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Histone Hydrolase in Tadpole Liver 

D u r i n g  t h e  l a s t  severa l  years ,  h is tor ies  h a v e  a t t r a c t e d  
a g r e a t  deal  of a t t e n t i o n  because  of t h e i r  close spac ia l  
r e l a t i o n s h i p  to  D N A  in t h e  cell  a n d  t h e i r  i n h i b i t o r y  
ef fec t  on  t h e  f u n c t i o n  of D N A  1. I t  is, the re fore ,  of g r e a t  
i m p o r t a n c e  to  e x a m i n e  t h e  degree  of h e t e r o g e n e i t y  a n d  
t u r n o v e r  of va r ious  f r a c t i o n s  of h i s tones .  Howeve r ,  a m p l e  
ev idence  ha s  i n d i c a t e d  t h a t  s tud ies  of t h i s  t y p e  h a v e  b e e n  
c o m p l i c a t e d  b y  t h e  f ac t  t h a t  h is tor ies  are  eas i ly  h y d r o l y z e d  
e v e n  d u r i n g  t h e  m o s t  ca re fu l  i so la t ion  c o n d i t i o n s  2-4. \~% 
h a v e  r e c e n t l y  r e p o r t e d  t h e  p resence  of a p r o t e o l y t i c  
e n z y m e  in r a t  k i d n e y  mic rosomes  wh ich  hyd ro lyzes  basic  
p ro t e in s  such  as h i s tones  a n d  p r o t a m i n e  5. I n  t h e  course  
of a s ea rch  for  a good s t a r t i n g  m a t e r i a l  for  f u r t h e r  
pu r i f i ca t ion  of t he  e n z y m e  we h a v e  obse rved  in  t h e  
t adpo l e  l iver  a n  e n z y m e  w h i c h  was  s o m e w h a t  d i f f e ren t  
f rom t h e  r a t  k i d n e y  e n z y m e :  t he  t a d p o l e  e n z y m e  h a d  
a n  o p t i m u m  p H  a r o u n d  6 -8  whi le  t h e  r a t  e n z y m e  h a d  
9.0, a n d  t h e  f o r m e r  was loca ted  in t i le  cy toso l  whi le  t he  
l a t t e r  was  in  t h e  m i c r o s o m a l  f rac t ion .  B o t h  e n z y m e  
p r e p a r a t i o n s  were  specif ic  t o w a r d  bas ic  p ro t e in s  such  as 
poly lys ine ,  p r o t a m i n e  a n d  historic,  However ,  t h e  t a d p o l e  
e n z y m e  was m o s t  a c t i v e  on  po ly lys ine  whi le  t h e  r a t  
e n z y m e  was on  p r o t a l n i n e .  F u r t h e r m o r e ,  a d d i t i o n  of 
some o t h e r  p r o t e i n s  such  as a l b u m i n ,  g lobu l in  a n d  poly-  
g l u t a m i c  acid i n h i b i t e d  t he  a c t i v i t y  of t h e  e n z y m e  f rom 
t adpo l e  l iver  whi le  t h e s e  p r o t e i n s  were  w i t h o u t  effect  
o n  t h e  e n z y m e  f rom r a t  k i d n e y  microsomes .  Some  of 
t h e  i m p l i c a t i o n  of t h e  ro te  of t h e s e  e n z y m e s  in t h e  
con t ro l  of t h e  a m o u n t  o f  h i s t o n e  h a v e  been  discussed.  

Var ious  p ro t e in s  used  in  T a b l e  I I  were  o b t a i n e d  f rom 
S i g m a  Chemica l  Co. (St.  Louis ,  Mo.) a n d  Rana  ¢ales- 
beiana t a d p o l e s  f rom C o n n e c t i c u t  V a l l e y  Biological  
S u p p l y  Co., S o u t h a m p t o n ,  Mass.  Va r ious  his tor ies  were  
pu r i f i ed  f rom t y p e  I I - A  of S igma  b y  t he  m e t h o d  desc r ibed  ~. 

