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Summary 

Enzymes capable of catalyzing the bromination of p-hydroxybenzyl alco- 
hol by Br- have been shown to be present in crude homogenates of the alga 
Rhodomela larix (Rhodophyta). There are also indications of such activity in 
the marine invertebrates Thelepus setosus and Ptychodera flava laysanica. 

Detailed analysis of R. larix samples indicated that the activity in this species 
is greatest in the late spring and summer. After partial purification the enzyme 
had a pH optimum of approx. 4.4, a temperature optimum around 32°C and 
was inhibited by NAN3. This algal bromoperoxidase requires the presence of 
H202 and can brominate monochlorodimedon and oxidize iodide, but it cannot 
oxidize chloride. The enzyme appears to be particulate. 

Introduction 

Many algae and marine invertebrates have been found to contain brominated 
compounds which, in some species, can account for as much as 9% of the dry 
weight of the organism [1]. In recent years, the existence of enzymes.capable 
of halogenating organic compounds have been demonstrated in various algae 
[2--4]. Indeed, Theiler et al. [3] have suggested that marine organisms may 
account for a significant portion of the halogenated hydrocarbons found in the 
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marine environment. Many of these have been attributed in the past to industrial 
waste [5]. The antibiotic activity of metabolites such as the bromophenols of  
Rhodomela larix [6] and the potential of bromoperoxidases for the commer- 
cial production of  brominated flame retardants have generated new interest in 
these enzymes. 

Materials and Methods 

R. larix (Turner) C. Agardh, a red alga, was collected at Point Partridge on the 
west coast of Whidbey Island in the state of Washington during March, July, 
and September of  1977 and in January, April, June, August, and November of 
1978. The algae were frozen within 3 h of collection and thereafter stored at 
--I0 °C. 

P. flava laysanica (Spengel), a hemichordate acorn worm, and T. setosus 
(Quatrefages 1865), a marine annelid, Family Terebellidae, were collected at 
Kahala Beach and Kaneohe Bay, respectively, on Oahu Island, Hawaii, in 
January of 1977. They were frozen immediately and thereafter stored at 
--10°C. 

3,5-Dibromo-4-hydroxybenzyl alcohol 
A stirred solution of p-hydroxybenzyl  alcohol in 15 ml acetic acid was 

treated with 5 g Br2 and allowed to stand for 20 min. The crystals which sepa- 
rated were recrystallized from ethanol, washed with cold ethanol, and dried 
under reduced pressure to yield the product as irregular, short, thick prisms 
(1.08 g), m.p. 114--115°C, (Auwers and Daecke [7] give m.p. 116--117°C) 
NMR (C2H3CO22H) 4.7 (s, 2H), 7.6 (s, 2H), and 2.2 (d, 2H); ultraviolet (EtOH) 
208 nm (32 812 M -1 • cm -1) and 288 nm (1147 M -1 • cm-1). 

Preparation of bromoperoxidases 
(a) Crude preparations from worms. A suspension of 15 g worms (approx. 10 

in number) in 25 ml 50 mM phosphate buffer (pH 5.4) containing 24% sucrose 
was homogenized at 4°C in 15 s bursts for a total of 10 min. The slurry was 
then filtered through cheesecloth. In some cases the product  filtrate was 
dialyzed overnight against 50 mM phosphate buffer (pH 5.4). 

(b ) Crude preparations from alga. A suspension of 500 g R. larix in a 250 ml 
solution was homogenized and filtered as described above. The filtrate was 
centrifuged at 10 000 > g  for 30 min. In some experiments, the 10 000 X g 
pellets were mixed with equal volumes of 2% digitonin solution and homoge- 
nized in a Teflon ® tissue grinder before recentrifugation at 32 000 Z g for 30 
min. 

(c) (NH4)2S04 0--30% and 30--60% fractions. A 30% saturated (NH4)2SO4 
solution containing the undialyzed R. larix crude preparation was centrifuged 
at 10 000 X g for 30 min. The (NH4)2SO4 concentration of the supernatant was 
increased to 60% saturation and centrifugation was performed as before. Each 
precipitate was taken up in 50 mM phosphate buffer (pH 5.4), homogenized in 
a Teflon ® tissue grinder and centrifuged at 32 000 X g for 30 min. The super- 
natants obtained were designated the 0--30% and the 30--60% fractions. 

