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SUMMA RY  

I. Horserad ish  peroxidase  donor :  H20 = oxidoreductase ,  EC i . i i . I . 7 ) ,  Con> 
pound  I, is shown to react  with I- to yield a fe r r iperoxidase- iod ine  complex.  The 
complex  has a spec t rum similar  to t ha t  of fer r iperoxidase  (the unmodif ied enzyme),  
which suggests  t ha t  the  ox ida t ion  s ta te  of  the  heine moiet ies  of  the  two species is the  

Sa I / l e .  

2. Fe r r ipe rox idase - iod ine  reacts  very  r ap id ly  with H=O2 to give Compound  1 
and  an iodine-conta in ing  product .  I t  reacts  with reducing agents  to give fer r iperoxi-  

dase and i , 
3- The main  p a t h w a y  for the  horseradish perox idase-ca ta lyzcd  ~xidat ion ~,f I 

can p robab ly  be charac te r ized  as:  

Compound I 4 I-~(err ipcroxidase-iodinc 
ferriperoxidase iodine f 1f~()~ -, Compound I { product{s) 

A side p a t h w a y  ident ical  with the mechanism descr ibed by  CHAXC>; a," and by 
()EORGE a-5 contains  the react ion s teps 

fcrriperoxidase H~a{ )~ * Compound I 
(2ompound 1 i 1 -~Compound II { product(s) 
Compound I1 I - ferriperoxidasc }-- product(s) 

4- When  the  H~O2 concent ra t ion  is op t ima l  i\~r I oxida t ion ,  an e s t ima ted  ~o": J i{I 

of the  enzyme will be in the %rm of ( ' ompound  II  in the s t eady  s ta te .  Since tu rnover  
along the side p a t h w a y  is slow, only abou t  2 °/io of the  I -  ox ida t ion  can occur by. this  

route.  

I XTRODUCTION 

The mechanism for the  horseradish  pe rox idase -ca ta tyzed  (donor:  H20 ~ oxi- 
doreductase ,  EC 1.11.I.7) ox ida t ion  of  Kq:e(CN)~ and aseorbic acid was clarified by  

* P r e s e n t  a d d r e s s .  \ : a l t i o n  S c c r u m l a i t o s ,  M a n n c r h c i n / i n t i c  1~6, t t c i s i n k i .  
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CHANCE l #  and by GEORGE a-5. Many of their results have recently been confirmed by 
YONETANI n. The mechanism arrived at is usually summarized with the equations 

fer r iperoxidase  + H202 -~ C o m p o u n d  I (~) 

C o m p o u n d  I + A H  ~ C o m p o u n d  II  + A (2) 

C o m p o u n d  I I  + A H  -+ ferr iperoxidase  + A (3) 

where ferriperoxidase is the unmodified enzyme and AH symbolizes a substrate under- 
going one-equivalent oxidation to A. 

Most, if not all, iron-porphyrin peroxidases oxidize I -  to 12 in a reaction which 
can be described by the overall equation 

peroxidase  
H~O 2 + 2 I -  + 2 H + - -  ~ I~ + 2 H~O (4) 

Enzymes known to catalyze the reaction include chloroperoxidase ~, horseradish 
peroxidase s-l~, lactoperoxidase 1°, myeloperoxidase 12 and thyroid peroxidaselS, 14. 

The mechanism of the peroxidase-catalyzed oxidation of I -  has been the sub- 
ject of only a few studies. NUNEZ AND POMMIER 15 have described the formation of a 
horseradish peroxidase-iodine complex. BJ6RKST~N 11 investigated reaction steps in 
which I -  and H + are added to the horseradish enzyme. Although these studies are 
relevant, they do not permit any deeper insight into the mechanism. 

Our preliminary studies showed that  the main pathway for the horseradish 
peroxidase-catalyzed I -  oxidation could not be identical with the Chance-George 
mechanism of Eqns. 1-3 (ref. 16). The present investigation is an effort to elucidate 
the nature of the main pathway. 