De t a i l ed  p rocedure s  for  t h e  e n z y m a t i c  a s say  were  
desc r ibed  prev ious lyS;  for  e ach  assay,  l ivers  f rom 3 
t a d p o l e s  were  pooled.  T h e  l ivers  were  h o m o g e n i z e d  in 
0 . 2 5 M  sucrose  so lu t ion  as 20% w i t h  a n  e lec t r i ca l ly  
d r i v e n  t e f lon  homogenize r .  T he  h o m o g e n a t e  was passed  
t h r o u g h  a d o u b l e  l aye r  of cheese-c lo th .  I n  t h e  case of 
t a d p o l e  tai l ,  t h e  ta i l  was  cu t  in to  sma l l  pieces, t i le pieces 
were h o m o g e n i z e d  a n d  t h e  s u p e r n a t a n t  a f t e r  c en t r i f ug ing  
t h e  h o m o g e n a t e  a t  1000g in c l in ical  cen t r i fuge  for 1 ra in  
was  t a k e n  for assay.  I/a 0 a n d  0.2 m l  (2 concen t r a t i ons )  
of t h e  h o m o g e n a t e ,  0.2 ml  of s u b s t r a t e  p r o t e i n  suspens ion  
(0.6 mg), 0.1 ml  of 0 . 5 M  p h o s p h a t e  bu f f e r  a t  p H  6.0 
in a t o t a l  v o l u m e  of 0.5 m l  were  i n c u b a t e d  a t  37°C for 
20 min .  T h e  r e a c t i o n  was  t e r m i n a t e d  b y  a d d i t i o n  of 
0.5 m l  of 30% t r i ch lo race t i c  acid (TCA). F o r  a con t ro l ,  

t h e  s u b s t r a t e  p r o t e i n  suspens ion  was a d d e d  a f t e r  t he  
r eac t i on  was  s t opped  b y  TCA. The  m i x t u r e  was  cen t r i -  
fuged  a t  39,000g for  10 min ,  a n d  a p o r t i o n  of t h e  c lear  
s u p e r n a t a n t  (usual ly  0 .05-0.2  ml)  was  t r a n s f e r r e d  to  a 
C o l e m a n  s p e c t r o p h o t o m e t e r  e u v e t t e  (19 x 105 ram)  w h i c h  
c o n t a i n e d  a p r e d e t e r m i n e d  a m o u n t  of N a O I I  to  n e u t r a l i z e  
t he  p H  of t h e  so lu t ion  to  a b o u t  5. W a t e r  was  t h e n  a d d e d  
to  b r ing  t h e  t o t a l  v o l u m e  to  1.0 m l  a n d  t h e  n i n h y d r i n  
color  was  deve loped  acco rd ing  to  t h e  m e t h o d  d e s c r i b e d L  
T h e  va lues  in  t h e  fo l lowing e x p e r i m e n t s  are  t he  ave rage  
of d u p l i c a t e  d e t e r m i n a t i o n s  for  e ach  two  e n z y m e  con-  
c en t r a t i ons ,  a n d  h a v e  b e e n  co r rec ted  for  t he  cont ro l .  
T h e  e n z y m e  a c t i v i t y  is expressed  as specif ic  a c t i v i t y  
w h i c h  co r responds  to A~s0 /20min /mg  e n z y m e  p ro t e in .  
One u n i t  of A~s 0 co r responds  to 0.24 vmoles  of leucine.  
T h e  e n z y m e  ac t iv i ty ,  the re fore ,  is a n  increase  of n in-  
h y d r i n  color in  15~o TCA-so lub le  f r ac t ion  a f t e r  r e a c t i n g  
t he  s u b s t r a t e  p r o t e i n  w i t h  t h e  e n z y m e  p r e p a r a t i o n .  
P r o t e i n  c o n c e n t r a t i o n  was  d e t e r m i n e d  b y  t h e  m e t h o d  
of LOWRY et  al. 8, a n d  subce l lu la r  f r a c t i o n a t i o n  of t a d p o l e  
l iver  was  ca r r i ed  o u t  accord ing  to  t h e  m e t h o d  of 
SCHNEIDER 9. 

T h e  m a j o r i t y  of t he  e n z y m e  has  been  f o u n d  in t he  
cy toso l  of t he  t a d p o l e  l iver  (Table  I). Th i s  is qu i t e  in  
c o n t r a s t  t o  t h e  h i s t one  h y d r o l a s e  f o u n d  in r a t  k i d n e y  
w h i c h  was  loca ted  in microsomes~.  F u r t h e r m o r e ,  t h i s  
p a t t e r n  of d i s t r i b u t i o n  of t he  e n z y m e  d i s t i ngu i shes  i t se l f  
f r o m  c a t h e p s i n s  w h i c h  h a v e  been  r e p o r t e d  to  b e  in  
lysosome f r a c t i o n  x0. F igu re  1A i l l u s t r a t e s  t h a t  app rox i -  
m a t e l y  0.5 m g  of his tor ic  t y p e  I I - A  suspens ion  s a t u r a t e s  
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Table I. Distribution of histone hydrolasc among various subcellular fractions of tadpole liver 

