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Peroxidase activity found in the ribonucleoprotein particles 
from pea seedlings and rabbit liver 

While  s tudy ing  ttne RNase  and re la ted  enzymes m the R N P  frcnn pea seedlings, we 
found tha t  the  par t ic les  possessed peroxidase  ac t iv i ty .  Al though :~ucleic acids have 
been repor ted  to have peroxidase  ac t i v i t y  ~, the ac t i v i t y  in the  R N P  was too s~rong 
to be a t t r i bu t ed  to the nucleic acids conta ined  in the  part icles,  suggesth~.g ~:hat the 
enzyme peroxidase  was present  iJ? the RNP.  The R N P  from rabbi t  !iv<or a s o  showed 
peroxidase  act ivi ty .  

R N P  fro}~ pea seedh:Jzg, s 

3-day-old  pea seedlings were de t ached  from their  cotyledon% c~t h~to sinai! 
pieces, cooled to 5 ° an(] ground in a mechanical  mor t a r  wi th  2 re] .  o.5 2!.S saerose;. 
The ground  mater ia l  was f i l tered th rough  a cot ton cloth and the f i l t rate  was ce~)trihiged 
at  5o,ooo >< g for 30 rain in a Spinco p repa ra t ive  centr ifuge (with No. 5c" rotor.).  The 
supe rna t an t  was fur ther  centr ifuged at  zoo,ooo g for zoo rain and the prec ip i ta te  
of R N P  (possibly eontai3~ing snlall microsomes) was collected, suspended ~. water,  
and  the suspension cel~trifuged at  xo,ooo / g for 35 rain z. MgC]2 was added  to the 
supe rna t au t  to a concentra t ion of 0.05 M and the p rec ip i t a te  was coliccted as a 
R N P  p repa ra t ion  a. This p repara t ion  conta ined z5z t~g RNA-phosphorus  a~ld 2.o G.U'. 
(guaiacol unit) and 965 B.U. (beI~.zidine unit) of peroxidase /mg N (~ G.U. ;u defined 
as the amoun t  of enzyme which produced 17 nng te t raguaiaco!  at  5 °0 i~ z5 mh? 4. 
I peroxidase  unit  s = 500 G.U.;  I B.U. is defined as the amount  of the el~zyrr~e which 
caused an increase of absorbancy  at  6o0 ml~ of o.I  during the first 5 n~i~ of the reactio~; 
a t  I5 ° in the  following react ion mix tu re :  5 m] o.z 3S ace ta te  buffe~; pH 5-3, z mi 
0.05 O,/o benzidine,  I mi 0.05 % H 2 0 , ,  . . . .  a~d enzyme in a to ta l  volume of <.a mi.] The .PIt 
op t imum of the  peroxid~lse was found at  5.3 when guaiaco] or be~lzJ.dr~ie was used as 
subst ra te .  The enzyme also reac ted  equal ly  welt with o ther  phe~ols and aromatrc  
amines. I t  could be sohxbilized from the R N P  by  the compounds  which com]?iT?e with 
meta l  ions: c i t ra te ,  phospb.ate a_nd E D T A  (see Tab]e I), suggestii~g tha i: the enzyme is 
combined  on the par t ic les  through meta]s,  Peroxidas¢ is ge~aeral]y prcser.~: i~.q pian~ 
cells in a considerable  amount ,  and  i~ pea  seedlings, about  I/3 of the tot:~] Feroxidase 
ac t iv i ty  was contained in the microsomes and R N P  fractions.  The p~J--5-~r~_~.c!Jon aiso 
had  some ac t i v i t y  (see Table  II) .  The absorpt ion  spec t rum of the .,~olubi]Jzed e~zym~ 
showed a max imum at  about  4IO my~. This m a y  be the same as c3:~:(?c]?ro]ne ,!~:~ (see 
ref. 6) which was found in the microsomes from si!ver-beat  petioles and w~mat roots, 
and  m a y  also correspond to peroxidase  b (see ref. 7) which was p repared  from b~:oad- 
bean leaves, because the peroxidase  b has an absorpt io~ spectrm:a similar  i:o ~:hat o~ 
the cy tochrome b group. 

