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Summary 

The role of thyroid peroxidase (donor:hydrogen-peroxide oxidoreductase, 
EC 1.11.1.7) in tyrosyl iodination has been investigated using a tripeptide sub- 
strate, a-L-glutamyl-L-tyrosyl-L-glutamic acid (Glu-Tyr-Glu). 

Competition experiments performed with thyroid peroxidase and several 
iodide acceptors indicate that there is a site for these substrates on the enzyme. 
The rates of three reactions, peroxidase catalyzed iodination of Glu-Tyr-Glu, 
chemical iodination of the same tripeptide and peroxidase catalyzed produc- 
tion of iodine were measured as a function of pH, and were found to be differ- 
ent from one another, indicating that the enzymic iodinating species is not free 
iodine. 

An iodinating species was demonstrated to be peroxidase-associated: This 
species was generated by incubation of the enzyme with iodide-125 and hydro- 
gen peroxide. The labeled intermediate was separated from low molecular 
weight reaction components by gel filtration and was shown capable of iodinat- 
ing Glu-Tyr-Glu in the absence of added iodide or peroxide. The iodinated pro- 
duct, Glu-Tyr(I)-Glu was identified by thin layer chromatography and radio- 
autography. 

These results support the idea that thyroid peroxidase plays a direct catalytic 
role in iodination. Iodination does not occur by way of free iodine generated 
by the enzyme and released into the medium, but rather via an iodinating spe- 
cies associated with the enzyme. 

Abbreviations: (peroxidase-Ioxid), thyroid peroxidase-oxidized iodide; Glu-Tyr-Glu, ~-L-glutamyl-L- 
tyrosyl-L-glutamic acid; GIu-Tyr(I)-GIu, ~-L-glutamyl-L-rnonoiodotyrosyl-L-glutamic acid; 13-, tri- 
iodide. 
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Introduction 

Thyroid tissue contains a multisubstrate, integral membrane peroxidase 
(donor:hydrogen-peroxide oxidoreductase, EC 1.11.1.7) which plays a central 
role in the biosynthesis of thyroxine (tetraiodothyronine). This involves oxida- 
tion of iodide [2--4] and a catalytic function in tyrosyl iodination [5--8]. 

The mechanism of iodination, however, remains unclear. Thyroid peroxidase 
structure and function has been reviewed by Maloof et al. [9,10], Taurog [11] 
and is included in a review of enzymic halogenation, by Morrison and Schon- 
baum [12]. 

This study will corrsider the role of thyroid peroxidase in iodination. We will 
present evidence that iodide, oxidized by peroxidase, is transferred directly 
from the enzyme to a tyrosyl acceptor, without intervening formation of 
unbound molecular iodine. The acceptor chosen for this work is the tripeptide, 
Glu-Tyr-Glu, reported by Krinsky and Fruton [ 13] to be an excellent substrate 
in thyroid peroxidase catalyzed iodination. 

Experimental Procedures 

Glu-Tyr-Glu was obtained from Schwartz-Mann, Orangeburg, N.Y. and car- 
rier-free iodide-125 from New England Nuclear, Boston, Mass. 12sI2 was pre- 
pared as described by Jirousek and Pritchard [14]. All reagents were of the 
highest purity commercially obtainable. Radioactivity was measured with a 
Packard automatic gamma scintillation spectrometer. A Cary-15 spectrophoto- 
meter was used for spectral and kinetic measurements. Paper electrophoresis 
was performed using a Beckman model R, Series D apparatus, at 15 mA, 1.5 h, 
0.05 M sodium bicarbonate buffer, pH 10.6. 

The thyroid peroxidase preparation. Thyroid peroxidase was prepared using 
a modification of the procedure of Coval and Taurog [15,16]. The final speci- 
fic activity of these preparations was typically around 90 guaiacol units per mg 
protein (1 unit = 1 gmol guaiacol oxidized per min based on an extinction 
coefficient of 5570 cm -1. M -1, at 470 nm). Protein concentration was esti- 
mated by the method of Lowry et al. [17]. The absorbance ratio 410 nm/280 
nm was 0.1. 

Estimated purity of  the enzyme. In polyacrylamide gel electrophoresis, at 
pH 8.3 and 9.0, peroxidase activity co-migrated with a broad band, containing 
both protein and carbohydrate. More than half of the applied protein coincided 
with the guaiacol reactive band. A faster moving, minor protein component was 
also detectable. Dodecyl sulfate polyacrylamide gel electrophoresis dissociated 
the preparation into 4 major and 2 or 3 minor components. In density gradient 
centrifugation, (5--20% sucrose) peroxidase activity co-sedimented with a pro- 
tein band which comprised approximately 50% of the total applied protein. 
Based on the above data, the peroxidase preparation is estimated to be between 
20 and 50% pure. 

