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SUMMARY 

I. The oxidation of ethanol by a mixture of H202 and catalase has been studied. 
By using a I • I06-fold excess of ethanol (H2A) over H202, the competition between 
ethanol and H~O 2 for the active enzyme-substrate  complex (CI) has been demon- 
strated. 

2. Under conditions where ethanol competes for CI, the overall second-order 
rate constant (kI~) becomes a function of the ratio of the concentrations of ethanol 
and H202 (R). An increase of R causes a decrease of kR. 

3. From the dependence of kH on R the individual rate constants of the peroxi- 
datic mechanism of catalase action have been calculated. 

i 
E + H~O.2--+ C I kl = (5.6 =c o .5) '1o  6 M-X'sec 1 

4 
CI + H . 2 0 , - + E  + 0. 2 + 2 H 2 0  k 4 = (1.2 ~ o . i ) . i o T M - l . s e c - 1  

5 
Ct + H2A - + E  + A + 2H.20 k 5 = (1.8 -E o.4)'IO2 M l"sec-1 

4. From these results a steady-state saturation of 3o% of catalase hematins by 
H202 during the catalatic reaction has been calculated. 

INTRODUCTION 

The essential feature of the peroxidatic mechanism of catalase action is the 
competition between H202 and acceptors, such as ethanol, for the active catalase 
-H202 complex (CI) (ref. I). A quanti tat ive study of this competition, however, has 
not been made. The formation of aldehyde in a system containing catalase, ethanol 
and H20 z (supplied continuously at a low concentration) has been demonstrated by 
KEILIN AND HARTREE I. The effect of ethanol on the disappearance of CI has been 
studied spectrophotometrically by CHANCE a-5. In the latter experiments the concen- 
tration of free H202 was practically zero, i .e.  measurements commenced after the 

" Present  address: Depar tmen t  of Physical Chemistry, Hebrew University, Jerusalem, 
Israel. 
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ca ta la t i c  react ion was (~ver. ( :ompet i t ion  between He(),, and  e thanol  had thus  been 
v i r tua l ly  e l imina ted .  

By using a I • Io  ~ I - Io6-fold excess of e thanol  over  H2()2, the ac tua l  compet i t ion  
between H20,, and e thanol  for the  ac t ive  in t e rmed ia t e  can be observed.  In addi t ion ,  
the  analysis  of  the  exper imen ta l  resul ts  allows the calculat ion of the  indiv idual  ra te  
cons tan t s  of  the  pe rox ida t i c  mechanism of ca ta lase  action.  

E X P E R I M E N T A I .  

Materials 
Calalasc. Twice-crys ta l l ized  beef  l iver ca ta lase  of Sigma was subjec ted  to 

fur ther  purif icat ion.  The commercia l  c rys ta l l ine  suspension was dissolved in a co-fold 
excess of cold o.o~ M phosphate ,  pH 7. Catalase  was p rec ip i t a t ed  by add ing  4o°i, 
(w/v) (NH4)2SO 4. After  cent r i fugat ion ,  the  colorless supe rna t an t  was discarded,  and 
the p rec ip i t a te  was dissolved in a small  amoun t  of water .  I t  was d ia lyzed  for several  
days  agains t  dis t i l led wa te r  in a cold room unt i l  a c rys ta l l ine  p rec ip i t a te  appeared .  
Tile c rys ta ls  were collected and dissolved in a few drops  of 5°4 ammonia .  After  the  
remova l  of insoluble residues, the  solut ion was d ia lyzed  for another  e days  agains t  
o.oI  M phosphate .  The solut ion was then passed th rough  a Sephadex (;-2oo column. 
2-ml f ract ions  were collected. The pur i ty  index of the  fract ion used as a ca ta lys t  was 
o.92. (The pur i ty  index is defined as the  ra t io  of the  absorbance  at  4o5 and 275 nm). 
The concent ra t ion  of cata lase  was de te rmined  from the absorbance  at  4o5 nm. The 
ex t inc t ion  coefficient of e' 34 ° cm ' . ram ' was used. Beef l iver cata lase  conta ins  
3 hemat in  groups.  Thus the concent ra t ion  of hemat in  is a lways  3 t imes as high as 
t ha t  of  ca ta lase  itself. The enzyme decomposed H2() 2 with a second-order  rate  con- 
s t an t  of/}1' 2.3" Io v M ~.sec -~ (in cata lase  units).  35-4 ° #M stock solutions were 
kep t  in a re f r igera tor  for several  months  wi thout  a loss of ac t iv i ty .  2o- t imes-di lu ted  
solut ions  from the stock which were d i rec t ly  used for kinet ic  exper iments  re ta ined  
thei r  full a c t i v i t y  for over  a month .  A single d i lu t ion of ca ta lase  was used for all 
expe r imen t s  in a series at a cons tan t  concent ra t ion  of alcohol and  va ry ing  concen- 
t ra t ions  of H20,~. 

