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Horse-radish peroxidase catalyzes tb," ¢,xi, lati(m ,,f homogentisic acid in the pre- 
sence of su i fhydryl  comp[Junds t,) form product., , imilar  t,~ tht)se obta ined by the 
spontaneous reactitm [ff benzoquinoneacetic acid with sulfhydryl  agents. Other  
heine proteins, such a~ catalase, cytochrt ,me c. hem~globin and methem(,globin, d,, 
not  cata lyze this ,~xidation. Studies on substra te  spocificity have indicated tha t  a 
number  of aromatic  compounds  containing disuhst i tu tcd  hydroxy  or amin,) groups 
in the para position are .x id ized  in this system. A scheme i.~ presented i l lustrating 
a mechanism t4~ explain the formati~m ,,f th i ,~ ther  derivative.~ of hom()gentisic acid 
and  sul lhydryl  agents  in the prese.nce of  horse-radish perc, xidase. -qimilar reactions 
m a y  be involved in the fi)rmation of ochronoti¢ pigtnent in the connective tissues 
,~f a leaptonuric  subjects or af ter  topical application ~,t" phenol ,~r re~orcinol. 

I N T R O D U t " I I O N  

i t  has been observed tha t  horseradish peroxida.se h;L~ the unusual  property  of cata- 
lyzing the oxidat ion of  homogenti.sic acid. in the pre~ence of ~ , l fhyd~ ' [  com.~,,- , , I-  
such as g luta th ione,  this oxidat ion results in tht- fi,ln,ation of  products  .~imflar to 
those obta ined  by spontaneous reac t io ,  of  I~nzoquincmeacetic acid. the ~:orrc~pond- 
ing quinone of homogentisic acid. with sul thydryl  compounds.  

A Mudy of the requirements  and characteristics of  this pcroxida_se catalyzed 
oxidat ion of homogentisic acid will be p r c ~ n t e d  in this paper, q'he pt:~ibil i ty tha t  
a similar peroxidative reaction is invtflved in the fl~rmation of ochrunutic pigmellt 
in the connective tissues of alcaptov, uric individuals will bc discussed. 

MATERIAl . - ' ;  A N D 31E[HOIL~ 

Materials 

Hom~gentisic acid was obtained from tile Cyclo Chemical Corl~rati tm, Lo.-, 
Angeles, ('alif. (U.S.A.). Reduced gluta thione wa_s ~,btained from the Nut~t~o::al 
Biochemical Corporation. Horse-radish iwr~,xlda.,~ grade A, RZ (Reinhei~zahl), 
approx. 3, and cD,stallinc beef-liver ¢atalase were obtained fi~;m Worth ington  
Biochemical Corporation. 
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Preparation of beneoqtdn~neacetic acid 

13enz(Jquinoneaceti~: acid wag pre.r~ared hy  oxidizing ht~mogentisic acid wi th  
iodine by  a modification of  the  me thod  of  NEtYrtF-t~GER ~. 0.9 rni of  0.05 M sodium 
phc~sphate buffer (pI-I 6.5~ c(mtaining 760/~g of  homogent is ic  acid wa.~ t rea ted  with 
o.[ ml of  o.z N 1~ in 5 %  KI solution. The mix tu re  -~as allowed to s t and  a t  ronm 
t e m p e r a t u r e  for at least 5 rain for the s toichiometr ic  oxidat ion  c)f homogent is ic  
acid to benzoquinon~'acetic acid. 