Polyacrylamide gel electrophoresis was performed at room temperature 
[18], using 7.5% and 10% acrylamide, 2.5 mA per gel, 1.5 h, 0.05 M Tris, 
0.38 M glycine buffers and 100 pg of protein per gel. Protein was detected by 
Coomassie Blue, carbohydrate by periodic acid-Schiff reagent [19] and peroxi- 
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dase activity located by immersing the gels in the standard guaiacol assay mix- 
ture. Dodecyl sulfate polyacrylamide gel electrophoresis was conducted accord- 
ing to the procedures of Fairbanks et al. [19]. Density gradient centrifugation 
was carried out  for 18 h, 30 000 rev./min at 4°C, using a Beckman model L3-50 
ultracentrifuge and an SW-41 rotor. 

Assays of thyroid peroxidase. Peroxidase activity was assayed by guaiacol 
peroxidation [20], and iodide peroxidation to tri-iodide [4]. Iodination of mo- 
noiodotyrosine was measured as previously described [21]. 

Iodination of Glu-Tyr-Glu was measured spectrophotometrically,  as an initial 
rate of formation of Glu-Tyr(I)-Glu (~max, 290 nm; E M 2430 cm -1 • M -I for the 
monoiodotyrosyl  residue) [8]. 

The pH dependence of chemical iodination of Glu-Tyr-Glu, thyroid peroxi- 
dase-catalyzed iodination of Glu-Tyr-Glu and thyroid peroxidase catalyzed tri- 
iodide generation. Phosphate/citrate buffers were adjusted to pH values, ranging 
from 4.75 to 9.1, and used as shown in Fig. 1. 

Generation and gel separation of (peroxidase-Io,~d). Thyroid peroxidase was 
incubated with approximately equimolar K'25I and H:O2. Estimation of per- 
oxidase was based on a molecular weight of 100 000 and an estimated maximal 
purity of 50%. The incubation mixture was assayed, then immediately applied 
to a 0.9 X 15 cm column of Sephadex G-25, equilibrated with deionized water. 
Each fraction collector tube contained 5 nmol Glu-Tyr-Glu. Emergent fractions 
were assayed for peroxidase activity (guaiacol), protein and radioactivity. 

Iodination of Glu-Tyr-Glu by (peroxidase-'2SIoxid). Excluded fractions were 
analyzed for iodinated Glu-Tyr-Glu by thin layer chromatography and radio- 
autography as described in Fig. 3. 

Results 

Thyroid peroxidase generates molecular iodine from iodide in the absence of 
alternate acceptor substrates and, under  certain conditions, during the enzymic 
iodination of  monoiodo to diiodotyrosine. Enzymic I2 formation is not  detect- 
able during the iodination of Glu-Tyr-Glu to Glu-Tyr(I)-Glu. These observa- 
tions are related to the apparent Km values of those acceptors, as shown in 
Table I. Glu-Tyr-Glu has the lowest apparent Kin, implying the greatest affinity 
for thyroid peroxidase. Monoiodotyrosine has an intermediate Km value, and 
under  previously described conditions, can be iodinated in the presence of Glu- 

T A B L E  I 

T H E  R E L A T I V E  A F F I N I T I E S  O F  T H R E E  A C C E P T O R S  F O R  ( P E R O X I D A S E  I o x i d )  

The  c o n c e n t r a t i o n  ranges  used for d e t e r m i n a t i o n  o f  apparent  Michael is  cons tant s  were:  Glu-Tyr-Glu,  5--  

4 0 0  ~tM; m o n o i o d o t y r o s i n e ,  0.05---3 raM; I - ,  0 . 4 - -5 .0  raM. 