H202. A p p r o p r i a t e  d i lu t ions  of a~o°'/o HaO2 (certified A.C.S.) of Fisher  were used. 
Other  mate r i a l s  were of  ana ly t i ca l  grade.  

Methods 
eo ml buffered e thanol  solut ion were in t roduced  into an e r lenmeyer  flask. Ioo/xl  

of  H202 were added  and the mix tu re  was r ap id ly  s t i r red  with a magnetic: s t i r re r ' .  The 
react ion was then in i t i a t ed  by  p lunging  into  ti le mix tu re  Io/~1 of the  ca ta lase  solut ion 
p laced  on the f la t tened  end of a glass rod. (Catalase was kep t  in a vial  s t and ing  in all 
a luminum block su r rounded  b y  crushed ice.) Af te r  the  lapse of a su i tab le  t ime inter-  
val, the  react ion was t e rmina t ed  by  inject ing I M t r ichloroacet ic  acid from a 2-ml 
syr inge from which the  meta l  needle had  been removed  (to p reven t  con tamina t ion  of 
the  quenching solution).  Cal ibra t ion  with  wate r  showed t h a t  in this  way' 2.oI ml 
solut ion could be t rans fe r red  wi thin  o.z sec with a precision of ± o.o5°/{,. Aliquots  of 
the quenched react ion mix tu re  were wi thd rawn  for the  de te rmina t ion  of H20.~. The 

In e x p e r i m e n t s  w i t h  i m M  H,2()2, to--ml s o l u t i o n s  o f  b u f f e r e d  He()  2 a n d  e t h a n o l  w e r e  
m i x e d  j u s t  p r i o r  t o  i n i t i a t i n g  t h e  r e a c t i o n .  
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reac t ion  was then  r epea ted  by  va ry ing  the  reac t ion  t ime.  A kinet ic  run  consis ted of 

7 8 independen t  exper iments .  
H20 ~ was de te rmined  in a concent ra t ion  range ex tend ing  from o.5/~M to 5 mM, 

in the  presence of a large excess (up to I • Io6-fold) of  e thanol .  In  the  mmola r  range 
H20 e was de te rmined  b y  iodometr ic  t i t r a t ion ,  o.5 g NaHCOs had  been added  to the  
solut ion (containing excess acid) to provide  an a tmosphere  of  CO s dur ing  the t i t ra t ion .  
The t i t r a t i on  flask was sealed with  paraf i lm and  the  cover was punc tu red  with  the  
t ip  of  the  bure t te .  A few drops  of  3% (NH4)eMoO a were used as a ca ta lys t ,  o.I  mM 
and  less H20 ~ were de te rmined  spec t ropho tomet r i ca l ly  6. The H202 solut ion was added  
to a vigorously s t i r red  solut ion of  IO mM (NHa)zFe(SOa) z in 1:4 H2SOa- This solut ion 
is ve ry  s table .  The solid sal t  conta ins  a t race  of  Fe  3+, bu t  in the  absence of  H202 no 
add i t iona l  ox ida t ion  of Fe  2+ occurs dur ing  several  hours.  The solut ion was p repared  
freshly every  ha l f  day .  The Fe  a÷, formed by  the  add i t ion  of H202, was de te rmined  
b y  adding  KSCN and by  measur ing  the absorp t ion  at  48o nm on a Zeiss M 4 QI I  
spec t ropho tomete r .  

