  

m i n e d  i n  e l e v e n  e x t r a c t s  f r o m  h u m a n  g a s t r i c  m u c o s a ,  t w o  f r o m  i n t e s t i n a l  c a r c i n o m a ,  

o n e  f r o m  i n t e s t i n a l  m u c o s a  a n d  o n e  f r o m  o v a r y  c a r c i n o m a .  T h e  r e s u l t s  o b t a i n e d ,  t o -  

g e t h e r  w i t h  t h e  a n t i c a t a l a s e  a c t i v i t y ,  a r e  t a b u l a t e d  i n  T a b l e  I.  
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TABLE I 

Cysteine ~ Tyrosine y Tryptophan Cystine ~ Glutamio Total Percent Percent inhibition 
acid ~ nitrogen 7 inhibition per i: ml ot the cot- 

per ml o] pcr ml o] ~ per ml per ml o] per ml o] per ml per z ml responding amino 
extract e x t r a c t  o/extract extract extract o] extract o] extract acid mixtures 

Human gastric mucosa 
Human gastrm mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Human gastric mucosa 
Intestinal carcinoma 
Intestinal carcinoma 
Intestinal mucosa 
Ovary carcinoma 

12 8o 12 36 93 ° 86o 78 54 
48 lO4 - -  34 635 lO8O 73 63 
45 175 32 39 5o5 112o 83 5o 
62 12o 20 38 97 ° 112o 87 64 
56 lO5 32 42 117o 116o 63 59 
8o 215 4 ° 51 2670 176o 88 64 

172 200 22 56 888 138o 92 63 
125 14o 21 59 13oo 990 84 72 
165 ioo 12 69 975 94 ° 87 63 
156 16o 18 53 lO6O lO5O 82 60 
165 2o0 29 45 147o 132o 90 72 
118 88 25 51 75 ° 880 60 60 
149 60 IO 66 715 880 64 63 
lO6 12o 17 - -  - -  88o 6o - -  
IiO 80 14 57 84o 760 68 62 

Cysteine, tyrosine, tryptophan, cystine, glutamic acid and total nitrogen content of several ex- 
tracts of human gastric mucosa from ulcer patients, of intestinal carcinoma, of intestinal mucosa 
near the tumor, and of carcinoma of the ovary. 
The per cent inhibition of the catalase activity for i ml of the same extracts is recorded and com- 
pared with the inhibitions observed with I ml of the corresponding mixtures of amino acids. 

I n  t he  s ingle e x t r a c t s  also t h e  t o t a l  n i t r o g e n  was  d e t e r m i n e d  b y  ness le r iza t ion  
(Table  I). 

An  u l t r a v i o l e t  s p e c t r u m  b e t w e e n  230 a n d  320 m ~  was o b t a i n e d  for each  ex-  
t r ac t ,  a f t e r  d i lu t ion  w i t h  N/Io  N a O H  to  a c o n c e n t r a t i o n  co r r e spond ing  to 20 m g / m l  

of we t  organ.  T h e  shapes  of t h e  cu rves  o b t a i n e d  were  i den t i ca l  for al l  t h e  e x t r a c t s  

s tud ied ,  a n d  s h o w e d  a sha rp  m a x i m u m  at  260 m~.  T h e  i n t e n s i t y  of a b s o r p t i o n  a t  th is  

w a v e l e n g t h ,  however ,  d i f fered v e r y  g r e a t l y  f rom one  e x t r a c t  to t h e  o ther ,  i n d e p e n d e n t -  
ly of t he i r  a n t i c a t a l a s e  ac t i v i t y .  T h e  shape  of t h e  curve ,  t he  pos i t ion  of i ts  m a x i m u m  

a n d  t h e  low c o n t e n t  in a r o m a t i c  a m i n o  acids,  espec ia l ly  cons ide r ing  the  h igh  d i lu t ions  
used,  sugges t  t h a t  th i s  ab so rp t i on  is due  to  p u r i n e  a n d  p y r i m i d i n e  bases.  