(d) Sephadex G-IO0 fraction. Gel filtration of (NH4)2SO4 fractions was 
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carried out  by  using Sephadex G-100 columns (44 X 2.5 cm) equilibrated with 
50 mM phosphate buffer  (pH 5.4). The protein content  of  fractions was estab- 
lished by  the method of  Lowry  et al. [8] and enzymic activity by  the oxidation 
of  iodide (see below). The pooled fractions having oxidative activity consti tute 
the Sephadex G-100 fraction. 

Enzyme assay 1: bromination of  p-hydroxybenzyl alcohol by crude worm and 
algal preparations 

Crude tissue preparations were stirred for 40 min at 23°C in the dark in 80 
ml solutions which consisted of  38 mM phosphate buffer  (pH 5.4), 1.25 mM 
p-hydroxybenzyl  alcohol, and NaBr/H202 (a, 2.0 : 4.0 mM, or b, 50 : 1 mM). 
Equal amounts  of  tissue preparations heated for 20 min at 75°C prior to assay 
were used in the control  experiments.  The reaction mixtures were then filtered 
and extracted with ethyl acetate (3 × 60 ml). The dried (Na2SO4) extracts were 
filtered, concentrated under reduced pressure, transferred to polyethylene vials, 
and allowed to evaporate to dryness. The samples were quantitatively analyzed 
for bromine by neutron activation analysis, as described by  Schulze [9] ,  and 
qualitatively analyzed by  TLC with n-hexane as the solvent. 

Alternatively, ethanol solutions containing the samples were layered on 
cross-linked poly(vinyl pyrrolidone) columns prepared as described by  Olsson 
and Samuelson [10].  The ultraviolet absorption of  the eluates was monitored 
spectrophotometrical ly,  p -Hydroxybenzyl  alcohol was eluted by  using 1 mM 
aqueous HC1. The brominated derivatives were then eluted from the column 
with 3 M aqueous acetic acid. 

Enzyme assay 2: bromination of  p-hydroxybenzyl alcohol by G-IO0 fractions 
from R. larix 

G-100 fractions from R. larix were stirred for 40 min at 23°C in the dark in 
160 ml solutions which consisted of  22.5 mM phosphate buffer  (pH 2.7, 4.4, 
5.4, or 7.0)/1.25 mM p-hydroxybenzyl  alcohol/50 mM NaBr/1.25 mM H202. 
The control experiments contained neither p-hydroxybenzyl  alcohol nor H202. 
The reaction mixtures were then prepared for neutron activation analysis as 
described in enzyme assay 1. 

Enzyme assay 3: bromination of  monochlorodimedon 
Bromoperoxidase preparations were assayed in 3.1 ml 20 mM phosphate 

buffer (pH 4.4) containing 160 /~M H:O2, 5.2 mM NaBr and 78 pM mono- 
chlorodimedon synthesized as described by  Hager et al. [ 11 ]. Enzymic activity 
was measured by  the decrease in monochlorodimedon absorbance at 291 nm 
(19700  M -1 • cm -1} at 22°C. 

Enzyme assay 4: oxidation of  iodide 
Bromoperoxidase preparations were assayed in 3.1 ml 20 mM phosphate 

buffer (pH 4.4) containing 0.5 mM H202 and 10 mM KI. The reaction rate was 
calculated from the increase in absorbance at 350 nm according to the method 
of  Hosoya  [12].  Controls containing no enzyme Were also run and the differ- 
ence between the two rates was used to determine the rate of  enzyme-catalyzed 
triiodide complex formation.  
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Results and Discussion 

Enzymic bromina tion of  p-hydroxy benzyl alcohol 
Table I demonstrates that a substance with an  R F value much larger than 

that of the starting material, p-hydroxybenzyl alcohol, and comparable to that 
of a brominated derivative, such as 3,5<libromo-4-hydroxybenzyl alcohol, was 
extracted with ethyl acetate from reaction solutions containing crude tissue 
preparations of P. flava laysanica, but not from those containing heated tissue 
preparations of that organism. Although the exact structure of the compound 
formed was not determined, the behavior of mono- and dibrominated phenols 
and benzaldehydes (R F 4 8 - - 6 8 )  relative to their respectively nonbrominated 
starting materials (RF 42--51) on TLC silica gel plates (toluene/ethyl formate/ 
formic acid (50 : 40 : 10, V/V/V)), as observed by Manley and Chapman [4], 
supports the tentative identification of the compound as a brominated deriva- 
tive of p-hydroxybenzyl alcohol. Neutron activation analyses of these extracts, 
as well as extracts of similar reaction solutions, containing crude preparations 
of R. larix (collected in the summar) or dialyzed T. setosus indicated that 1.6-- 
2.2 #mol Br/g tissue were incorporated into the compounds extractable with 
ethyl acetate. 