T A B L E I  

Range of [H202~ o.oz M Fe 2+ HzO 2 2. 5 M K S C N  Final 
determined added added added vol. 
(12M) (ml) (ml) ¢ml) (ml) 

i oo  - 5 0 0  5 ( + 3  ° m l  H 2 0 ) *  2 4 5 ° 
t o  5 ° 2 io  2 25 

I - 5 2 IO 2 25 
0. 5 -  2. 5 2 IO I 13 

* I m p r o v e d  l i n e a r i t y  w a s  o b t a i n e d  b y  d i l u t i n g  t h e  Fe  ~+ so lu t ion  w i t h  w a t e r  p r i o r  to  t h e  
a d d i t i o n  o f  H zO  2. 

Two factors  l imi t  the  sens i t iv i ty  of  this  de te rmina t ion .  
(I) Fe  a+ is complexed  b y  phospha te  used as a buffer. This  interference was 

reduced  b y  increasing the  concentra t ion  of KSCN (0.2 M in the  final mixture) .  Cali- 
b ra t ion  curves were ob ta ined  at  the  same concent ra t ion  of  phospha te  as were used 
in the  kinet ic  exper iments .  

(2) Fe 2+ induces the  ox ida t ion  of e thanol  b y  H20 e and thus  reduces the  amoun t  
of Fe  s+ formed.  This  side react ion was minimized  by  adher ing to the  condi t ions 
summar ized  in Table  I. Fo r  each concent ra t ion  of e thanol  a separa te  ca l ibra t ion  curve 
was taken*. Fo r  0.I  mM and I0  #M H202 the absorp t ion  was measured  in a I - cm cell 
and  a single b lank  solut ion for all de te rmina t ions  was sufficient. Fo r  i /~M H~O 2 a 
5-cm cell was used. Because of  the  increased absorp t ion  of  the  b lank  solut ion (due to 
i ts  Fe  s+ content) ,  i t  was run s imul taneous ly  with each de te rmina t ion .  The ca l ibra t ion  
curves thus  ob ta ined  were mos t ly  l inear  and  very  reproducible .  The error  in the  deter-  
mina t ion  of H~O 2 was 1-2°/o . 

* F o r  I M e t h a n o l  a n d  o . i  m M  Hz O 2 t he  o r d e r  of  a d d i t i o n  of  r e a g e n t s  was  r e v e r s e d :  
H ~ O 2 - H , O - F e  ~ .  
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R E S U L T S  

All  e x p e r i m e n t s  were  p e r f o r m e d  a t  p H  7.0 in o.o(} 7 M p h o s p h a t e  /rafter .  T h e  

t e m p e r a t u r e  w a s  24 k I °. T h e  c o n c e n t r a t i o n  of  H 2 0  2 i n v e s t i g a t e d  e x t e n d e d  f rom 

o.8 to  5 mM.  T h e  c o n c e n t r a t i o n  of  e t h a n o l  v a r i e d  b e t w e e n  o.25 M a n d  I M. ( ' a t a l a s e  

c o n c e n t r a t i o n  w a s  he ld  v i r t u a l l y  c o n s t a n t  a t  o.8--o. 9 nM. 

D e t a i l s  of  a t y p i c a l  e x p e r i m e n t  a re  s h o w n  in T a b l e  I I .  T h e  sym/){}l 0 den{}tes 

i n i t i a l  c o n c e n t r a t i o n .  