Perox idase  ca ta l yzed  reac t ion  Apparent  K m ,  a c c e p t o r  S i m u l t a n e o u s  p r o d u c t i o n  
substrate  o f  I3 

Glu-Tyr-Glu--~Gly-Tyr(I)-Glu 3 • 10 -6 M No  
M o n o i o d o t y r o s i n e  -* d i i o d o t y r o s i n e  10 -4 M Yes  
I - - * I ~  5" 10 -3 M - -  
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Tyr-Glu [8]. Iodide, with the highest apparent Km value, can compete with 
monoiodotyrosine but not  with the tripeptide. 

pH dependence. The pH dependencies of the rates of the 3 reactions shown 
in Fig. 1 were compared and found to be unrelated. Iodination of Glu-Tyr-Glu 
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Fig. 1. T h e  p H - d e p e n d e n c e  o f  3 r e a c t i o n s :  (a) c h e m i c a l  i o d i n a t i o n  o f  G l u - T y r - G l u  (m . . . . . .  m), (b)  
e n z y m i c  i o d i n a t i o n  o f  G l u - T y r - G l u  (¢ ¢) .  (c)  e n z y m i c  g e n e r a t i o n  o f  I 3 -  (4- . . . . .  4) .  I n  (a),  1 0 0  
# t o o l  KI ,  7 5  n m o l  I3 - "  5 0  # t o o l  p h o s p h a t e / c i t r a t e  b u f f e r  a t  t he  i n d i c a t e d  p H ,  a n d  0 . 5  # t o o l  Glu -Ty~-Glu  
w e r e  m i x e d  in  a t o t a l  v o l u m e  o f  1 .0  m L  a n d  t h e  r a t e  o f  d i s a p p e a r a n c e  o f  I 3 -  w a s  m e a s u r e d  a t  3 5 3  n m  
(E M = 22  9 0 0  c m  -1 • M - l ) .  T h e  r e f e r e n c e  c u v e t t e  c o n t a i n e d  1 9  n m o l  13-  a n d  n o  G I u - T y r - G l u .  (b)  The  
assay  s y s t e m  c o n t a i n e d  6 .6  ~g  p e r o x i d a s e ,  0 .1  # t o o l  KI ,  0 . 5 / ~ m o l  G l u - T y r - G l u ,  0 . 0 8 8  # t o o l  H 2 0 2  a n d  5 0  
~ m o l s  p h o s p h a t e / c i t r a t e  b u f f e r ,  in  1 .0  ml .  (c)  In i t i a l  r a t e s  o f  13-  f o r m a t i o n  w e r e  m e a s u r e d  a t  3 5 3  nrn ,  
( e x p a n d e d  a b s o r b a n c e  scale) .  T h e  1 .0  m l  s y s t e m ,  c o n t a i n e d  1 .0  # t o o !  KI ,  0 . 0 8 8  # t o o l  H 2 0 2  a n d  5 0  # t o o l  
p h o s p h a t e / c i t r a t e  b u f f e r .  The  t o t a l  i o d i d e  o x i d i z e d  b y  t h y r o i d  p e r o x i d a s e  (I 2 + I 3 -  ) w a s  e s t i m a t e d  f r o m  
t h e  m e a s u r e d  I 3 -  , t h e  in i t i a l  I -  c o n c e n t r a t i o n  a n d  t h e  k n o w n  [ 2 2 ]  e q u i l i b r i u m  c o n s t a n t  f o r  f o r m a t i o n  
o f  13 -  f r o m  I -  a n d  12. 
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by triiodide is undetectable below pH 6.5; above this value, the rate increases 
exponentially, in accord with the known pH dependence of tyrosine iodination 
by I~ [22--24]. In contrast, enzymic iodination of Glu-Tyr-Glu occurs over the 
entire pH range tested, including pH 4.75--6.5, where no iodination by triio- 
dide is detectable. Finally, enzymic triiodide formation shows a pH dependence 
which is unrelated to enzymic tripeptide iodination: pH 5--6.5 marks the range 
of greatest change in triiodide formation but least change in Glu-Tyr-Glu iodi- 
nation. Thin layer chromatography and radioautography of the enzymic iodina- 
tion system at each pH confirmed that Glu-Tyr(I)-Glu was formed over the 
entire pH range. No iodo tripeptide was formed in a control incubation. (pH 
7.1, complete system except for hydrogen peroxide). 

Generation of (peroxidase-Ioxid)and iodination of Glu-Tyr-Glu by (peroxidase- 
Ioxi~). Approximate equimolar quantities of thyroid peroxidase, ~:sI-, and H202 
were incubated together, then subjected to Sephadex G-25 filtration (Fig. 2). 
Effluent fractions, exposed to Glu-Tyr-Glu present in each fraction collector 
tube, were then tested for the presence of iodinated tripeptide by thin layer 
chromatography and radioautography (Fig. 3). 