In contrast, only 0--0.6 #mol Br/g tissue were incorporated into the reaction 
solutions containing R. larix collected in March, November, or January. The 
seasonal variation in the brominating activity of R. larix is plotted in Fig. 1. 

When extracts of reaction solutions containing R. larix (collected in the 
summer) were chromatographically separated on cross-linked poly(vinyl pyr- 
rolidone), it was found that a compound with an ultraviolet absorption maxi- 
mum (~max 273 nm) and an elution volume similar to the starting material, 
p-hydroxybenzyl alcohol, was obtainable from both active algal solution 
extracts and extracts of algal reaction solutions containing 1 mM NAN3, a 
general inhibitor of peroxidases. When acetic acid was applied to the column 
the active extracts 'yielded 1.2--2.5-times more ultraviolet-absorbing compound 
than the control extracts. Identification of the compound from the second 

T A B L E  I 

R F V A L U E S  O F  p - H Y D R O X Y B E N Z Y L  A L C O H O L ,  3 , 5 - D I B R O M O - 4 - H Y D R O X Y B E N Z Y L  A L C O H O L ~  
A N D  T H E  E N Z Y M I C A L L Y  S Y N T H E S I Z E D  p - H Y D R O X Y B E N Z Y L  A L C O H O L  D E R I V A T I V E  

S a m p l e  R F v a l u e s  * 

p - H y d t o x y b e n z y l  a l c o h o l  3 4  - -  
3 , 5 - D i b r o m o - 4 - h y d r o x y b e n z y l  a l c o h o l  - -  5 4  
Extrac t s  o f  s t i r r e d  r e a c t i o n  s o l u t i o n s  **  

C r u d e  p r e p a r a t i o n  
A s s a y  p r o c e d u r e  l a  3 4  6 0  
C r u d e  preparat ion  
A s s a y  p r o c e d u r e  l b  3 4  6 0  

H e a t e d  c r u d e  p r e p a r a t i o n  ( 7 5 ° C ,  2 0  r a i n )  
A s s a y  p r o c e d u r e  l b  37  - -  

H e a t e d  c r u d e  p r e p a r a t i o n  ( 7 5 ° C ,  20  r a i n )  
N o  s u b s t r a t e s  - -  - -  

* D e v e l o p e d  o n  1 0  c m  s i l i ca  ge l  T L C  p l a t e s ,  n - h e x a n e  so lvent .  
**  So l u t i ons  c o n t a i n e d  2 m l  c r u d e  p r e p a r a t i o n s  f r o m  t h e  w o r m  P. flava laysanica. See  assay procedu.~e 1. 
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Fig.  1.  S e a s o n a l i t y  o f  b r o m o p e r o x i d a t i v e  a c t i v i t y  in  t h e  a lga  R. larix, o ~, R .  larix c r u d e  prep~t ra t ion  
(1 .8  g a lga) ,  see M e t h o d s ,  e n z y m e  as say  l b .  o o, R .  larix c r u d e  p r e p a r a t i o n  (1 .8  g a lga) ,  see Meth -  
ods ,  e n z y m e  as say  l a .  N e u t r o n  a c t i v a t i o n  va lues  axe c o r r e c t e d  f o r  b r o m i n e  f o u n d  in  c o n t r o l s .  ~ ~, 
R. larix 3 0 - - 6 0 %  f r a c t i o n  ( a p p r o x .  2 0  ~zg p r o t e i n ) ,  see M e t h o d s ,  e n z y m e  assay  4 .  

fraction as a brominated derivative of p-hydroxybenzyl alcohol is based on the 
observation of Olsson et al. [13], that introduction of halogens into aromatic 
compounds increased their retention volumes upon elution from cross-linked 
poly(vinyl pyrrolidone). These results, while not conclusive, strongly suggest 
the enzymic bromination of p-hydroxybenzyl alcohol in the presence of crude 
preparations of the two worms and the alga. 

Partial purification of R. larix bromoperoxidase 
Throughout these purification steps, enzymic activity was determined by 

monitoring the conversion of iodide to the triiodide complex. The (NH4)2SO4 

T A B L E  II 

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

Spec i f i c  a c t i v i t y  n m o l  i o d i d e  o x i d i z e d / r a i n  p e r  m g  p r o t e i n ;  t o t a l  un i t s ,  

A L G A  R. L A R I X  

pxnol  i o d i d e  o x i d i z e d / r a i n .  