TABLE I 1 

!( atalasei0 - o.92 nM; Lethanol]o -- 1.oo M; temp., 2 4 ;  pl t 7.o. 

t Absorb~,uce /H.~() 2 :.I z o  s 6 t log/H~Oe 
(see) (cm -U ( M )  

o o.3O 4 2.5~ I "4 [ 2 

Io o.3~ 4 2.2~ 1.344 
2o o.276 1.9-I i . 2 ~  
3 ° 0 . 2 3 9  1 .{}l~) 1 . 2 1 0  

4 5  0 " I 8 5  1.2)" I . I (}  4 

6 0  0 .  I 5 I 1 . 0 3  1 . 0 1 3  

,~0 O. I 1 2  {). 7 {) ( } . $ 8  I 

A t 2' 08 06 \*  

04 " % \  06 "" -. 

- PBo 20 ~ ~o 8o~ PO 40 

20 40 60 80~c 20 .;0 60 80see 

,4 ~....% C 

to x . . .  

20 40 60 80sec 

Fig. I. First-order plots of the disappearance of H~O 2. [Ethanol[0 = i.oo M; pH 7.0; temp.. 2.t'. 

[ C a t a l a s e ]  o [ H 2 0 ~ ]  o 
(~,,M) (f f3I ) 

A 0.925 t75 ° 
13 o.920 t81 
C o.920 25.S 
I) 0.920 0.33 
1£ 0.920 2.4o 
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TABLE III  

Temp., 24°; pH 7.o. 

203 

0.25 M ethanol 0.50 M ethanol LO0 M ethanol 

[ H 2 0 2 ]  hH X 10  - s  [ H 2 0 2 ]  kH × zo  -6 [ H 2 0 ~ ]  kH X 10 -6 
(IxM) ( M  i.  sec-1) (ixM) (M-l .sec-1)  (izM) (M-1.  sec-1) 

45 °0 7.34 461o 6.4 ° 4750 6.20 
291 7.1o 31o 6.4 ° 181 6.o2 

26. 4 6.57 296 6.43 25.8 5.56 
6-30 6.17 25.5 5.94 6.33 4.85 
2.58 5.7 ° 5.1o 5.4 ° 2.40 4.83 

2.50 5.24 
1.36 4.93 

First-order plots of a series of experiments at constant ethanol concentration 
and varying initial concentrations of H2Q are shown in Fig. I (the data of Table I I  
included). Second-order rate constants on hematin basis, kri, were calculated by 
dividing the first-order rate constants by 3" [Cat]0- Values of kri obtained at different 
initial concentrations of ethanol and H20" are summarized in Table I I I .  

log kH as a function of log/~ (the average ratio of the concentrations of ethanol 
and H20~) is plotted in Fig. 3- 

DISCUSSION 

Our discussion is based on the peroxidatic theory of catalase action. 

Scheme A 

I 

E + H20  * + CI 

4 
CI + H20~--+ E + 02 + 2 H20 

5 
CI + HzA --+E + A + 2H.,O 

E denotes catalase hematin. HeA stands for an acceptor (ethanol). 
The rate law for the disappearance of H,Oz in the steady state is given by: 

I dln [H20~] 2 k~ + k~ R 
kH = k 1 (I) 

[E]o d/ (k 1 + k4) + k 5 R 

R = [HzA~/[H~02] ; kH is a function of R. For k 4 >> ksR, kH becomes 2/[(I/k1) + (I/k4) 1 
which is the usual rate constant for the catalatic decomposition of H202. I f  k 4 << ksR, 
kH is equal to k 1. 

Thus the s tudy of the overall rate of disappearance of H202 provides a method 
for calculating individual rate constants of the peroxidatic mechanism of catalase 
action. 

In order to observe significant changes of kri, a substantial fraction of H202 
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mus t  be consumed dur ing the react ion in the  oxida t ion  of the  acceptor .  In addi t ion ,  
this  f ract ion should va ry  both  below and above  o. 5. In view of the  high reac t iv i ty  ~d 
( ' l  with HeOe, this  condi t ion requires  t ha t  the acceptor  should be in a large excess 
over  HeO e. This is achieved by  reducing the concent ra t ion  of He(),, to I #M. 

According to Eqn.  I, ku  can increase or decrease by increasing R, depending  
on whether  k 1 is grea ter  or less than  k 4. l : o r  /e I /CI, kn becomes independent  of R. 
An inspect ion of Fig. 3 reveals  t ha t  fl)r beef liver cata lase  k 4 -> /q. 