R N P  from rabbif live~" 

R a b b i t  l iver was cut Jute sma]] pieces and was washed with cold phvs idog ica l  
saline in order  to remove blood. The washed peaces: were homogenized and the R N P  
was f rac t iona ted  by  the same procedure  as appl ied to pea. seedlings. The prepara t ion  

Abbreviations ; ]{NA, r~bonucleic acid; RNase, rJbomJctease; }~NP: rJbcm;clco]}roteil? par- 
ticles; EDTA, ethylenediaminetetraacc{ic acid. 
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T A B L E  I 

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

R N P  was su spended  in the  ind ica ted  solut ions.  The  p H  of these  so lu t ions  were 6.0 in the  case 
of pea  seedl ing and  5.3 in the  case of rabbi t  l iver.  The  suspens ions  were cen t r i fuged  a t  io,ooo × g 
for 3 ° mill  excep t  ill t he  case of sucrose,  when  IOO,OOO × g for 12o m i n  was  used.  The  pe rox idase  
ac t iv i t ies  of b o t h  suspens ions  and  s u p e r n a t a n t s  were assayed .  In  the  case of pea  seedling,  the  
ac t iv i ty  was m e a s u r e d  by  read ing  the  abso rbancy  a t  47o m #  unde r  t he  s ame  condi t ion  as t he  B.U. 
d e t e r m i n a t i o n  excep t  t h a t  guaiacol  was  used as subs t ra te .  In  the  case of r abb i t  l iver,  t he  ac t iv i ty  
was  m e a s u r e d  unde r  the  s ame  condi t ion  as t he  B.U. de t e rmina t ion .  The  pe rox idase  ac t iv i ty  is 

expressed  in pe rcen tage  of the  ra te  ob ta ined  wi th  the  suspens ion  in water .  

Treatment 
Pea seedling Rabbit liver 

Suspension Supernatant Suspension Supernatant 

W a t e r  I oo 8 I oo 67 
Sucrose,  0. 5 ~V/ ioo  20 
Ace ta t e  buffer,  o.I M i i i  22 77 63 
E D T A ,  o.ooi ~ / i n  ace ta te  buffer  i i i 38 lO2 63 
E D T A ,  o.oi M in ace ta te  buffer  IOO 47 97 66 
E D T A ,  o.1 M in ace ta te  buffer  lO3 45 
P h o s p h a t e  buffer,  o.i  M lO6 48 
C i t r a t e - p h o s p h a t e  buffer,  o.I M 97 57 lO5 59 

T A B L E  II  

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

Cell debris  and  large  par t ic les  (nuclei, mi tochondr ia )  were ob ta ined  as p rec ip i ta te  by  cen t r i fug ing  
t he  h o m o g e n a t e  a t  20,000 × g for 15 min ,  and  mic rosomes  were sepa ra ted  f rom the  mi tochondr i a l  
s u p e r n a t a n t  by  cen t r i fug ing  a t  50,000 × g for 30 min .  F u r t h e r  cen t r i fuga t ion  of t he  s u p e r n a t a n t  
ob ta ined  a t  ioo,ooo × g for 12o mi n  gave  the  IRNP as precipi ta te .  The  pH-5  f rac t ion  was  p repa red  
f rom the  mic rosomal  s u p e r n a t a n t  by  the  add i t ion  of o.i  M acetic acid to b r ing  i ts  p H  to 5.2 and  
collect ing t he  prec ip i ta te  by  cent r i fuga t ion .  The  clear, final s u p e r n a t a n t  was  also used for assay .  
Pe rox idase  ac t iv i t ies  of pea  seedl ing and  r abb i t  l iver  were a s sayed  by  the  m e t h o d s  shown  in Table  I. 
The  perox idase  ac t iv i ty  is expressed  as pe rcen tage  of t he  ra te  ob ta ined  wi th  the  whole  h o m o g e n a t e  

ill t he  case of pea  seedl ing and  wi th  mic rosomal  s u p e r n a t a n t  in t he  case of r abb i t  l iver.  

Fractions Pea seedling Rabbit liver 

H o m o g e n a t e  ioo 
Cell debr is  and  mi t ochond r i a  8 
Microsomes  Io 
Microsomal  s u p e r n a t a n t  ioo 
R N P  17 31 
pH-5  f rac t ion  18 46 
F ina l  s u p e r n a t a n t  47 23 

w a s  p i n k i s h  a n d  c o n t a i n e d  2 1 / x g  R N A - p h o s p h o r u s  a n d  8 B . U .  o f  p e r o x i d a s e  a c t i v i t y /  

m g  n i t r o g e n .  T h e  p e r o x i d a s e  i n  t h e  R N P  w a s  n o t  l o s t  b y  w a s h i n g  w i t h  o. 5 M s u c r o s e ,  

b u t  m o r e  t h a n  a h a l f  of  t h e  a c t i v i t y  w a s  s o l u b i l i z e d  b y  w a t e r  o r  a c e t a t e  a n d  c i t r a t e  

b u f f e r s  (see  T a b l e  I ) .  T h e  p H  5 - f r a c t i o n  a l so  h a d  p e r o x i d a s e  a c t i v i t y  (see  T a b l e  I I ) .  