S t e p  Spec i f i c  T o t a l  
a c t i v i t y  u n i t s  

Yie ld  P u r i f i c a t i o n  
( p e r c e n t )  f a c t o r  

( - f o l d )  

C r u d e  p r e p a r a t i o n ,  d i a l y z e d  9 5 . 0  
( N H 4 ) 2 S O  4 p r e c i p i t a t i o n :  

0 - - 3 0 %  f r a c t i o n ,  1 0  0 0 0  X g pe l l e t  6 9  12 .9  
0 - - 3 0 %  f r a c t i o n ,  3 2  0 0 0  X g s u p e r n a t a n t  7 8  1 .7  
30---60% f r a c t i o n ,  1 0  0 0 0  X g pe l l e t  1 7 . 0  
3 0 - - 6 0 %  f r a c t i o n ,  3 2  0 0 0  X g s u p e m a t a n t  8 8  8 .3  

Ge l  f i l t r a t i o n :  
S e p h a d e x  G - I O 0  f r a c t i o n  1 3 9  7 .6  

100 1.00 

2 6 0  7 .7  
32 8.8 

342 

1 6 7  9 .9  

1 5 3  1 5 . 7  
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Fig. 2. F r a c t i o n a t i o n  of  R.  larix b r o m o p e r o x i d a s e  on  Sephadex  G-100.  The  30- -60% f rac t ion  was  l ayered  
on  the c o l u m n  and  e lu ted  wi th  50  m M  p h o s p h a t e  b u f f e r  (pH 5.4) .  e - - - - - - - ~  p ro t e in  was m o n i t o r e d  b y  
u l t rav io le t  abso rbance ;  o ©, e n z y m i c  ac t iv i ty  of  0.5 ml  c o l u m n  e lua te  a l iquots  was  d e t e r m i n e d  b y  
a ~ a y  p rocedu re  4. 

fractions contained significantly more activity than the crude preparations 
(Table II). Low enzymic activity in crude preparations of  Rhodophytes  has 
been attr ibuted to the presence of  sulfate and other inhibitory ions [14].  The 
elution volume of bromoperoxidase from the Sephadex G-100 column was 
only slightly larger than the void volume; consequently,  maximal activity was 
found on the shoulder of  the peak associated with void volume material 
(Fig. 2). 

Effects o f  digitonin on enzyme activity and solubility 
Treatment with digitonin, a surfactant, increased the activity of  the prepara- 

tions only moderately prior to further centrifugation, but  thereafter the activ- 
ities of  the supernatants of  the 0--30% fraction and 30--60% fraction were 145 
and 83% greater, respectively, than those of  fractions not  treated with digitonin 
(Table III). Because of  this, and the fact that  activity was distributed among 
any (NH4)2SO4 fractions prepared (e.g., 0--25 to 60--80%), we believe that  the 
enzyme is particulate. Pedersen [2] and Theiler et al. [3] came to similar con- 
clusions with regard to other  algal haloperoxidases. 

Bromoperoxidative activity: assay by spectrophotometric methods 
The brominating activity of  R. larix was calculated from the rate of  forma- 
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T A B L E  I I I  

T H E  E F F E C T  OF D I G I T O N I N  ON T H E  A C T I V I T Y  A N D  S O L U B I L I T Y  OF R. L A R I X  B R O M O P E R O X -  
I D A S E  

B r o m o p e r o x i d a s e  f r ac t ion  T r e a t m e n t  E f f ec t  

A d d i t i o n  of  S u b s e q u e n t  B r o m o -  Increase  o f  
d ig i ton in  cen t r i fuga t i on  pe rox ida t ive  ac t iv i ty  due  
(f inal  conc .  1%) [32  000  X g ac t iv i ty  * to  t r e a t m e n t  

s u p e r n a t a n t ]  

0 - - 3 0 %  sa t u r a t ed  no  no  1 .38  
( N H 4 ) 2 S O  4 p rec ip i t a t e  yes no  1 .76  } 27% 
(10  000  X g pel le t )  no  yes 0 .66  1 145% yes  yes  1 .64  f 