MATERIALS AND METHODS 

Reagents and equipment 
The horseradish peroxidase used was a commercial (Worthington) electro- 

phoretically purified lyophilized preparation. I t  had an absorbance ratio A40 s nm/  

A275nm of 2.8-3.0, which indicates high purity aT. Usually a stock solution containing 
approx. 15 #M peroxidase in 30 mM potassium phosphate (pH 6.2) was prepared. The 
solution was left to stand at 4 ° for at least IO days before use. I t  was observed that  the 
absorbance at 403 nm increased during this time and that  aged peroxidase solutions 
gave more reproducible results than fresh ones. The peroxidase concentration was 
determined spectrophotometrically using e~ = 9.0- lO 4 cm -1. M -1 at 403 nm (ref. 18). 

H~O2 solutions were prepared by diluting 30% H202 (Merck). Their concentra- 
tion was assayed through ti tration with KMnO 4 in acidic solution. 

Rates of absorbance change and spectra were measured with a Beckman DK-I  
or a Perkin-Elmer 137 spectrophotometer. A Beckman DU or a Hi tachi -Perkin-  
Elmer 137 instrument was used for other spectrophotometric measurements. Cells 
with a i -cm light path and containing 3 ml of solution were always used. The reference 
cell always contained water. Reactions and measurements were carried out at 25 °, 
except where otherwise indicated. 

Determination of the rate of reaction between peroxidase species and reducing agents 
In all cases ferriperoxidase was first converted to Compound I by adding an 
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equimolar or somewhat lower amount of H20 = (see Eqn. I). When Compound 11 was 
needed, Compound I was converted to Compound II by adding an equimolar amount 
of  K4Fe(CN)6 (see Eqn. 2). When the reactivity of Compound I or the ferriperoxidase 
iodine complex was under study, Compound I was converted to ferriperoxidase 
iodine by an excess of I according to the equation 

ka 
Conlpound 1 5- 1- ~ ferriperoxidase iodine (5) 

The bimolecular rate constants ka, kb and ke, which were measured, are defined by 
Eqn. 5 and the equations 

]¢b 
C o m p o u n d  11 + 1- ~ ferriperoxidase q product(s) ((,) 

lee 
ferriperoxidase iodine + reducing agent  ~ ferriperoxidase + i + product(s) (7) 

When ka or ke was measured, the reaction was followed by recording the ab- 
sorbance as a function of time at 4o3 nm, where ferriperoxidase and ferriperoxidase 
iodine have an absorption maximum. When kb was measured, the wavelength used 
was 418 nm, where Compound II has a maximum. The rate constants were calculated 
using the equations 

1 d A I 
k~ - (s) 

CCompound I I II ] dl eir.--eMa 

I 

[Compound 1 t :: [ reducing agent ] 

dA t 
• _ (,~) 

( l /  EM2 - ~:M5 

ke = 
dA [ferriperoxidase--iodine i 

!ferriperoxidase iodine I !reducing agentl  dt ,dA 

dA l 
. . . . . . .  ( io)  

[reducing agent ] dt /IA 

T A B L E  [ 

M O L A R  A B S O R B A N C E  C O E F F I C I E N T S  F O R  H O R S E R A D I S H  P E R O X I D A S E  S P E C I E S  

Peroxidase species ). Symbol  Numerical  Source 
( nm ) value 

(cm -I " m M - U  

Ferriperoxidase 4o3 VM~ 9o Ref. 18 
418 em~ 53 Fig. 4 

Compound I 403 eMa 49 Fig. I 
C o m p o u n d  II  4o3 eM4 6t Ref. I* 

4[8 em~ 87 Ref. 19 
Ferriperoxidase-iodine 4o3 eM0 lO 7 Fig. 4 

* T h e  v a l u e  given in the table is I2°,o higher than  ill the reference to conlpensate for tile 
discrepancy in spectral data reported for ferriperoxidase by  CHANCE 1 a n d  b y  KEILIN AND 
H A R T R E E  18. 

l¢iochim. Biophys.  Acta, 212 (I97 o) 396-406 



PEROXIDASE-CATALYZED IODIDE OXIDATION I 399 

In Eqns. 8-IO dA/dt is the initial rate of absorbance change, e~tl, eM~ ... e~t6 are molar 
absorbance coefficients defined in Table I, and AA is the absorbance change observed 
when all ferriperoxidase-iodine present was instantaneously reduced (e.g. by Na2S203) 
to ferriperoxidase. 