In Fig. 2, the void volume (Vo) fractions contained all of the protein and 
enzyme activity, compared to a control chromatographed without prior incu- 
bation with L2sI- and H202. Recovery of applied peroxidase was 50%; typical 
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Fig. 2. Gel s e p a r a t i o n  of  ( p e r o x i d a s e  • 1 2 5 i o x i d )  ( [ T P O . l  25 i o x i d ] )  f r o m  low m o l e c u l a r  w e i g h t  compo-  
nen t s .  The  e x p e r i m e n t a l  c o n d i t i o n s  are desc r ibed  in the  E x p e r i m e n t a l  P r o c e d u r e s  sec t ion .  The  i n c u b a t i o n  
s y s t e m ,  c o n t a i n i n g  a p p r o x i m a t e l y  1.4 n m o l  pe ro× idase ,  1.5 n m o l  o f  K 12 S I and  1.5 n m o l  of  H 2 0 2  • in  0 .5  
ml  o f  0 . 0 2 5  M c i t r a t e  b u f f e r ,  pH  5.6 was  app l i ed  to  the  c o l u m n .  5 • 106 c p m  were  app l i ed  to  the  c o l u m n ,  
106 c p m  e m e r g e d  in the  vo id  v o l u m  e, c or resp  o n d i n g  to  0 .4  n m o l  1251 per  n m  ol p e r o x i d a s e .  An a dd i t i ona l  

3 .8  - 106 c p m  was  r e c o v e r e d  in  the  r e t a r d e d  peak .  
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for these experiments. 20% of the total radioactivity was recovered in the void 
volume, representing approximately 0.4 nmol '2sI associated with each nmol 
of thyroid peroxidase. The retarded fractions contained small molecules; 
unreacted ~2sI- and H~O2. 

No low molecular weight iodinating species (e.g., HOI, I3-) was generated by 
the peroxidase during the initial incubation period, since no iodinated Glu-Tyr- 
Glu was detectable in the retarded fractions. 

The thin-layer chromatography and radioautogram of the Vo fractions are 
shown in Fig. 3. The tripeptide and its iodinated derivatives, visualized with 
ninhydrin, migrate as shown. Protein remains at the origin. During the prelimi- 
nary incubation, some iodination of the endogenous protein occurs. The 
remainder of the label is transferred to Glu-Tyr-Glu, forming the iodinated tri- 
peptide. In this experiment, radioactivity was distributed between Glu-Tyr(I)- 
Glu, and protein in the ratio 1.8 : 1, as determined from radioactivities of silica 
gel segments. Paper electrophoresis confirmed the results of Fig. 3; iodopro- 
tein and Glu-Tyr(I)-Glu, were detected by ninhydrin and radioactivity assay, in 
the above ratio. 

As shown in Table II, formation of (peroxidase-Io~d) requires the complete 

GTG IODO GTG 1251 - 

STANDARD STANDARD V~ [TPO-Ioxid ] STANDARD 

Fig.  3.  I o d i n a t i o n  o f  G l u - T y r - G l u  b y  ( p a r o x i d a s e  • I o x i d  ) ; C h r o m a t o g r a p h i c  i d e n t i f i c a t i o n  o f  Glu- [  125 I]  
T y r - G l u .  T h e  V 0 f r a c t i o n  o f  Fig.  2 w a s  l y o p h i l i z e d ,  a p p l i e d  t o  a t h i n - l a y e r  p l a t e  c o a t e d  w i t h  Si l ica  gel 
G, and deve loped ,  u s i n g  a 1 - b u t a n o l / a c e t i c  a c i d / w a t e r  ( 1 2  : 1 : 4)  so lven t  [ 1 3 ] .  The  l e f t - h a n d  l anes  h a v e  
been v i sua l i zed  w i t h  n i n h y d r i n ;  t h e  t w o  r l g h t - h a n d  l anes  are  v i sua l i zed  in  t he  s u p e r i m p o s e d  radioauto-  
graph. E x p o s u r e  o f  t h e  t h i n - l a y e r  p l a t e  to  X - r a y  f i lm w a s  f o r  2 4  h .  G l u - T y r - G l u  w a s  i o d i n a t e d  f o r  u s e  as  
a c h r o m a t o g r a p h i c  s t a n d a r d ,  b y  r e a c t i o n  w i t h  f r e sh ly  d i sso lved  e q u i m o l a r  N - i o d o s u c c i n i m i d e .  The  iodo-  
product s  were  also identi f ied b y  u l t r a v i o l e t  s p e c t r o s c o p y  [ 8 ] .  