30 - -60% sa t u r a t ed  no  no  2 .49  
( N H 4 ) 2 S O  4 p rec ip i t a t e  yes  no  2 .66  } 7% 
(10  000  X g pel let)  no  yes 1 .54  

yes  yes  2 .82  ~ 83% 

* /zmol m o n o c h l o r o d i m e d o n  b r o m i n a t e d / m i n  pe r  ml  of  original  b r o m o p e r o x i d a s e  f rac t ion .  

tion of  2-bromo-2¢hloro-5,5<limethyl- l ,3¢yclohexanedione (monobromomo- 
nochlorodimedon).  No loss of  absorbance at 291 nm was observed when either 
enzyme preparation, H202 or NaBr was omitted from the reaction mixture, and 
the loss of  absorbance was linear for approx. 60 s at pH 4.4. It was found that 
under optimal conditions o f  pH, temperature and reactant concentrations, the 
specific activity of  the enzyme for bromination of  monochlorodimedon was 
2-fold that for iodide oxidation. 

0.4 

O. 2 oJO 

, , , 

0 2 . 5  5 . 0  7 . 5  10 .0  

Enzyme preparation (~ug proteln) 

Fig. 3. T he  e f f ec t  o f  R.  larix e n z y m e  c o n c e n t r a t i o n  on  the  ra te  of  b r o m i n a t i o n  o f  m o n o c h l o r o d i m e d o n .  
T h e  e n z y m i c  ac t iv i ty  o f  the  S e p h a d e x  G-100  f r ac t ion  was  d e t e r m i n e d  b y  assay p r o c e d u r e  3. 
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Fig.  4. T h e  e f f e c t  o f  s u b s t r a t e  c o n c e n t r a t i o n s  on  R. larix b r o m o p e r o x i d a t i v e  ac t iv i ty .  T h e  30 - -60%  frac- 

t i on  was  the  e n z y m e  sou rce  used.  All o t h e r  r e a c t i o n  c o n d i t i o n s  w e r e  as desc r ibed  in M e t h o d s ,  assay 
p r o c e d u r e  3, e x c e p t  fo r  the  N a B r  c o n c e n t r a t i o n  (1 .29  m M ) .  o o, m o n o c h l o r o d i m e d o n ;  ~ ~, 

H 2 0 2  ; u ~, NaBr.  

The rate of  formation of  bromochlorodimedon was linear with respect to 
enzyme concentration in the range of  concentrations used (Fig. 3). The data 
presented in Fig. 4 show that enzymic activity at low concentrations of  H202 
or Br- increased linearly with respect to the log of  substrate concentrations,  
bu t  at higher concentrations of any of the three substrates the enzyme was 
inhibited. Maximal enzyme activity was attained when Br-,  H202, and mono-  
chlorodimedon concentrations were 1.3, 0.3, and 0.013 mM, respectively. 

The temperature profile of  bromoperoxidat ive activity illustrated in Fig. 5 
indicates that  the maximal activity is approx. 32°C. When the enzyme was sub- 
jected to temperatures above 23°C for 20 min prior to the assay, however,  a 
significant diminution of  activity was observed. Although dilute, partially puri- 
fied preparations of  membrane or organelle-bound enzymes do not  reflect the 
state of  the enzyme in vivo, it is no tewor thy  that an enzyme preparation from 
an alga exposed during the day to high air temperatures {approx. 30°C) in the 
summer months  is not  stable at temperatures higher than 23°C. 

As shown in Fig. 6, the effect of pH on the brominative and oxidative activ- 
ity of  R. larix bromoperoxidase is the same, whether the substrate halogenated 
is p-hydroxybenzyl  alcohol, monochlorodimedon,  or iodide. R. larix bromo- 
peroxidase differs from all haloperoxidases heretofore described in that the pH 
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Fig. 5. T he  e f fec t  of  t e m p e r a t u r e  on  R. larix b r o m o p e r o x i d a t i v e  ac t iv i ty .  The enzymic activity was  de te r -  
m i n e d  b y  assay p r o c e d u r e  3. The  bars  ind ica te  t he  va r i a t i on  in the  t e m p e r a t u r e  of  the reaction solut ions .  
o o, e n z y m e  was  h e a t e d  to t e m p e r a t u r e  i nd i ca t ed  for  20  m i n  pr io r  to  reaction. 

value (4.4) for optimal activity lies between the halogenation optimum pH of 
2.8 for the fungal haloperoxidase [15] and the optimum pH of 5.4 for the red 
algae, Cystoclonium purpureum [2] and Bonnemaisonia hamifera [3], and 7.0 
for Odonthalia floccosa [ 16 ]. 