RE.'gU LT$ 

Re~.ireme~:,., /or the enzymic oxidation of homoge~ttisic acid by hoese-radish p~oxidase 

The  oxidat ion  uf h .mogen t i s i c  acid with horse-radish peroxidase  was followed 
manometr ica l ly  as sh .wn  in Fig. I. In the  presence . f  horse-radish peroxidase  and 
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Fig. u O x i d a t i o n  o f  h f~mogen t i s i c  ac id  iw t h e  p r e s e n c e  o f  horse- r -ad ish  porox ' ;da~ , .  T h e  m a i n  
c , m p a ~ m e n t  (,1 tht. W a r b u r g  ~.e~,~c, ls ¢ o n t o i n c d  o,1 m l  o f  horm_,-radish p c r o x i d a ~ e  { ioo t tg}  in  
o.e .M . ~ l i u m  p h o s p h a t e  htnffer ( p | l  b.5) u . t  m l  o f  p r e v i o u s l y  neu t ra l i z~ , !  r e d u c e d  g l u t a t h i o n e  
(20 p m o l e s )  a n d  adcliti(~nal 0._.2 M s o d i u m  p h o s p h a t e  huf l 'er  (p}! 6.5) t o  inr-ke .~ t o t a l  f luid v o l u m e  
of  2.r~ ml .  T h e  sicie a r m  conta i l~ed 4 . o / ~ m o l e s  o f  homr~genti.~i¢ ac id  in t h e  phospha t t~  b u l l e t ,  or  
bufl~:r ;done .  in  t h e  ~'or:trf~] f lasks ,  o..t vwl o f  zoU~ KOI-t w a s  irt t h e  t~:ntev w e l l  T h e  fl~lc.~ w e r e  
c q u i i i h r a ? e d  for 5 fnin a t  J7* a n d  the: ( x m t e n t s  o f  t h e  s ide a r m  were  t ipp , :0  in t o  s t a r t  t h e  r~eaedon. 
T]~c sha~ring r a t e  ~ s  [8o  o s c i l l a t i o n a / m i n ;  t h e  g a s  p h a s e  ~-as r;-~ C u r v e  A, t h e  o×~da t ion  o f  
4/~m,d,-s. o f  hom¢,g(~ntlsic ac id  w i th  hor~J#.*-radish |~- .roxidas~ a n d  ~o /~moles  o f  reducccl  g l u t a -  
thion~',  c u r v e  13. h tmm--rad ish  pen~xid:~.~e o m i t t e d  f r o m  t h e  ~ a s k s ;  t ;~rve L, g lu t~ t th ione  o m i t t e d  

f r o m  ttl,: f lasks .  

reduced gluta thione,  4/~moles of homogentis ic  acid were rapidly  oxidized with the  
up t ake  of 9o au! of - x y g e n  (Curve AI. This represents  the  ,w take  of  z ~m..)ie of  oxygen /  
/ ,mole of  l~om(~genti~ic acid .x id ized .  Tile oxidat ion  did not  occur  if e i ther  horse- 
radish pe r .x idase  (Curve B) or GSH (Curve C) were omit ted .  The  initial  ra te  of  oxi- 
d a t i . n  was linear with t ime and was prOlx)rtional t .  the amoun t  . f  horse-radish 
pero xidase present  if the a m , u n  t . f  enzym,,  we:'e less than  zo/Jg.  With  larger amounts ,  
the  rate  ~f oxidat ion wa_~ maximal  an.,l independent  ~f horse-radLsh peroxida~,~e con- 
centra t ion.  The  oxidat ion  c,f homogentis ic  acid had a broad  opt imal  pH  range, fx,-~m 
pH b to 8. Non-enzymic  , x i da t i on  of  homogent is ic  acid increased above  pH 8. 