324 

T A B L E  II  

R E Q U I R E M E N T S  F O R  I N C O R P O R A T I O N  OF T O T A L  AND T R A N S F E R A B L E  1 2 5 I - INTO T H Y R O I D  
P E R O X I D A S E  G-25 F R A C T I O N S  

Generat ion  and gel separat ion  o f  ( p e r o x i d a s e - 1 2 5 I o x i d ) ,  and d e t e c t i o n  o f  i od inated  Glu-Tyr-Glu w e r e  
carried ou t  as descr ibed in E x p e r i m e n t a l  Procedures .  Th e  V o fract ions  o f  the  c o m p l e t e  s y s t e m  (Exp.  1) 
conta ined  1 pCi o f  i o d i d e - 1 2 5 ,  represent ing  0 .35  n m o l  iodine  assoc iated w i t h  each  n m o l  e n z y m e .  In 3, 

240  pg perox idase  was  inact ivated  by incubat ion  in 1 m M  amino t r i azo le ,  0 .5  m M  E D T A ,  10 pM H 2 0 2 ,  
10 #M KI  and  0.1 M potass ium phosphate ,  p H  7.4,  1 h, 4°C. In 4, 250 #g porc ine  thyrog lobu l in  replaced 
240 pg t hyro i d  perox idase  in the standard incubat ion  s y s t e m .  In 5, 5 n m o l  Glu-Tyr -Glu  and  3 n m o l  H 2 0 2  
w e r e  added to  each V 0 fract ion  prior to  thin  layer  c h r o m a t o g r a p h y .  The  s a m e  pro cedure  wa s  f o l l o w e d  in 6, 
e x c e p t  that  3 n m o l  125 I -  (1 pCi) rep laced  H 2 02  . In exp.  7, 12 S i2 (0 .06 pCi), equ imo la r  w i t h  perox idase ,  
replaced H 2 0 2  and  l 25 I -  in the  i n c u b a t i o n  sy s t e m .  

Incubat ion  s y s t e m  (pre-G-25)  Com p ar at iv e  incorpora-  
t ion  o f  1 2 5 I - i n t o  
prote in -conta in ing  V o 
f rac t ions  (%) 

Transfer o f  1 2 5 I  into  
Gly-Tyr -Glu  in V o 
fract ions  

1. C o m p l e t e  sys t em;  e n z y m e ,  K 1 2 5 I ,  H 2 0 2  100  
2. C o m p l e t e  s y s t e m ,  o m i t  e n z y m e  0 
3. Comple t e  s y s t e m ,  but  perox idase  inact ivated 8 

by pre- incubat ion  wi th  amino- tr iazo le  and 
H 2 0 2  f o l l o w e d  by dialysis  

4. C o m p l e t e  system~ t hy rog lobu l i n  replaces  0 
e n z y m e  

5. Comple t e  sys t em,  o m i t  H 2 0 2  8 
6. C o m p l e t e  s y s t e m ,  o m i t  iodide  
7. E n z y m e  + m o l e c u l a r  i o d i n e - 1 2 5 ;  o m i t  H 2 0 2  6 

and iodide  

Yes  
No 
N o t  d o n e  

N o t  d o n e  

No 
No 
No 

incubation system: Active peroxidase, H202 and iodide (Experiment 1). Forma- 
tion of  (peroxidase-Io~d) is diminished more than 10-fold if active peroxidase is 
omitted, replaced by inactivated enzyme or replaced by thyroglobulin {Experi- 
ments 2, 3, and 4). Omission of H202 also diminishes 12sI incorporation more 
than 10-fold. Moreover, that small amount of '2sI which is incorporated into 
the Vo fraction is not transferable to Glu-Tyr-Glu in the presence of  subse- 
quently added H202 (Experiment 5). In an incubation system containing 
enzyme and H202 (Experiment 6}, the Vo fraction does not carry out iodina- 
tion of  Glu-Tyr-Glu when supplemented with ~2sI-, indicating that under these 
conditions, none of the H202 present in the original incubation system remains 
adsorbed to protein in the void volume; nor does "peroxidase compound I" 
persist during gel chromatography. 

A mixture of  thyroid peroxidase and molecular iodine cannot substitute for 
enzyme, iodide, and H202 (Experiment 7). The small proportion of radioactive 
I2 which remained associated with peroxidase fractions, was not transferable to 
Glu-Tyr-Glu. 