A family  of curves:  f .... (2 - .r)/ {i + (kl/k4)' ~ i .vi have been ca lcula ted  for 
different  ra t ios  o f / q  and lq. A selection of them is shown on a logar i thmic  scale in 
Fig. 2. f and  x are re la ted  to kn  and R by  the  equa t ions :  kH /q j  and R (k,/ka).v. 
Thus  the  log kn  vs. log R curves can be super i lnposcd d i rec t ly  on the log . /  ~,,~. h~g .v 
curves by  app ly ing  the coordina te  shifts log kH and log (/q/ka). Pairs of values of 
log kH and  log R have been ca lcu la ted  from the d a t a  of Table  1II and are ph~tted in 

k4= 2 k  I 
0 4 ~  k4= IOk I /' 

= i ", 
-04- :  k4.= k, 

- 0 6 i  - -  k4= Oi k, ~,~,r* ~ 

- 0 8 ~  ' ~ ~ - - - -  + -~--  / 

- 3  - 2  - ~ -  ' 6 - - ~  ~,o 
log x 

Fig. -'. Calcula ted  curves  of  loK f. 

Fig. 3- log kll as a func t ion  o f h ) g  /~. pH 7.o: temp. ,  2 . t '  E t h a n o l ,  
i .oo M (('). 

680  log k .  ~, 

20 25 ~o 35 qo 45 50 

68O 

6~'5 ] 
rag% ~ , . .  

r ..% 
670 j log R 

6Bo; :'s {o L &<-4T.~- ~:, ~7,- 

10g k " ~  

665 ] Iog~ 

W ;o TF- 7oo W ~% ~W-7o 

= o.z 5 M C\]. o.5o M (1',). 

Fig. 3 toge ther  with the bes t - f i t t ing curves.  For  R (the changing rat io  of the 
concent ra t ion  of e thanol  and  HeO 2 dur ing  the  reaction) i ts  average value R has 
been subs t i tu ted .  For  ti le purpose  of ca lcula t ion the  react ion t ime has been l imi ted  
to the  first half-life. The pa rame te r s  of the  best- f i t t ing curves are summar ized  in 
Table  IV. The ind iv idua l  ra te  cons tan ts  are given in Table  \ : .  The value of k~ 
varies with the  concent ra t ion  of alcohol. I ts  l imi t ing value in pure aqueous solut ion 
is (5.6 ± o.5)"1o 6 M u -sec 1. I t  has been ca lcu la ted  from kH 7.65-lO ~ M -~ -sec 
(obta ined  in the  absence of e thanol)  t ak ing  (k4/kj  --  2.2. The  corresponding value of 
k a is  ( I . 2  ~- o . I ) " I O  7 M - l ' s e c  1. 

The accuracy  in the  de te rmina t ion  of k s is low. I t  is due to the  very low re- 
ac t iv i ty  of e thanol  towards  CI and to the  inab i l i ty  to ex tend  the measurements  to 
even higher  concent ra t ion  ra t ios  of e thanol  and  H20 e. The average value of k a from 
Table  V is (1.8 4- o .4 ) '1o  2 M - l ' s e c  ~. 
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TABLE IV 

Temp., 24°; pH 7.0. 

[E thano l ]o  k4/k a log k 1 log (k~/k 5) 
(M) 

o.25 2.40 6.704 4.7 ° 
0.50 2.o 5 6.676 4.86 
I.OO 2.20 6.654 4.80 

205 

From our rate constants a very nearly 30% saturation of catalase hematins is 
calculated in the steady state. This value is in fair agreement with previous estimates 
of this ratio. However, the basis of these calculations must be examined. 

All methods for the calculation of individual rate constants of the mechanism 
of catalase action are based on the measurements of ki~ = 2/{(I/kl) + (I/k,)} and 
of another quanti ty composed of k I and k a. 

One method has been based on the measurement of the relative changes of 

TABLE V 

Temp., 24°; pH 7.0. 