l)ialysis of  h-r.~-radisla peroxidase h)r x6 h against di lute sodium phospha te  
buffer had n~a effect upqn its ca ta ly t ic  ac t iv i ty .  The  ra te  of  ox ida t ion  of h -mogent i s ie  
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ac id  wa~ no t  decr , :ased  if all the c(, l~ii tu, : i t t~ ~f the  r~-action m i x t u r e  were  m w a t e r  
d o u b l y  d is t i l led  f r o m  q u a r t z .  Meta l  che l a t i ng  agent.~, at:oh as  E D T A  a n d  d i e t h y i -  
d i t h i o c a r b a m a t e  h a d  virtually" no  i n h i b i t o r y  effect  on the  o x i d a t i o n  of  hom()gent~sic 
acid.  H o w e v e r ,  boi l ing  hor~e-radi~h pc rox ida~e  fi)r 3o min  c o m p l e t e l y  de.-~troyed it., 
a b i l i t y  to  c a t a l y z e  t h e  (~xidation. Otl~er he ine  pr~tei,a.~, ~uch as calala.ge, cyt<~:hrome c, 
h e m o g l o b i n ,  m e t h e m o g l o b i n ,  a.~ well its h e m a t i n  a n d  ft:rritin, cou ld  not  s u b s t i t t , t e  
for  h o r s e - r a d i s h  p e r o x i d a s c  in thi~ ~vs tem.  In fact .  c a t u l a ~  c o m p l e t e l y  inhibi t~ the  
o x i d a t i o n  o f  h(maogent is ic  acid  b y  ht~r.~e-radish p,:roxid,tse.  Thi.~ tat  ter finCing s t tgges ts  
t h a t  p e r o x i d e  is a c o m p o n e n t  in t he  ox ida t i on .  

' E v i d e n c e  has  bee~t p r e s e n t e d  (Fig. x, C u r v e  (~) t h a t  a s u l t h y d r y l  c o m p o u n d  is 
e s sen t i a l  for t he  c o m p l e t e  o x i d a t i o n  s y s t e m ,  l - x p e r i m e n t s  u s i n g  x ' ; t t - i~ t~  a m o u n : -  ,,¢ 
r e d u c e d  g l u t a t h i o n e  (5, to .  zo  and  4 o ~ m o l e s  per  w.~t.1) i n d i c a t e d  t h a t  for  o p t i m a l  
a c t i v i t y  the  s u l f h y d r y l  c o t n p t m n d  necdecl to be  prt~sent a t  twice  the  c o n c e n t r a t i o n  
o f  h o m o g e n t i s i c  ac id .  W i t h  h~wer r e l a t i ve  a m o u n t s  ~,1 g l u t a t h i o n e ,  the  o x y g e n  up t ; . ke  
p e r  /~mole o f  h o m o g e n t i s i c  ac id  was  retluct-(I. ( ; l u ra~h ione  in excess  o f  t lw 2 : I 

r a t i o  had  n ,  effect  on  t h e  oxygpn  u p t a k e  and  the  e x p e c t e d  res idua l  g l u t a t h i o n e  
cou ld  be  r e c o v e r e d  a t  t he  e n d  o f  the  i.~cul~ali~)n l~.ri-cl. I~ t h e  r a t io  of  g luta th i t~ne 
t o  h o m o g e n t i s i c  ac id  wa.~ e x a c t l y  2 : r, n(~ res idua l  g l u t a t h i o n e  (oxidized - r  r educed)  
w a s  f o u n d  in the  flasks. Th i s  i n d i c a t e d  t h a t  t he  ; u l f h y d r y l  c o m p t m n d  h a d  roac t ed  
c h e m i c a l l y  w i t h  t h e  ~ u b s t r a t e  d u r i n g  the  ox ida t io t : .  I t  wa.~ h )und  I t m t  o t h e r  su l fhy-  
d r y l  c o m p ~ u n d s  cou ld  r ep l ace  r e d u c e d  g l u t a t h i o n e  in this o x i d a t i o n .  "l'he.ge inc luded  
c y s t e i n e ,  th iog lyco l l i c  acid.  h .n tocv .~ te ine  :tnd I:oA. T h e  ox id i zed  forms ,  ox id ized  
g l u t a t h i o n e  a n d  cys t i ne ,  w~-re complctel_v incffec t iv~ a n d  nt) o x i d a t i o n  o f  h o m o -  
gen t i s i c  ac id  o c c u r r e d  in the  p r e s e n c e  of  theee cot~Sl'-,u~tls. F u r t h e r m o r e ,  o t h e r  re- 
d u c i n g  agen t s ,  such  as  a sco rb i c  ac id  a n d  2,6-dichh~r~)plaenolindophenol  cou ld  not  
s u b s t i t u t e  for t h e  ~u l /hvdrv l  comp~>und~ 