The control experiments summarized in Table II demonstrate that incorpora- 
tion of  transferable 12sI into thyroid peroxidase requires the simultaneous pre- 
sence of active enzyme, iodide and H202. Non-specific adsorption of H202, 
12sI- or ,2s I2 is minimal and cannot account for the radioactive labeling of the 
void volume fractions or the iodination of  Glu-Tyr-Glu in these fractions. 
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Discussion 

Peroxidases, including thyroid peroxidase, catalyze both peroxidation and 
halogenation. Enzymic halogenation has recently been reviewed [12]. One of 
the generally proposed reaction sequences may be outlined as follows: 

Peroxidation: (a) Peroxidase + H~O~ ~ oxidized peroxidase (Compound I) 

(b) oxidized peroxidase + I- ~ (peroxidase-Ioxid) + H20 (1) 

Iodination: (Peroxidase-Ioxid) + acceptor ~ peroxidase + iodinated acceptor (2) 

In Eqn. 1, the enzyme-bound halogen intermediate has been demonstrated for 
peroxidase by gel filtration (this report) and for horseradish peroxidase by spec- 
t roscopy [25--27] and gel filtration [28]. Transfer of enzyme-bound Ioxid to 
an acceptor (Eqn. 2) was shown for peroxidase (this report) and for horsera- 
dish peroxidase [28].  

Iodination of proteins by Is is a well-known reaction [22],  and in theory,  
could be the mechanism by which peroxidase mediated iodinations occur. 
However, a considerable body of  evidence from this and other laboratories 
argues against this scheme. 

We have shown (this report  and ref. 8) that acceptor substrates differ in their 
apparent Km values and in their abilities to compete  for (peroxidase-Io~ad). The 
finding of saturation kinetics and mutual competi t ion implies in itself that 
there is a site for these substrates on thyroid peroxidase. Our data support  the 
conclusions of  Taurog [5], Pommier et al. [6,7] and D~me et al. [29], who 
have shown that the two thyroid peroxidase-catalyzed reactions, generation of 
molecular iodine and iodination of protein, are separate processes, with differ- 
ent iodide dependencies. 

Data on iodide concentration alone are insufficient for a firm conclusion 
about  the iodinating species. Interpretation is complicated by uncertainty 
about  the rate of  iodination by Is, relative to that for (peroxidase-Io~ad). Our pH 
data provide an alternate approach, leading to the same conclusion. We have 
shown that Glu-Tyr-Glu is iodinated by thyroid peroxidase with a different pH 
dependence than that seen for non-enzymic iodination of the same tripeptide. 
Moreover, the pH dependencies of  the two enzymic reactions, generation of 
molecular iodine and iodination of Glu-Tyr-Glu, are also dissimilar. Apparently, 
free iodine is neither a necessary nor even a preferred intermediate in peroxi- 
dase-catalyzed iodination. 

We demonstrated (Figs. 2 and 3) the existence of  a peroxidase-associated 
intermediate, capable of iodinating Glu-Tyr-Glu in the absence of H~O2 and 
iodide. The amount  of enzyme in the incubation system is approximate, 
because all of the presently described peroxidase preparations are of uncertain 
purity. Our analytical data indicate 20--50% purity for our preparation. The 
maximal purity, 50%, was chosen for calculations, to provide a minimum 
estimate for binding of  Io,id to thyroid peroxidase. The conclusions based on 
the binding and transfer experiments would remain unchanged, even at 20% 
enzymic purity. 

Generation of  (peroxidase-Io~a)requires active enzyme, iodide, and peroxide. 
Molecular iodine cannot substitute for iodide and H202; it is not  associated 
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with the peroxidase fraction to any significant extent, nor is the small amount 
of  incorporated label transferable to Glu-Tyr-Glu. This finding eliminates mole- 
cular iodine, formed in the initial incubation and adsorbed to the enzyme, as 
the iodinating species. A low molecular weight iodinating species other than 
unbound I2 has also been ruled out since iodinated tripeptide was demonstrable 
only in the void volume fractions. The data of  Table II eliminate the possibility 
that the substrates, iodide and H202, are adsorbed to protein, emerge with per- 
oxidase in the void volume and iodinate the tripeptide. 

The incubation and gel filtration procedures of  the binding and transfer 
experiments and the general conclusions are similar to those of  Nunez and 
Pommier in their study of  horseradish peroxidase [28].  

The enzyme-associated transferable "Ioxid" has yet to be characterized, both 
with respect to its chemical and oxidation state and its association with the 
enzyme. This work is presently in progress in the laboratory. 
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