[E thano l ]o  hi × ~o -°  k4 × lO -7 k5 × xo  -2 
( M )  ( M  -1.  sec -1 ) ( M  -1.  sec -1 ) ( M  -1.  sec -1) 

0.25 5.06 1.22 2.4 
0.50 4-74 0.98 1. 4 
I.OO 4.51 o.99 1.6 

absorbance accompanying the formation of the pr imary catalase-H~O 2 and catalase- 
methylhydrogen peroxide (ethylhydrogen peroxide) complexes3, 7. On the assumption 
that  these complexes have identical extinction coefficients at 405 nm, and that  
the primary alkylhydrogenperoxide complexes are formed quantitat ively in an 
excess of the respective alkylhydrogenperoxides, a 22% saturation of catalase 
hematins by H202 has been calculated. This value does not differ substantially from 
the 30% calculated above. However, the assumed identity of the extinction coeffi- 
cients cannot essentially be proven. 

An alternative procedure has been based on the measuring of the extent of 
binding of cyanide by  a reaction mixture of catalase and H,O 2 (ref. 7). The differ- 
ential absorbance of a mixture of catalase, cyanide, and H,O~ against a pure catalase 
solution of equal strength (at a wavelength where catalase and the catalase-H20 * 
complex are isosbestic) has been denoted by A s. The differential absorbance of an 
identical solution of catalase and cyanide but without H20 ~ against pure catalase is 
denoted by A 1. The degree of saturation of catalase hematins by H20 * in the presence 
of cyanide is then given by : 

[C,], A, [ C N - ] o -  [ECN-]I [E]I [ECN-], 
- ' - -  ( 2 )  

[Elo A~ [ C N - ] o -  rECN-~, [E]o [E]o 

B i o c h i m .  B i o p h y s .  Ac ta ,  198 (197 o) 199-2o9 
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The subscripts i and 2 denote the two experiments referred to above*. The 
derivation is based on a simple equilibrium between catalase and cyanide:  

l q  
E d- CN-  ~ H CN 

I t  should be noted tha t  Eqn. 2 is valid regardless of whether or not CN 
disturbs the established s teady state between catalase and H20,,. I f  CN - does not 
disturb the ca ta lase-H20 e s teady state, as assumed previouslyV, a, a constant  value 

T A B L E  VI 

[El0 : 3,4 ffM horse  liver ca ta lase ;  [ H 2 ( ) 2 1  o - -  IO [ t M ;  K. i  ~ 4 I tM. Da t a  of  (;HA*NC~';L 

/(5~\;-/0 /GA . t ,~ [c:v-/,~ 
( f f M )  I - - ( f f M )  

fE]o A1 

0. 4 0.62 0.44 0.29 
o.8 0.53 o.38 0.55 
2.0 0.35 0.27 1.42 
4.0 0.36 0.30 3.05 
8.0 0.24 0.20 6.36 

2 0  0 .  I 8  o.18 17. 7 
5 ° 0 . 0 ~  0 . 0 ~  4 7 " '  

2 0 0  0.0.~ - 

of [Cl],a/[E]o is expected at all values of  [CN-]0. The da ta  of Table VI do not show 
such a behavior. If, however, CN-  displaces H.,O 2 from q ,  then [E 0 / [q]e  should 
va ry  linearly with [CN 12- 

rE]o /<, (kJ,h) 
-- = I ~ -  ~ - - - I t ; N  !2 (3) 
[CI]2 k~ 1¢~ 

B y  e x t r a p o l a t i o n  o f  [E]o/iCi], a t o  z e r o  c y a n i d e  c o n c e n t r a t i o n ,  t h e  d e g r e e  o f  

s a t u r a t i o n  o f  c a t a l a s e  h e m a t i n s  b y  H 2 0  2 i n  t h e  a b s e n c e  o f  c y a n i d e  c a n  be  e v a l u a t e d .  