Seasonality and stability of  the algal (R. larix ) enzyme 
As shown in Fig. 1, bromoperoxidative activity in R. larix is highest in late 

summer and either very low or nonexistent in winter. 
Frozen samples of R. larix retained 50% of their bromoperoxidative activity 

after storage at --!0°C for 6 months. Crude preparations having low specific 
activity and low protein concentration lost activity rapidly, as much as 50% in 4 
days, when stored at either --10°C or 10°C in 30 mM phosphate buffer at either 
pH 5.4 or 6.0. However, preparations containing greater than 10 mg protein per 
ml and having specific activities greater than 0.084 units/mg protein, could be 
stored frozen for several months without any significant loss in activity. 

Halide specificity and inhibition 
Bromoperoxidase from R. larix has been shown to catalyze the formation of 

monobromomonochlorodimedon from monochlorodimedon in the presence of 
bromide but not the formation of dichlorodimedon in the presence of chloride. 
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Fig. 6.  T he  e f fec t  of  p H  on  the  b r o m i n a t i v e  and  oxida t ive  ac t iv i ty  of  R. larix b r o m o p e r o x i d a s e .  Ac t iv i ty  
was  d e t e r m i n e d  b y :  ~ ~,  the  b r o m i n a t i o n  of  p - h y d r o x y b e n z y l  a lcohol  ( e n z y m e  assay p r o c e d u r e  2. 
1 0 0 %  m a x i m a l  e n z y m i c  ac t iv i ty  c o r r e s p o n d e d  to  17 ,4  ~ m o l  b r o m i n e  i n c o r p o r a t e d  in to  c o m p o u n d s  
ex t r ac t ab le  wi th  e t hy l  ace ta t e ) ;  o o, the  b r o m i n a t i o n  of  m o n o c h l o r o d i m e d o n  ( e n z y m e  assay proce-  
dure  3);  and  D a the  ox ida t ion  of  iodide  to  the  t r i iodide  c o m p l e x  ( e n z y m e  assay p r o c e d u r e  4).  

It is unclear whether  or not  the enzyme catalyzes the formation of  iodochloro- 
dimedon in the presence of  iodide, since under those conditions the possible 
loss of  absorbance at 291 nm is obscured by  the increase of  absorbance due to 
the formation of  I~. It is of  interest that  the natural concentrat ion of  bromide 
in sea water, approx. 0.82 mM [18] ,  i§ within the range in which the velocity 
of  enzyme~catalyzed bromination,  v, is sensitive to small changes of  bromide 
concentration (see Fig. 1 ). 

Unlike the fungal chloroperoxidase which catalyzes the chlorination, bromi- 
nation, and iodination of  nucleophilic acceptors [15] ,  R. larix bromoperoxi-  
dase does not  appear to chlorinate such compounds.  This probably explains 
why no chlorinated metabolites have been discovered in R. larix, while bromo- 
metabolites are reported to account  for as much as 9.2% of the dry weight of  
R. subfusca collected in Japan [1] ,  and approx. 5% of the dry weight of  R. 
/ar/x found at our collection site [17].  Monobromomonochloro-3,4<l ihydroxy-  
benzyl alcohol and dibromomonochloro-3,4~l ihydroxybenzyl  alcohol have 
recently been isolated from R. confervoides [19] ,  bu t  in quantities so much 
lower than those of  the bromophenols  in that  algae, that  they had escaped 
detection in previous investigations [20--22].  

It is characteristic of  heme peroxidases to oxidize I- [23].  This algal bromin- 
ase shares this ability, and is subject to 100% inhibition by  low concentrations 
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(1.3 pM) of  NAN3, long recognized as an inhibitor of heme proteins. In addi- 
tion, the absorption spectra of the fractions, eluted from Sephadex G-100 
columns which exhibited brominati0n and iodide oxidation activity, showed an 
absorption shoulder at 395--410 nm which corresponds to the prominent Sorer 
band characteristic of porphyrins. Although purer preparations of  the enzyme 
must be obtained to determine the presence or absence of  the secondary proto- 
porphyrin absorption bands, we propose that the enzyme is probably a heme 
peroxidase. 

When 19 mM acetate or citrate was substituted for phosphates as buffer, 
bromination of monochlorodimedon underwent 61 or 57% inhibition, respec- 
tively. Thus, they are inappropriate for use as buffers in experiments involving 
bromoperoxidases. 
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