Std)strate s/~eci/icity- 

O t h e r  c~mpound-~ were  t e s t ~ i  to  dc : tcrmine  whet l .  :r  t hey  wou ld  be ox id i zed  bx" 
h o r s e - r 0 d i s h  p e r o x i d a s e  a n d  g lu ta tb ic ,  ne in p lace  c~f h o m o g e n t i s i c  acid (Tab le  I). 
2 , 5 - D i h y d r o x y p h ~ n y l p y r u v i c  acid,  rcgorcinol  a n d  p - p h e n y l e n e d i a m i n e  were  all 
ox id i zed  a t  a b o u t  the  s a m e  r a t e  a~. h o m o g e n t i s i c  acid+ Phenol ,  3,5-clihydroxybenz(fie 
acid ,  z , S - d i h y d r G x y p h e n y l a l a n i n e  a n d  h y d r o q u i m m ,  were  app rox ima te lb"  h a l f  as  
a c t i v e  as  ho rnogen t i s i c  acid.  N v n e  of  the  a c t i v e  c,)mF~qunds were  nx id ized  nnle~.~ 
g l u t a t h i o n e  w a s  p r e s e n t  in t h e  i n c u b a t i u n  ves~l.~+ I t  was  o f  intere.~t t h a t  2 ,5 -d ihy-  
d r o x y b e n z o i c  acid  (/4enti.~ic acid)  wa.~ e.~sentiallv i n a c t i v e  in th is  s y s t e m .  No o- 
d i h y d r o x y  CUmlnmnds  were  ox id ized ,  nor  were  the  o- a n d  m - p h e n y l e n e d i a m i n e  
a n a l o g u e s .  T h e  i n c u b a t i o n  p e r i . d  was  c~mt inued  for a t  !east  30 m i n  to be  c e r t a i n  ~hat  
n o n e  o f  the  i n a c t i v e  compound .~  wwulO l>t: t>:iidized aftt ,r  an  ini t ial  lag peri(at .  

The nature of  the produ,'; derived from h,,mogentisic arid, horse-radish pevo~.i,tase a..zd 
glutathio~e 

A t  t h e  e n d  o f  the  i n c u b a t i o n  peri,.}d [a f te r  ~xygc,,.  u p t a k e  h a d  ~ topped l  the  c~n-  
t e n t s  o f  s e v e r a l  e x p e r i m e n t a l  ~ a r b u r g  vcs~eL~ were  poo~-d a n d  acidif ied w i t h  5 N 
H~SO~ in o r d e r  tt: s t u d y  s o m e  o f  the  ehe;nicu!  c h a r a c t e r i s t i c s  o f  t he  p r o d u c t  f o r m e d  
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The oxida t ion  of the var ious  compounds  were followed manomet r i ca l ly  as dt_-o.cril~:d under  
Fig. I. The Ila.~k.~ contnin~xl o, 2 M m×tlum phospha t e  buffer (pH6+5) -'Ol, molos of  reduced 
glutathit~nc, o.z nxl of  ht)rse-radi.~h peroxidase ( too/~g I and  4/~rnoles t)f the t:ompound$ listed 

below. 

.1~.1"6,# )l~l.'$,~ttTIt~ itFI ~l~Tfl'l_ f CO~'~'IpOM~t~£ I t  

u~ take  tn  

t {omogentisic acid 
(2 .5 -d ihydroxyphcny lac r  tic acid) too  

2,5.Dihyc;toxvt~henyli)yru~.'ic acid ~c~o 
l~csorcin(d t on 
#- l)ht.nylened iamlne 9o 
l>hcnol 6o 
3.5- I )~hydroxybenzoic acid 60 
2.5- l)ih vd r<,.~ y i)ht.n yla tat;toe 50 
H','~lr~>quioone 3o 

Gentis ic  acid 
(2.5-dihydroxylu:nznic acid) 

2,3- L)it~.vdroxytmnzoi¢ acid 
3,4-Dihydrc,xyl~enzoic acid 
z,4- I)ihydroxybenzoic acid 
2°0-Dih ydroxybenzoic acid 
o-Phenylened iaminc  
m- Phenyhmediamine  
p-  H ycl cox yphen ylpyr l ,  vie acid 
3 .4 -Oihydroxypheny  lalanine 
Phen yla lanine  
Tyro~in c 
I t i s t id inc  
Proline 

* The imt ia l  Yatc of o×ygcn upt~tke ~'as ex t r a ixda t e d  to  calcula te  th(: ra te  in a to-rain 
period \Vlth some compounds,  i.t., homogenti_--ic acid. the  reac t ion  was comple te  in less than  
I - rain. 