Fraction Volume Protein TotaI Enzynle Total enzyme Recovery 
protein activity activity 

Protein Enzyme 
(ml) (mg/ml) (rag) (Asso/20 mini (As~0/20 min} (%) (%) 

mg protein) 

Whole homogenate 4.0 20.7 82.8 0.821 67.9 100.0 100.0 
Nuclear 5.0 3.17 15.9 0.843 13.4 19.2 19.7 
Mitochondrial 3.0 3.08 9.2 1.194 11.0 11.1 16.2 
Microsomal 4.0 3.92 15.7 0.589 9.25 19.0 13.6 
Soluble • 3.6 9.90 35.6 1.111 39.6 43.1 58.3 

Soluble fraction was obtained by centrifuging 4.0 ml of whole tmmogenate at 105,000g for 1 h. The rest of tile conditions are the saule as 
described under methods. 
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Table II. Specificity of histone hydrolase 

Substrate protein Enzyme Increased 
added (0.6 mg) activity ~ or decreased 

by added 
protein a 

None b 0.63 
Polylysine 3.33 + 2.67 
Protamine 2.02 + 1.39 
Histone type II-A o 1.56 + 0.93 

CM-cellulosc-column purified: 
Slightly lysine-rich histone 2.74 + 2.11 
Lysine-rieh historic 2.30 + 1.67 
Arginine-rieh historic 1.30 + 0.67 

Pnlyarginine 0.52 --0.11 
Albumin, bovine serum 0.45 --0.18 
Polyglutamic acid 0.41 --0.22 
Ribonuclease, pancreatic 0.40 --0.23 
Globulin, egg white 0.27 --0.36 
Lysozyme 0.19 --0.44 

Enzyme activity is expressed as Ass0/20 min]mg enzyme protein. 
+ sign indicates increase and - -  sign for decrease by the addition 
of proteins, b This value indicates the enzyme activity due to  
endogenous substrate protein. When the enzyme preparation was 
boiled for 5 min, this endogenous enzyme activity was completely 
abolished. ~ Commercial histone type II-A of Sigma Chemical Co. 
is a mixture of various histones. 
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Fig. A) Effect of histone concentration. In order to show clearly 
the effect of histone concentration, the values in the figure were 
corrected for the enzyme activity with endogenous substrate protein 
(without added histone), Milch was 0.32 Ass0/20 min]mg enzyme 
protein. Detailed experimental procedures are described in text. 
B) pH-curve. Phosphate buffer was used for the pH range of 5-7, 
and Tris-HC1 buffer for 9-10.5. Experimental conditions are de- 
scribed in text. C) Enzyme concentration. Experimental conditions 
are described in text. D) Effect of incubation period. 2 mg of enzyme 
protein was used. 

t h e  hyd ro lys i s  s y s t e m  u n d e r  t h e  cond i t i ons  used.  F u r t h e r -  
more ,  t h e  p H  o p t i m u m  was  f o u n d  to  be  b e t w e e n  6 
to  8 (F igure  1B) w h i c h  is s o m e w h a t  lower  t h a n  t h e  
h i s t o n e  h y d r o l a s e  f rom r a t  k i d n e y  5 a n d  h i g h e r  t h a n  t h a t  
of c a t h e p s i n  which  ha s  t h e  o p t i m u m  p H  a r o u n d  5. U n d e r  
t he  c o n d i t i o n s  used  t h e  c o n c e n t r a t i o n  of  t h e  e n z y m e  
p r e p a r a t i o n  is l i nea r  to  t h e  a m o u n t  of p r o d u c t  fo rmed  
(Figure  1C), a n d  t h e  e n z y m e  a c t i v i t y  is p r o p o r t i o n a l  to  
t he  per iod  of i n c u b a t i o n  up  to  a b o u t  40 m i n  (Figure  1D).  
The  e n z y m e  is h igh ly  specif ic  t o w a r d  bas ic  p ro t e in s  such  
as poly lys ine ,  p r o t a m i n e  a n d  va r i ous  h i s tones  (Tab le  II) .  
A m o n g  t h e  basic  p ro te ins ,  po ly lys ine  is t he  m o s t  sus- 
cep t ib le  to  t h e  hyd ro lys i s  b y  t h e  enzyme.  However ,  in  
t h e  case  of his tor ic  h y d r o l a s e  f r o m  r a t  k idney ,  t h i s  poly-  
pep t ide  was  a poo r  s u b s t r a t e  5. I t  is of i n t e r e s t  to  n o t e  
t h a t  all  t h e  p r o t e i n s  e x c e p t  t h e  ones  m e n t i o n e d  a b o v e  
r a t h e r  i n h i b i t e d  t h e  e n z y m e  a c t i v i t y  o n  t h e  e n d o g e n o u s  
s u b s t r a t e  p r o t e i n  (w i thou t  a d d e d  pro te in) .  T h e  signif i-  
cance  of t h i s  o b s e r v a t i o n  is n o t  c lear  a t  p resen t .  How-  
ever,  t h i s  m i g h t  sugges t  t h a t  t he  va r ious  p ro t e in s  p r o t e c t  
t he  bas ic  p r o t e i n s  f rom t h e  h y d r o l y t i c  ac t ion  of t h e  
e n z y m e  in vivo.  Such  a f i nd ing  was  no t  o b s e r v e d  w i t h  
t he  e n z y m e  i so la ted  f rom r a t  k i d n e y  mic rosomes  s. 