When ka was measured, the sample cell originally contained 30 mM potassium 
phosphate (pH 6.19) and 5.8 #M ferriperoxidase. H20., to a final concentration of 
5 #M and 20 sec later KI  to a concentration of 1.5 #M were added. The dA/dt obtained 
after the KI  addition was used for calculations. 

When kb was measured, the sample cell originally contained 30 mM potassium 
phosphate (pH 6.19) and 5 #M ferriperoxidase. Other reagents were added at Io-sec 
intervals to the following final concentrations: 5 #M H20,, 5/~M K4Fe(CN)e and 50 
#M KI.  In a "blank" experiment KI  was omitted. The dA/dt was measured after the 
last reagent addition. The dA/dt from the blank experiment was subtracted from the 
dA/dt obtained in the experiment with KI,  and the difference between the dA/dt's 
was used in the calculation of kb by Eqn. 9. 

Measurement of the spectrum of the ferriperoxidase-iodine complex 
In the experiment the spectrum of IO #M ferriperoxidase was first recorded. 

The enzyme was then converted to ferriperoxidase-iodine by adding amounts of KI  
and H20 ~ equimolar to the enzyme. The spectrum was recorded again 6 min after the 
additions. To obtain the concentration of Compound I I  formed through side reac- 
tions, the spectrophotometer was immediately readjusted to record the absorbance at 
403 nm as a function of time. Then NaeS203 to a final concentration of IOO #M was 
added to convert the ferriperoxidase-iodine to ferriperoxidase. From the abscrbance 
(A) observed immediately after the Na2S203 addition, the concentration of Compound 
I I  was calculated using the equation 

[Compound  II1 eM4 + ([peroxidase] -- [Compound  II]) eM1 = A (12) 

A - -  [ p e r o x i d a s e ]  eM1 
[Compound  II]  = (13) 

~M4--EM1 

In Eqns. 12 and 13 [peroxidasel is the total  peroxidase concentration. 
A calculated "true" spectrum for ferriperoxidase-iodine was obtained from the 

recorded spectrum by compensating for the presence of the observed Compound I I  
concentration (1. 5 #M). The spectral data  for Compound I I  used in the calculations 
were those given by  CHANCE 1 but increased by  12% to compensate for the discre- 
pancy in spectral data reported for ferriperoxidase by CHANCE 1 and by KEILIN AND 
H A R T R E E  is. 

RESULTS 

Formation of Compound I I  as an intermediate 
An experiment was performed in which the spectrum of a peroxidase solution 

was followed, while the peroxidase was gradually converted from Compound I to 
ferriperoxidase or a related species through the stepwise addition of an oxidizable 
substrate. The procedure resembles a spectrophotometric titration, but  the results 
should be interpreted in a qualitative rather than quantitat ive manner. The reason 
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l;ig. 1. Spect rophotometr ic  detection of peroxidase Colnpound I I formed as an intermediate. 
The peroxidase was initially in the form of ferriperoxidase and was converted to Compound 1 by 
the addition of an equimolar quan t i ty  of H202 in 25/tl of water. Both the spectrum of the original 
ferriperoxidase and tha t  of Compound I were recorded. Beginning r rain after the H2()2 addition 
the port ionwise addition of an oxidizable subs t ra te  was started. The volume of each addition was 
5/~1, and the additions were made at i-rain intervals. Spectrum ~ was recorded beginning 3 ° see 
after the first addition, Spectrum 2, 3 ° sec after the second, etc. In A the sample cell cmltaincd 
3 o mM potass ium phosphate  (pH 6.2) and 5 ttM peroxidase; Kat,'e(CN), ~ was added in amounts  
raising the concentrat ion by 1.67 ffM. h i  B there was 3 o mM potass ium phosphate  (pH ~.2) and 
IO ffM peroxidase;  K1 was added in 1.67 ffM portions. 

is t ha t  the  process is r a the r  slow, which permi t s  react ive  enzymic  in te rmedia tes  and 
produc ts  formed from subs t ra tes  to undergo side react ions to some extent .  

When  K~FeCy s was used as the  oxidizable  subs t ra te ,  Compound I was clearly 
first conver ted  to Compound I I  (maintain at  418 nm) and only then to ferriperoxi-  
dase (Fig. IA). When  I was used as subs t ra te ,  a g radua l  conversion of the spec t rum 
of  Compound  i to a spec t rum resembling tha t  of  ferr iperoxidase  was seen (l;ig. I B ) .  