T h e  d a t a  o f  F i g .  4 s h o w  a m o r e  c o m p l i c a t e d  b e h a v i o r  t h a n  i n d i c a t e d  b y  E q n .  3. F r o m  

6 
5 

[ E ]  ° 4 

[cI] ~ 3 
2 

I 

/ /  

• / / /  

0 5 % - i %  2B 

Fig. 4. The  reciprocal  degree of  s a t u r a t i o n  of ca ta lase  by  I12() 2 as a func t ion  of the  free cyan ide  
concen t ra t ion .  ([CN-.] 2 in ffM). [E]o = 3.4 ffM horse  liver ca ta lase ;  [H~O2] o = I o ~ M .  D a t a  of 
C H A N C E  7. 

* The  q u a n t i t y  i -- (A,a/AJ has  p rev ious ly  been t a k e n  as a m e a s u r e  of  [Cl]J[E]0.  This  
impl ies  t h a t  the  fo rma t ion  of  E C N fronl E and  CN - is quan t i t a t ive% However ,  in view of t he  
m a g n i t u d e  of / ( /  and  of the  range  of [CN-]0 employed ,  th is  a s s u m p t i o n  is genera l ly  no t  valid.  
I - -  (A2/A1) and  [CI]~/[E]o agree well a t  high [CN-]o. At  low [CN ]0, however ,  I -- (/12/zl~) gives 
too low va lues  for [CI]J[F.]o. 
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the initial part of the curve a 65% saturation can be calculated at zero cyanide 
concentration. This value deviates greatly from previous estimates of this quanti ty 
and also from the value reported in this work. The reason for this discrepancy is not 
clear. It  is possible that the system containing cyanide is more complex than assumed 
in this treatment. 

Another relation between kl and k 4 can be obtained from a study of the rate of 
formation of CI in the pre-steady state. Denoting the steady state concentration of 
CI by [CI]s and assuming a constant concentration of H202, [H202] o, during the 
build-up of CI, we obtain 1 

[CI]~ 
In (kl -7 k4) [H,O,]o t (4) 

[ c i ] ~ -  [c~] 

The respective absorbance decrements can be substituted for CI. The knowledge 
of the extinction coefficient of CI is not required. The value k 1 + k 4 = 1.6-10 T M -1. 
sec -1 has been obtained for horse erythrocyte catalase 1. From steady state studies on 
the same system klk4/(k 1 + k4) ~ 4-4" lO6 M-1 "sec-1 has been calculated. These two 
data are incompatible since complex numbers for k 1 and k a are calculated from them. 
(By the way, this calculation cannot distinguish in principle between k 1 and k,.)" 

It  is concluded from the preceding discussion that competitive oxidation 
presently provides the most reliable method for the calculation of individual rate 
constants. In particular, all experiments from which k 1 and k 4 have been calculated 
were performed using the same concentration of catalase. In all the other methods, 
decomposition experiments were performed using nmolar (and lower) concentrations 
of catalase, while a second set of experiments was performed using several/,molar 
concentrations of catalase. The iooo-fold gap in catalase concentration between the 
two sets of experiments may be partially responsible for the observed discrepancies. 

The value of k 5 = 1.8. lO 2 M -~. sec -1 is considerably smaller than the accepted 
one of IOOO M -1 -sec -1 (refs. 3-5). It  is to be noted that the present value was deter- 
mined under experimental conditions, where CI was involved in the decomposition of 
the bulk of H~O 2. The previous one had been obtained at a very late stage of the 
reaction when practically all the H202 had been decomposed. For this reason, the 
lower value more likely represents the true rate constant of the reaction between 
ethanol and CI. 

D I S C U S S I O N  B A S E D  ON THE E X T E N S I O N  OF THE P E R O X I D A T I C  MODEL OF CATALASE 

ACTION 

The previous discussion was based on the peroxidatic model of catalase action 
(Scheme A).  However, the results of experiments using high concentrations of H202 
make an extension of this basic scheme necessary9,10. Several modifications have been 
proposed. 