F r o m  t h e  foregoing  re su l t s  i t  is e v i d e n t  t h a t  t h e  
p r e s e n t l y  desc r ibed  p ro t eo ly t i c  e n z y m e  in  t adpo l e  l ive r  
is no t  s im i l a r  to  t he  e n z y m e  f rom r a t  k i d n e y  no r  to  c a t h e p -  
sins.  F u r t h e r m o r e ,  i t  was  f o u n d  t h a t  t h e  e n z y m e  a c t i v i t y  
in  t a d p o l e  l iver  a n d  t a i l  d id  n o t  s ign i f i can t ly  c h a n g e  
d u r i n g  t h y r o x i n e - i n d u c e d  m e t a m o r p h o s i s  ( u n p u b l i s h e d  
da ta ) .  S ince  c a t h e p t i c  a c t i v i t y  in  t a d p o l e  ta i l  has  been  
r epo r t ed  to  increase  ex t ens ive ly  d u r i n g  m e t a m o r p h o s i s  n ,  
t he  a b o v e  o b s e r v a t i o n  aga in  s u p p o r t  t he  c o n t e n t i o n  t h a t  
t he  p r e s e n t  h y d r o l a s e  is a h i t h e r - t o - u n r e p o r t e d  p ro t eo -  
ly t ic  enzyme .  

Since t h e  a m o u n t  of h i s t one  w h i c h  is c o n j u g a t e d  w i t h  
D N A  in t h e  cell nuc l eus  is in  a p p r o x i m a t e  u n i t y  a n d  t h e  
h i s t o n e  is s y n t h e s i z e d  in  t h e  c y t o p l a s m  I~-, 13, t h e r e  m u s t  
be  a t i g h t l y  con t ro l l ed  f e e d - b a c k  con t ro l  m e c h a n i s m  
o p e r a t i n g  to  con t ro l  t h e  a m o u n t  e v e n t u a l l y  de l ive red  
i n to  t h e  nucleus .  T h i s  couId b e  a c h i e v e d  b y  e i t h e r  con-  
t ro l l ed  s y n t h e s i s  or  con t ro l l ed  d e g r a d a t i o n  of a n  excess  
a m o u n t  of historic.  I t  is q u i t e  poss ible  t h a t  t he  p r e s e n t l y  
d i scussed  p ro t eo ly t i c  e n z y m e  in t h e  cy toso l  in  t he  t adpo l e  
l iver  m i g h t  h a v e  a n  i m p o r t a n t  role in  t h i s  c o n t e x t  14. 

Rdsumd. Le c y t o p l a s m e  du foie de t ~ t a r d  c o n t i e n t  une  
e n z y m e  qui  h y d r o l y s e  sp6c i f i quemen t  les p ro t6 ines  ba-  
s iques  te l le  que  la  polylys ine ,  la p r o t a m i n e  et  les h i s tones .  
L ' a d d i t i o n  d ' a u t r e s  p ro t6 ines  tel les  que  l ' a l b u m i n e ,  la  
g lobu l ine  e t  l ' ac ide  p o l y g l u t a m i q u e  inh ibe  l ' a c t i v i t 6  de  
c e t t e  enzyme .  Les  r 6 s u l t a t s  o b t e n u s  m o n t r e n t  que  c e t t e  
h y d r o l y s a s e  e x t r a i t e  du  foie de  t~ t a rd  diff6re des  c a th6p -  
s ines  ou de l ' h i s t o n e - h y d r o l a s e  du  re in  de  r a t .  
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