No extens ive  format ion  of  Compound  I I  or of any  other  enzymic in te rmedia te  could 
be de tec ted .  

When  I is oxidized by  horseradish  peroxidase ,  concent ra t ions  can be chosen 
in such a manner  tha t  the ra te  of the  overal l  react ion is first order  with respect  to 
peroxidase  and I , and zero order  with respect  to H202 (ref. I I ) .  Irrom observed da t a  
a b imolecular  ra te  cons tant  ka corresponding to the hypothe t ica l  react ion s tep ~ can 

/¢d 
peroxidasc F I ~products  ( t t )  

be calculated.  The value ob ta ined  (from Fig. 4, ref. I I )  is ka = 5.0" IOa M-1 "sec-~ at  
pH 6.19. The cons tan t  ka mus t  be equal  to or smaller  t han  the  bimolecular  ra te  con- 
s t an t  corresponding to the slowest s tep  in which I t ru ly  par t i c ipa tes  along the main 
p a t h w a y  in the mechanism for I oxida t ion .  

Iodide  was found to reduce Compound  I I  as descr ibed by Eqn. 0. The r ab '  
cons tan t  for this  react ion was found to be kb = o.18. IO 3 M -~ . s e c t  at  p H  0.I 9. This 
value is only about  I /3o of  the min imum required (-= ka) to make Reac t ion  6 a 
possible s tep along the main pa thway .  Thus i t  appears  t ha t  Compound I I  can only 
be formed along a side pa thway ,  if at  all, when I -  is oxidized.  

Rate of reaction between Compound I a~zd I 
Compound  I will react  wi th  I to yield a peroxidase  species with a spec t rum 

similar  to bu t  not  ident ica l  with t ha t  of ferr iperoxidase.  Fo r  the  ra te  cons tant  k:~ 

Riocki~u. B iophy .~ . .qc la .  e l "  (I()7 o') 306 J,o~ 
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(defined by Eqn. 5) a value ka = 13 "1o 3 M -1 "sec -1 at pH 6.19 was found. This value 
can be compared with the value kd = 5.9" lO3 M-l"sec-~ for the rate constant corre- 
sponding to the hypothetical rate-limiting step (Eqn. 14). Since ka ~ 2 ko, it can be 
assumed that  Reaction 5 affects the overall rate, but that  it cannot be the only rate- 
limiting step. These arguments are true when concentrations are chosen in such a 
manner that  the overall reaction is first order with respect to peroxidase and I -  and 
zero order with respect to H20 ~. 

Titration of Compound I with I -  
The spectrophotometric titration of Compound I with I -  was complicated by 

the slowness of the main reaction and the occurrence of side reactions. The side re- 
actions caused a slow linear rise in the absorbance extending beyond the time when 
the main reaction should have gone to completion (see Fig. 2). Presumably the side 

0 . 4  

r~ 

0 . "  

Time (rain) 

Fig. 2. Typica l  e x p e r i m e n t  pe r fo rmed  to t i t r a te  C o m p o u n d  I spec t ropho tomet r i ca l ly  wi th  I - .  
The  abso rbance  a t  4o3 n m  was followed as a func t ion  of t ime  a t  a t e m p e r a t u r e  of  4 °. A t  t he  s t a r t  
t he  sample  cell con ta ined  30 m M  p o t a s s i u m  p h o s p h a t e  (pH 6.0), 5.25 #IV[ fer r iperoxidase  and  
3/zM KI .  A t  zero t ime  5/zM H20  a was added  and  caused  t he  i m m e d i a t e  fo rma t ion  o f  5/~M Com- 
p o u n d  I (sharp drop in absorbance) ,  which  began  to react  wi th  I -  (rise in absorbance) .  The  slow 
l inear  increase in t he  absorbance  beyond  3 m i n  is largely due  to side react ions.  To ob ta in  an  
abso rbance  va lue  unaf fec ted  b y  side reac t ions  and  cor responding  to  a t ime  w h e n  t he  ma in  react ion 
was nea r ly  complete ,  t he  following ex t rapo la t ion  procedure  was used :  a t a n g e n t  to t he  s t r a i gh t  
por t ion  o f  t he  abso rbance  curve  ex t end i ng  beyond  3 rain was drawn,  a n d  t he  abso rbance  corres- 
p o n d i n g  to zero t ime  was  read  off it. 

reactions involved conversion of Compound I first to Compound I I  and then to ferri- 
peroxidase. To limit the effects of side reactions, only one I -  addition (corresponding 
to one measurement) to each peroxidase sample was performed. In addition low 
temperature and an extrapolation procedure were used (see Fig. 2). 