Action o/amino acid mixtures on the catalasc activity 

The  ana lys i s  of t h e  d i f ferent  o rgan  e x t r a c t s  as to  t he i r  c o n t e n t  in cys te ine ,  ty ros ine ,  

t r y p t o p h a n ,  cys t ine  a n d  g l u t a m i c  acid,  enab l ed  us to  r e c o n s t i t u t e  p a r t i a l l y  these  
e x t r a c t s  w i t h  pure  a m i n o  acids,  in o rder  to  tes t  t he i r  a n t i c a t a l a s e  ac t i v i t y .  

T h e  m i x t u r e s  were  m a d e  w i t h  n e u t r a l i z e d  a m i n o  ac id  so lu t ions  a n d  were  d i lu t ed  
w i t h  p h o s p h a t e  buffer  0 .0I  M at  p H  6.8. 

T h e  i nh ib i t i on  d a t a  o b t a i n e d  b y  a d d i t i o n  of I ml  of t he  d i f ferent  m i x t u r e s  to  t h e  

ca ta l a se  so lu t ion  are  c o m p a r e d  w i t h  those  ex ib i t ed  b y  t h e  s a m e  a m o u n t  of t he  cor-  
r e spond ing  e x t r a c t s  (Table  I). As can  be  seen f rom t h e  tab le ,  t h e  i nh ib i t i on  o b t a i n e d  
wi th  t h e  a m i n o  ac id  m i x t u r e s  gene ra l ly  r eaches  a b o u t  6o %, t h a t  of t h e  co r r e spond ing  
e x t r a c t s  a b o u t  80-85  %. 

H o w e v e r ,  t h e  r e c o n s t i t u t i o n  of t h e  e x t r a c t s  was  on ly  p a r t i a l  because  on ly  five 
a m i n o  acids  were  t a k e n  in to  accoun t .  T h e r e  are  m a n y  o t h e r  l ess - inh ib i t ing  a m i n o  acids  
wh ich  cou ld  also be  p re sen t  in r a t h e r  large  a m o u n t s ,  as t he  h igh  t o t a l  n i t r o g e n  con-  
t e n t  of t he  e x t r a c t s  seems to ind ica te .  
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DISCUSSION 

I t  is rather difficult at present to explain how different amino acids may exert an analo- 
gous inhibiting activity on catalase. 

In the case of cysteine, glutathione and the ovomucoid 16 the action has been 
at tr ibuted to the presence of the SH group. Inhibition of catalase has in fact also 
been observed with HzS, which combines with the haem group 17, with thioglycolic 
acid and with th ioure#;  it is likely that  this action is due to the formation of an in- 
active complex. The formation of this complex, as shown by activi ty measurements of 
catalase after addition of cysteine, at first proceeds rapidly, then the curve flattens 
out and is dependent on the ratio of cysteine to catalase 8. We observed the feature on 
adding cysteine as well as the other inhibiting amino acids to catalase. 

I t  seems therefore reasonable to assume that  each of these amino acids may form 
an inactive complex with catalase. Competitive equilibria may  exist among the various 
amino acids for the point of a t tachment  to the enzyme molecule, depending both on 
their different affinities and on their different concentrations. 

The interference between catalase and some amino acids could have some bearing 
on the metabolism of the latter; in fact, as has been demonstrated very recently TM, 19, 
catalase enters into the metabolism of tyrosine by making possible, in conjunction 
with another unidentified protein, the transformation of p-hydroxyphenylpyruvic to 
homogentisic acid. 

S U M M A R Y  

The n a t u r e  of the  factor,  p resen t  in t u m o r s  and  no rma l  organs  ex t rac ts ,  t h a t  inh ib i t s  ca ta lase  in 
vitro has been inves t iga ted .  Ev idence  has  been presen ted  for the  p l u r a l i t y  of the  inh ib i t i ng  agents .  
These  h a v e  been ident i f ied as severa l  amino  acids  by  di rect  d e t e r m i n a t i o n  of the  an t i ca t a l a se  ac- 
t i v i t y  of amino  acids, by  ana lys i s  of e x t r a c t s  and  by  the  p a r t i a l  r econs t i t u t i on  of these  e x t r a c t s  
w i th  pure  amino  acids. The m e c h a n i s m  of th i s  in ter ference  be tween  amino  acids  and  ca ta lase  and  
i ts  possible signif icance h a v e  been br ief ly  discussed. 
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