"" ln~xcttvc ~ . ' O t l l p C l l l l l l l S  ;tT~." t|lO.";l" (~xidized at  ra tes  less than  ; /~l[min. 

f r o m  h o m o g e n t i s i , -  a c i d  a n d  g l u t a t h i o n c .  I t  a p p e a r e d  p r o b a b l e  t h a t  h o m o g e n t ] s i c  
a c i d  w a s  , x i d i z e d  t~  i t s  c o r r e s p o n d i n g  q u i n o n e  ( b e n z o q u i n n n e a c c t i c  ac id}  w h i c h  t h e n  
r e a c t e d  w i t h  g l u t a t h i o n c  t o  y i e l d  a r , 4 - a d d i t i o n  p r<x luc t  (a t h i o e t h e r  d e r i v a t i v e ) .  I t  
is  w e l l  k n o w n  t h a t  m a n y  q u i n o n e s  e a s i l y  u n d e r g o  1 , 4 - a d d i t i o n  r e a c t i o n s  w i t h  sulf-- 
h y d r y l  c o n q × m n d s  2-6. T h e  o x y g e n  c o n s u m p t i o n  (T t~mole)  a n d  t h e  d L ~ a p p e a r a n c e  o f  
g l u t a t h i o n e  ( z / J m n l e s )  for  e a c h / a n n i e  o f  h o m o g e n t i s i e  a c i d  o x i d i z e d  sugges t~M t h a t  
2 m o lecuh ' . s  o f  g l u t a t h i o n e  h a d  a d d e d  in a t h i o e t h e r  l i n k a g e  t o  e~ach m o l e c u l e  o f  
h o m o g e n t i s i e  a c i d  (.~ee F i g .  2). 

P r o d u c t ~ ;  p r e p a r e d  c h e m i c a l l y  b y  m i x i n g  b e n z o q u i n o : z e a c e t i c  a c i d  a n d  g l u t a -  

C N 0 OH 

r ~ ' ~  o~c0c~ 

: ; "  0 qH 

C- 0 

~ " ~ " ~  c~'ec(m~ r.r~ ~ s ~ c v a c e c .  .tp 

0 

Fig. z Postulated .~cheme for the formation of a thioether derivative of homogcntlsic acid ~nd 
Kin" , th ione catalyzc~l by  hortt~-L"adish p0roxidaae. 
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t h ione  were compnre¢! wi th  tl:u Fr',>ducts o b t a i n e d  in the  e n z y m i c  ox ida t io~  o f  h o m o -  
gent i s ic  aci,t a n d  g lu t a th ione .  "[']te prodL, cts  bt)th reduced  m o l y b d a t e t ,  * an, t  am-  
m o n i a c a l  ~ilver ¢, as wo~ild be expecte<i if t h e y  ~t!!i r~t;~inecL a free p - d i h y d r o x y p h e n y l  
s t r u c t u r e .  B o t h  procluct::  were cons ide rab ly  m o r e  wa te r  soluble t h a n  homogen t i s i c  
i c id  aild cou ld  t~ot be e x t r a c t e d  in to  b u t a n o l  f rom an acid st)lution. The  .~>, o f  the  
p r o d u c t s  were iden t ica l  (o. z3) a n d  were m u c h  lower thlm for homogent is i t :  ;:cide 
(0.70) iv_ a buta~)t>l-acetie a c i d - w a t e r  .~ tven t  sys t em l ' h e  e n z y m i c a l l y  p repared  and  
c h e m i c a l l y  prt,pnxed p r o d u c t s  weft; light yel low in n~,utral ;tnd acid solut i tms and  
t u r n e d  d a r k  b r o w n  in alkali.  T h e y  were aL~o ina~:tive as subs t r a t e s  for h , m o g e n t i s i c  
ac id  o x i d a m ,  the  enzym, :  wh ich  c o n v e r t s  homogen t i s i c  acid to maleylacetoact, . t~c 
acid.  