To clarify phenomena observed in the ti tration experiment, the rate constant 
ka was determined under the conditions of the experiment, that  is at 4 ° and pH 6.0 
The value found w a s  ka  ~ 7" IOa M-l"sec-1. 

In the titration experiment 5 #M Compound I was originally present. Using 
this concentration, the above value for ka and the assumption that  Compound I and 
I -  react with each other in a I : I molar ratio, it can be calculated that  the reaction 
will be 99~/o complete at 2 min, when the original I -  concentration is close to zero, 
and 83~/o complete at 2 min, when the original I -  concentration is 5/~M. At higher I -  
concentrations the reaction will again go more rapidly to completion. 
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Fig .  3. S p e c t r o p h o t o m e t r i c  t i t r a t i o n  of  5 ffM peroxidase C o m p o u n d  I w i t h  1 . The  a l ) so r l )ance  
values were obtained from experiments resembling the one  in Fig.  3. D u e  to  t he  s low c o m p l e t i o n  
of  the reaction, the absorbances c o r r e s p o n d i n g  to  I -  c o n c e n t r a t i o n s  a r o u n d  5 I~ M are  too  low. To  
o b t a i n  a " t r u e "  titration curve tangents have been d r a w n  to  t h e  h y p e r b o l a - l i k e  e x p e r i m e n t a l  
cu rve .  The tangents cross a t  4.4 ffM I , w h i c h  is t a k e n  as  t h e  end  p o i n t  of  t h e  t i t r a t i o n .  

Fig.  4- S p e c t r u m  A is t h a t  o f  f e r r i p e r o x i d a s e ,  B is t h e  s p e c t r u m  of  t h e  f e r r i p e r o x i d a s e - i o d i n e  
complex contaminated by 15°{, C o m p o u n d  I [ ,  a n d  C is t h e  c a l c u l a t e d  s p e c t r u m  for  t h e  ferr i -  
p e r o x i d a s e - i o d i n e  complex obtained when Spectrum B was  c o r r e c t e d  for t h e  p r e s e n c e  of  C o n >  
p o u n d  I 1. 

Extrapolation was used to eliminate anomalies caused by the  slow comple t i on  

o f  the reaction. The end po in t  of  the titration was then  found  to  be 4.4 #M I (Fig. 

3)- This corresponds to  a stoichiometric ratio C o m p o u n d  I • I - of  1 " 0.88. 

Properties of a ferriperoxidase-iodine complex 
Efforts to study the species which is formed w h e n  C o m p o u n d  I i e ac t s  wi th  I 

were complicated by our inability to prepare it in a state free from other peroxidase 
forms. Our best samples were contaminated by some 15% Compound II and possibly 
by a smaller amount of ferriperoxidase. In spite of this, it should be readily apparent 
from Fig. 4 that the complex in question (ferriperoxidase-iodine) has a spectrum 
similar to but not identical with that of ferriperoxidase. The spectra differ most at 
530 nm, where ferriperoxidase has a shoulder, while no feature is seen in the spectrmn 
of the new complex. 

Due to the spectral similarities we designate the complex a ferriperoxidase 
derivative and describe its formation as indicated by Eqn. 5. In a subsequent paper 2° 
it will be shown that spontaneous liberation of I2 from ferriperoxidase-iodine occurs 
only slowly if at all. 