Mechanism B, forwarded by OGURA 9, is based on the formation of a biperoxy 

* NICHOLLS s ca lcu la ted  18% (or 82%) s a t u r a t i o n  of horse e r y t h r o c y t e  ca ta l a se  b y  H,O 2. 
His  ca lcu la t ion  is based  on t a k i n g  k 1 = 0.70. i o  7 M -1 .sec-X from Table  I of  ref. I. However ,  th i s  
va lue  dev ia te s  g r ea t l y  f rom the  average  and  was ob ta ined  us ing the  lowest  in i t i a l  H ,O 2 concen- 
t r a t ion .  There  seems to  be no jus t i f ica t ion  for th is  a r b i t r a r y  choice of k 1. 
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complex  of catalase .  There  are two var ia t ions  of this  scheme. In Scheme B1, the 
b ipe roxy  complex  is assumed to be ca t a ly t i ca l ly  inact ive .  

Scheme B 1 

I 

l- -]- H~()2~'- CÀ 
2 

0 

(:I H2()~ ~ Cl' 
7 

4 
CI ~ H2() 2-+E ~ ()~ ~ 2 t-[~() 

5 
CI.t- H2A ->E ~ A I 2 H 2 0  

In  Mechanism B2, CI' is a ssumed  to be ca t a ly t i c a l l y  act ive.  

Scheme B e 

I 

E 4 H~() 2 ~ C1 
2 

0 
C~ ! H 2 ( ) 2 ~ ' C I '  

7 

3 
CI' -+E } O, a ~ 2H2() 

5 
Cl [ H2A ~ E  + A ~ 2 H~() 

In Mechanism C the existence of two monope roxy  complexes  is assumed,  in 
ana logy  to Fe  a+ and hemin ca ta lys i sn , lE  The mechanism of BRILL 13, pos tu la t ing  a 
pa r t i a l  ox ida t ion  of  the  po rphyr in  ring, belongs also to  this  ca tegory .  

Scheme C 

I 

1'2 t t42()2<~ Ci 
2 

3 
C1 -~ (-;1I 

4 
Cn+HzO z ->E b ()z b 2 H~O 

Cn + H~A -~E + A-~- 2H20 

All  three  mechanisms  make  i t  poss ib le l to  account  for the  p resen t ly  avai lable  
expe r imen ta l  results.  Express ions  for kit  have  been ob ta ined  on the  basis of all three  
of them.  These are summar ized  in Table  V I I  toge ther  wi th  thei r  (partial)  decompo-  
si t ion to ind iv idua l  ra te  constants .  K (in B ~ ) ~  (k a q--kT)/k6 and Km (in C) 
(te a + ka)/k ,. The expressions are va l id  at  low [H202], where  the  ra te  of decomposi t ion  
of H202 in the  absence of e thano l  is s t r i c t ly  f i rs t -order  wi th  respect  to  [H202 . Under  

Biochim, Biophys. Acta, i98 (I97 o) i99-2o9 



PEROXIDATIC ACTIVITY OF CATALASE 

T A B L E  VII  

209 

Mechanism kH Individual rate constants 

2 k4 + k~R 
A k 1 - -  hi h4 k5 

(k 1 + k,) + ks R 

2k4 + k sR  
B 1 kl kl k4 h5 

(k I + k4) + k 5 R 

(2 h3 /K ) + k 5 R 
B2 kx kx k3]K k5 

(h 1 + (k~/K)) + h5 R 

2 k 4 + k~R 
C (k~/~:m) k3/Km h~ k~ 

((k3/Km) + k4) + k 5 R  

these circumstances Scheme B 1 degenerates into Scheme A.  ks /K in Scheme B 2 corre- 
sponds to the bimolecular rate constant of the reaction between CI and H20 s, if we 
assume that a ternary complex CI' is formed between them. k I becomes k3/Km in 
Scheme C. In the special case when k s << ks, k3/Km = kl. 

It  is seen from Table VII  that the meaning of the individual rate constants is 
not essentially changed in any of the extensions of the peroxidatic mechanism. In 
particular, kn, the rate constant of the reaction of the active intermediate with the 
acceptor is obtained in the same way in all cases. 
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