T h i s  e n z y m e  f r o m  l i v e r  h a s  v e r y  s h a r p  s p e c i f i c i t y  t o w a r d  s u b s t r a t e s ,  a m o n g  w h i c h  

b e n z i d i n e  s e e m s  t o  b e  t h e  b e s t .  T h e  p H  o p t i m u m  w a s  f o u n d  a t  t h e  s a m e  p H  v a l u e  a s  

t h a t  o f  t h e  p e a - s e e d l i n g  e n z y m e .  A l t h o u g h  t h e  t e s t  w i t h  b e n z i d i n e  l e a v e s  s o m e  r o o m  

fo r  a m b i g u i t y  b e c a u s e  t h i s  s u b s t r a t e  c a n  b e  o x i d i z e d  e v e n  b y  h a e m o g l o b i n  o r  h a e m a -  

t i n ,  t h e  f a c t  t h a t  t h e  p e r o x i d a s e  a c t i v i t y  w a s  e l i m i n a t e d  b y  h e a t i n g  w h i l e  t h e  h a e m a t i n -  
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ca ta lysed  oxida t ion  is res is tant  to this t r ea tmen t ,  was evidence tha~. the per.oxidase 
ac t i v i t y  in the p repa ra t ion  was not  due to free haemat in .  This was .>q)ported b y  the 
fact t ha t  the  enzyme in the  l iver  R N P  x~as able to oxidize guaiaeo]. -/he a!>.orption 
spec t rum of the  solnbilized enzyme showed a m a x i m u m  a.t about  4s:o rap,; the  enzyme 
m a y  correspond to cy toehrome b s (see ref. S, 9) which was %and Jn the ~-nkrosomes 
from rabb i t  l iver,  and  which m a y  also be responsib]e for the  peroxJda~> ~ ac t iv i ty  
in bovine l iver  *° or ra t  uterus  j-J. 

Since the amount  of R N A  in the  R N P  preparatioJ~s, especially 1:bat fro~a Ji','e~, 
is small,  t hey  p robab ly  contain other  components  of the  microsomes. This seems to be 
due to the  omission of deoxychola te  and buffers which are ordir~arii 3 emp]oyed %r 
these prepara t ions .  Deoxychola te  is known not  oa ly  io solubilJze ]ipid:-" bu t  :-)lso to 
combine recta] ions. Thcrefore,  enzymes which are bomld  on ]?NP thro:.@ ~. mci:a] 
ions are preserved on the R N P  prepared  wi thout  deoxychola te ,  wbi!e etimi~;i:io_~a of 
the  metal  ions b y  deoxvcbola te  is l ikely to cause the loss of the enzymes {hJ:oug]-, 
solubil izat ion in the o!her prepara t ions .  

We have  found ]?reviously a RNase  *~ and related enzymes (3% ue]eotidasc a~]d 
pur ine  nucleoside ribosidase) ~a h] the  R N P  from pea seedlings. These facts suggesl  
t ha t  nucleic acid is metabol ized  in R N P  and also tha t  Jt contai~s >ant]~ine o>:idase or 
m:icase. In  fact, the c-.:istence of ~m:Jcase in l iver  microsomes has a l r eady  been re- 
ported~L Both xanthJ~.e oxidase ap.d. uricase p r o d ,  ce H~O~, w b i d  5s r~ec:~s~;;~r 3- fo~ 
peroxJdase ac t iv i ty .  \Vhen the R N P  prepara t ions  from pea seedlings a~d r abb i t  ]iver 
were incnbated  with uric  acid and guaiacol or benzidJne at  p H  5..3 or 7.5 at  37 ¢: for 
3omin,  coloured produc ls  were  formed. This showed tha t  H~O~ we~- produced 1)3; 1he 
uricase reaction.  Howe,~:e_r, the co]ours were m~lJke those which appea red  when l~eO ~ 
is added.  W i t h  guaiacol,  ~.:]~e react ion mix ture  was pink coloured, co~npar,~:d v i i h  a 
brownish yellow when HeO~ is added.  W i t h  benzidine,  the  reacl ion nd>",'ur,? wa= 
yellow compared  to b b e  Although some peroxidase  ~ can oxidize uric acid: they  
require the  addi t ion of ]-]~0~ and the react ion produc t  has no co!ou:7. 

Thus, the  present  resu l ts  seem 1:o allow us to  postu]ate  t he  ;-xistence of the  
peroxidase  sys tem l inked with nuc]eie acid metabo]fi.~m i~ the RINP. ] t  v, Jl] be at, 
in teres l ing  problem to ident i fy  the real subs t ra te  of perox.idase i:: l ee  li~ h~g cells. 
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