T h e  e n z y m i c a l l y  a n d  chemica l l y  p r epa red  g l u t a t h i o n e  add i t ion  p r o d u c t s  also 
h a d  s imi lar  a b s o r p t i o n  sl>ectra in the u l t rav io le t  II:ig..3, Curve  C). 15oth product~  

0.6 ,'- 

i0,_\ \ 

zltO ~'70 ~'ao 290 ...',OO ~,,o 3~'0 $~o 540 

tN~V~ LEINGT H rm.u) 

Fig. 3- ~Xl~sorption ~pectra of homogciltiMc acid. t)enzoquinoneacetic aci(t an,! iheir sulfhydryl 
addition products. C u r v e  A. sF~cctrum of homogt~ntisic acid in o.z ~I sodium ph~.~}that(~ butler 
(pH 6.5). The c o n c e n t r a t i o n  of Ixonit~cntisic actd w a s  t 3 l+g/ml, Hght path t cm.  Curve [I. spec- 
trum of tmnzoquinoneaeetic ac id  in o.2 M st~lium phosphate buffer (pH (~-3). The concentration 
of the quinone was 13#g/ml. Curve C. the spectra of arklition prtxlucts prepared chemically 
with benzoqninoneaeetm acid ( l - - - I )  ~nd enzymicadly with ht)mogentisie acid (O - O )  were 
identicaL B~nzoqttinoneac(~t-i~- acid and glutathion~ wer~ mi×ed trto. z 3I phosphate bufl~:r (pH 6.~) ; 
concentration of tile quinone, x3 t~g/ml in aliquot ~rtalvzct| sl~:ctrophotometricall y. "The enzym- 
ica, lly prel:m.red addition wa.~ ~tnaly=ed after incubating ho(uogcntimc acid. glutatbione and hor.~e- 
radi.Bh F~roxidase mnometr ica l ly  a s  described in Fig. t. The aliquot measured wa_~ equivalent 
to x3 t~g/ml of homogcnti~ic acid. The ident-lcal spectrum al.~) app~-ared in the enzyffti¢ react.ion 
and was followed .~p~-ctrop|~otometr'ically in a eu~,ett~: containing horse-radish peroxidase (zoo !zg). 
reduced glutathione (5to/~g~ and homogentisic acid (l 3/,g/m[] and the same buffer; total tiuid 

volume, 3.0 mi. 

h a d  iden t i ca l  peaks  a t  3o5 m/~ a n d  the  ab~orbancy  at  the  peak  of  the  enzymic  pro- 
d u c t  h a d  the  va lue  e x p e c t e d  ca l cu la t ed  f rom the  a b s o r b a n c y  of  the  add i t ion  prtJduct  
p r e p a r e d  chemica l ly  by  m i x i n g  b e n z o q u i n o n e a c e t i c  acid a n d  g lu t a th ione .  The  reac- 
t i on  be tween  h o m o g e n t i s i c  acid,  horse - rad i sh  peroxicla~e a n d  g l u t a t h i o n e  could  al.~) 
be  fo l lowed s p e c t r o p h o t o m c t r i c a l l y .  L 'u r ing  the  rcac t i0n  t he re  was  a dJ.~appearance 
o f  h o m o g e n t i s i c  acid (Cui~'e A) a n d  a concumitaz~t  a p p e a r a n c e  o f  a new  specttaam 
ident ica l  to  t h a t  o f  Cur~'e C. The re  was  no d i s a p p e a r a n c e  o f  the  homogen t i s i c  ac id  
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in the ab.~ence ,>f either g luta thione or horse-radish peroxidase The spontaneous  
lea< lion c,f l~mZOtluinoneacetic acid ,and gluta th ione  could not be followed .~pectro- 
photometr ical ly  because of its rapidi ty.  Less than  x min after  mixing, the absorp- 
t ion spectrum of benzoquinoneacetic acid (Curve B) was replaced by the spect rum 
of the addit ion product (Curve C). 