It was found that when H202 was added to ferriperoxidase-iodine, the spectrum 
immediately shifted to that of Compound I. This suggests that ferriperoxidase-iodine 
will react very rapidly with H202: 

ferriperoxidase-iodine + H202 --> C o n l p o u n d  1 ~- p r o d u c t ( s )  ( I5)  

If S2Oa 2- was added to ferriperoxidase-iodine, the spectrum of ferriperoxidase im- 
mediately appeared. This suggests the reduction 

2 f e r r i p e r o x i d a s e - i o d i n e  F 2 S2Oa ~- -+ 2 f e r r i p e r o x i d a s e  ~ 2 1 } $4()6 ~ ([0) 

The occurrence of these reactions is illustrated by the experiment of Fig. 5A 
where the absorbance at 4o3 nm was recorded while reactions were carried out. It 
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Fig. 5. The interconversion of peroxidase species was followed by recording the absorbance at 
4o3 n m  as a funct ion of  time. The peroxidase concentrat ion was in A lO. 4 pM and in B 5.3 #M. 
In  both  cases the peroxidase was originally in the form of ferriperoxidase. The medium con- 
contained 3 ° mM potass ium phospha te  (pH 6.2). Reagents  were added in the concentrat ions and 
at  the t imes apparen t  from the figure. 

can be seen how ferriperoxidase reacted rapidly with an equimolar amount of H202 
and then more slowly with an equimolar amount of I-,  but not with subsequent ad- 
ditions of I-.  A second equimolar amount of H20 ~ caused a sharp drop in the ab- 
sorbance to a level approaching that of Compound I (Reaction 15). Compound I im- 
mediately started to react with the I -  present and was again transformed into ferri- 
peroxidase-iodine. A final addition of S20s 2- caused the absorbance to drop to a level 
somewhat below that of the original ferriperoxidase (Reaction 16). At the end a slow 
rise of the absorbance to a level close to that of the original ferriperoxidase was seen. 
This should be due to the slow reduction of Compound II (Reaction 6) formed in side 
reactions. 

The formation of Compound II via side reactions is also evident from the ex- 
periment of Fig. 5 B. Here ferriperoxidase-iodine is shown to be completely reduced 
to ferriperoxidase by an approximately equimolar amount of $2032- (Reaction 16). 
The reduction is accompanied by a drop in the absorbance to a level slightly below 
that of pure ferriperoxidase. The addition of Ka(Fe)CN e immediately brings the ab- 
sorbance up to a steady level close to that of pure ferriperoxidase. The K4(Fe)CN e 
apparently reduced the Compound II present to ferriperoxidase (Eqn. 3). 

In order to study whether the iodine in ferriperoxidase-iodine might be present 

T A B L E  I I  

R A T E  C O N S T A N T S  (ke )  F O R  T H E  R E A C T I O N  B E T W E E N  F E R E I P E R O X I D A S E - I O D I N E  A N D  R E D U C I N G  
A G E N T S  

To a spect rophotometer  cell reagents were added in the following order to the following final 
concentrat ions:  3 ° mM potass ium phosphate  (pH 6.2), 5/*M ferriperoxidase, 5 o p M  KI  and 
5/ tM H202. I min after the H202 addition io #M of one of the reducing agents mentioned in the 
table was added, and the initial dM ~dr was measured. 

Reducing agent ke 
(M-1. sec-l) 

Cysteine > 2 • I O  a 

i -Methyl-2-mercaptoimidazole 9" io ~ 
Na2S~O3 > 2 • lO 4 

Biochim. Biophys. Mcta, 212 (197 o) 396-4c6 
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in the form of a sulfenyl iodide (-SI) group, the rate of reaction between ferriperoxi- 
dase-iodine and some reducing agents was examined. Reaction with S20a 2- and %,- 
steine was very rapid and reaction with I-nlethyl-2-mercaptoimidazole somewhat 
slower (Table II). CU~XNINGHAS121 found that  prGtein sulfenyl iodide groups react fast 
with I-methyl-2-mercaptoimidazole and quite slowly with cysteine, i.e. the opposite 
of what was now observed. This speaks against the presence of a sulfenvl iodide group. 

DISCUSSION 

In this s tudy horseradish peroxidase Compound I has been %und to react with 
I -  in an equimolar ratio to yield a complex characterized as ferriperoxidase-iodine 
(Eqn. 5). The complex is probably identical with a horseradish peroxidase iodine 
complex described by NUNEZ AND POMMIER 1~. Ferriperoxidase-iodine has a visible 
spectrum similar to that  of ferriperoxidase, which suggests identical oxidation states 
for the heme moieties in the two enzyme species. Consequently the complex has been 
named as a ferriperoxidase derivative. That  iodine indeed remains bound to ferri- 
peroxidase-iodine is perhaps best shown by  the fact that  iodinating activity can be 
liberated from it by t reatment  with H=02 (ref. 2o) (see also Eqn. 15). 