I)i.~(:L'S.%ION 

A mechanism to explain the format ion of  th~nether derivat ives of  homogentisic 
aci(l and gluta thione cata lyzed by  horse-radish peroxidase has been i l lustrated in 
Fig. 2. The requ i remer t  f.>r horse-radish tx'xoxida.~ '. appears to be relat ively specific, 
a~ the oxidat ion of hornogentisie acid is not ca ta lyzed by  other  heme proteins, such 
as catalase, cytochrome c, hemoglobin and methemoglobin.  "lhe observat ion tha t  
catalase inhibits the peroxidase-catalyzed reaction suggests tha t  hydrogen peroxide 
[or an organic peroxide which can be decomposed bv cataLase) is utilized in the  oxi- 
dation. Although it is rea.,~nable to p r o p o ~  tha t  a trace metal  part icipates in tim 
react ion by generat ing peroxide, perhaps by the decomposit ion of g luta thione,  there 
i~ no direct evidence f,,r such a requ i r tment .  Prolonged dialysis of the peroxidase 
and metal  binding agents did not reduce the enzymic: act ivi ty .  I t  is also evident  from 
the  rnP.nornetric da ta  tha t  no initial lag occurred in the oxidat ion of homogentisic 
acid as might ~ expected if a meta l  ca ta lyzed ~mrce  of peroxide were required tn 
initiate the reactton. 

Most of  the substrates oxidized in the horse-radish peroxidase sys tem are pars  
d ihydroxypheny l  or d iaminophenyl  comlx3unds. In addit ion,  phenol,  r~orc inol  and  
3,5-dihydroxyb~--nzoic acid are also oxidized. None of the ortho d ihydroxypheny l  
compounds  tested, such as Dopa (3,4-dihydroxyphenylalanine) ,  were active.  How- 
e v e r ,  RO.~TON 9 has rex:ently reported tha t  tyrosinase catalyzes the fortnation of 
addi t ion products of  sulfhydryl  compounds  with an oxidized derivat ive of Dope. 
While it appears tha t  the ~ubstrate specificity of horse-r',ulish peroxidase and tyro- 
sina.~e are dist inct ,  the mechanisn~ of formation of  thc~se addit ion products  m a y  be 
quite sixzkilax. 

Among the compounds oxidized by horse-radish peroxida_se, at least three 
(humogentisic acid, phentd and re-~Jrcinol) are known to produce ochronotic pigmen- 
tation in connective tissues. Ochronosis, .secondary to the chronic application of 
phenol for the t r ea tment  of  skin ulcers, is well known t°, and similar prolonged treat-  
merit with resort:inol leading to ochronosi:; has recent ly  been describedXL Ochronosis 
in individuals with a lcaptonuria  is due to the accumulat ion of homogentisic  acid and. 
its fur ther  oxidat ion to ochronotic pigment in connective tissues. "l-he complicated 
biochemical steps leading to ochronosis in a lcaptonur ia  are not  known,  but  recent  
invest igat ions in this laix)ratory have inoicated tha t  oxidat ion of homogentisic  acid 
to L'enzoquinoneacetic acid is probably the ini tal  step in this  processtt, x=. It  is per- 
haps significant t ha t  gentisic acid (z,5-dihydroxybenzoic acid), the only p-dihy-  
d roxyphenyl  compound tested and found not to be oxidized by  horse-radish per0- 
xidase, also does not  produce ochronotic p igmenta t ion af ter  oral administrationt~,  ~5. 
In view of these observations, it will be of interest  to search for oxidases or peroxi- 
dases of mammal ian  tissues with properties and  specificity similar to those described 
for horse-radish peroxidase. 
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