Reducing agents readily reduce ferriperoxidase-iodine to ferriperoxidase -- I . 
Rates of reaction with different reducing agents are not similar to those observed for 
the reduction of protein sulfenyl iodide groups. Therefore the iodine in ferriperoxi- 
dase-iodine is probably not present as a sulfenyl iodide group. I t  has been suggested 
that  such groups are formed in the thyroid as a result of peroxidase activity22, ~a. 
Protein iodotyrosyl or iodohistidyl groups would not be affected by the reducing 
agents used, and the iodine therefore cannot be located in such a group. 

There is some circumstantial, but inconclusive, evidence, which indicates that  
the iodine in ferriperoxidase-iodine might be bound to the prosthetic heine group. 
Thus a t tachment  of I -  to the enzyme affects the visible spectrum. The iodine is 
liberated by H202, which is known to react with the heine. 

We found that  the present lyophilized peroxidase preparation underwent a 
transformation after being dissolved in potassium phosphate buffer at pH 6.2. The 
absorbance at 4o3 nm increased slowly and so did the stability of the ferriperoxidase- 
iodine complex obtainable from the preparation. Ferriperoxidase-iodine prepared 
from a fresh peroxidase solution appeared to undergo spontaneous breakdown to 
yield ferriperoxidase ; in fact the half-life of the ferriperoxidase- iodine was so short 
that  direct spectrophotometric observations were difficult to make. On the other 
hand, ferriperoxidase-iodine prepared from a peroxidase solution aged for IO days 
or more had a half-life on the order of tens of minutes. Only aged peroxidase solutions 
were used for experiments reported here. 

Present kinetic results show that  the main pathway for the peroxidase-catalyz- 
ed oxidation of I -  is not the Chance-George mechanism of Eqns. 1-3. The most 
significant evidence of this is that  Compound I1 is reduced at only 1/3o the rate needed 
to permit the rates observed for the overall reaction (Eqn. 4) to be reached over a 
mechanism in which Compound II  is an obligatory intermediate. 

In spite of this, there is good evidence that  some Compound I I  is formed. Thus, 
when efforts were made to transform ferriperoxidase quantitatively into the ferri- 
peroxidase-iodine complex via Reactions 1 and 5, the preparations obtained were 
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always contaminated by Compound II. It  must then be assumed that the Chance- 
George mechanism is operative as a side pathway. In the present case it can be de- 
scribed with the equations 

Ferr iperoxidase  + H202 -+ C o m p o u n d  I (I) 

C o m p o u n d  I + I -  -~ C o m p o u n d  I t  + product(s)  (17) 

C o m p o u n d  II  + I -  -~ fer r iperoxidase  + product(s)  (6) 

In a previous study the properties of reaction steps in which ferriperoxidase and 
Compound II participate were studied by observing the steady-state kinetics of I -  
oxidation n. The results support the presence of the side pathway. The main pathway 
could not be detected, since ferriperoxidase and Compound II are not on it. 

A second pathway is characterized by the equations 

ka 
C o m p o u n d  I + I -  --> fer r iperoxidase- iodine  (5) 

Fe r r ipe rox idase - iod ine  + H202 --> C o m p o u n d  I + product(s)  (15) 

The reaction steps of this mechanism are fast enough to account for the rate of the 
overall reaction. The rate constant ka (Eqn. 5) was found to be twice as large as 
would be expected from the rate (kd) of the overall reaction when the I -  concentration 
is the rate-limiting factor. This is close enough to make it probable that Eqns. 5 and 
15 characterize the main pathway. The discrepancy between ka and kd is explained 
if it is assumed that half the enzyme is diverted to the side pathway in the steady 
state and exists as Compound II. Turnover via the side pathway is slow, and under 
the mentioned conditions only about 2% of the I -  oxidation would proceed by this 
route. 

It  should be stressed that Eqn. 15 undoubtedly summarizes several still un- 
resolved reaction steps. The nature of the products formed from I -  and the fate of 
the oxidizing equivalents will be discussed in the subsequent paper 20. 
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