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Table 2. Effect of L-lysine administration on the biosynthesis and degradation of L-aseorbic acid by the liver (the values are means • S. E. M.) 

Group of animals L-ascorbic acid synthesized 
from D-glucuronolactone 
([xmoles/g microsomal protein) 

from L-gulonolactone 
([xmoles/g microsomal protein) 

Dehydroascorbatase activity 
(~tmoles of 2-3 diketogulonic 
acid formed/g soluble 
supernatant protein) 

Pair-fed control 97.4 • 9.9 (4) 

Treated 57.6 4- 4.9 (5) 
p ~ 0.01 

280 • 19 (4) 639 • 27 (5) 

18S • 12 (5) 485 • 29 (5) 
p <0.01 p < 0.01 

The figures in the parentheses indicate the number of animals. 

ascorbic  acid c o n t e n t  of the  p l a s m a  and  the  k i d n e y  re- 
m a i n e d  una l t e red ,  whi l s t  t he  l iver  t o t a l  ascorbic  acid 
level  was  m a r k e d l y  reduced  fol lowing lysine t r e a t m e n t .  
The  in v i t ro  b iosyn thes i s  of L-ascorb ic  acid f rom D-glu-  
cu rono lac tone  as well as f rom L-gulonolac tone ,  as de- 
m o n s t r a t e d  in t ab l e  2, was  found  to  be  s ign i f ican t ly  re- 
duced  a f t e r  lysine adm i n i s t r a t i on .  This  suggests  t h a t  t he  
fall  in  l iver  t o t a l  ascorbic  acid level a f te r  L- lysine ad-  
m i n i s t r a t i o n  m i g h t  arise f rom t h e  d imin i shed  syn thes i s  of 
L-ascorb ic  acid. L- ty ros ine  a t  5~o level  in t he  d ie t  has  
also b e e n  found  to depress  t he  syn thes i s  of L-ascorb ic  
acid f rom D-g lucu rono lac tone  11. A d m i n i s t r a t i o n  of phe-  
n y l a l a n i n e  was r epo r t ed  to r e su l t  in  an  i nh ib i t i on  of pro-  
t e i n  syn thes i s  lK The  d i m i n u t i o n  in t h e  ac t iv i t i es  of 
D-g lucu rono reduc t a se  and  L-gu lonooxidase  a f te r  L- lysine 
a d m i n i s t r a t i o n  m a y  likewise be  a t t r i b u t e d  to the  reduced  
syn thes i s  of t he  e n z y m e  p ro t e in  resu l t ing  f rom a depres-  
sion of syn thes i s  of p ro t e in  as a whole.  
A d m i n i s t r a t i o n  of L-lysiue also p roduced  a m a r k e d  de-  
press ion  in t h e  l iver  d e h y d r o a s c o r b a t a s e  a c t i v i t y  ( tab le  2). 
Th i s  suggests  t h a t  t he  a n i m a l  t r ies  to  c o m p e n s a t e  t he  loss 
in  t i ssue  ascorbic  acid p roduced  b y  t he  r e d u c t i o n  in  t he  
r a t e  of i t s  b iosynthes i s .  B u t  t he  fac t  t h a t  the  l iver  t o t a l  
ascorbic  acid level  sti l l  r e m a i n e d  d imin i shed  signifies t h a t  

t he  m a g n i t u d e  of r educ t ion  in t he  r a t e  of ascorbic  acid 
b iosyn thes i s  was more  t h a n  t h a t  of t he  reduced  r a t e  of i ts  
deg rada t ion .  
The  absence  of a l t e r a t i o n  in the  k i d n e y  t o t a l  ascorbic  acid 
level a f t e r  L- lysine a d m i n i s t r a t i o n  m a y  be  ascr ibed  to  the  
u n c h a n g e d  p l a s m a  t o t a l  ascorbic  acid level  u n d e r  t he  
same condi t ion .  In sp i t e  of d imin i shed  syn thes i s  of L- 
ascorbic  acid b y  t he  liver,  t he  p l a s m a  t o t a l  ascorbic  acid 
l e v e l  r e m a i n e d  u n a l t e r e d  a f te r  L- lysine a d m i n i s t r a t i o n .  
Th i s  absence  of a l t e r a t i o n  in t he  p l a s m a  t o t a l  ascorbic  
acid level  m i g h t  be  due to supposed ly  d imin i shed  excre-  
t i on  of ascorbic  acid in t he  urine.  The  poss ib i l i ty  t h a t  t he  
changes  in ascorbic  acid m e t a b o l i s m  fol lowing r epea t ed  
in jec t ions  of L- lys ine  m i g h t  be an  a r t e f ac t  m a y  be  ruled 
ou t  b y  t he  fac t  t h a t  the  pa i r - fed  con t ro l  r a t s  also received 
r epea t ed  in jec t ions  of t he  m e d i u m  used to dissolve the  
amino  acid. 
I n  t he  course of th i s  inves t iga t ion ,  i t  was  also n o t e d  t h a t  
food i n t a k e  b y  t h e  t r e a t e d  an ima l s  did  n o t  differ  signifi- 
c a n t l y  f rom those  of t he  con t ro l  groups ,  a n d  t h e i r  b o d y  
we igh t  too  r e m a i n e d  u n c h a n g e d .  I t  the re fore  suggests  
t h a t  L- lys ine  a d m i n i s t r a t i o n  a t  t he  p r e sen t  dose appea r s  
to  h a v e  no  effect  on  t he  genera l  g r o w t h  p a t t e r n  or on  t he  
g r o w t h  of d i f fe ren t  o rgans  of t he  animal .  
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Summary. Horse  u r i n a r y  ka l l ikre in  was shown  to hydro iyze  h i s tones  f rom calf t h y m u s  a n d  ch icken  nucle i  e ry th rocy te s .  
The  hydro lys i s  is i n h i b i t e d  b y  b e n z a m i d i n e  and  hyposu l f i t e  b u t  n o t  b y  soy-bean  t r y p s i n  i nh ib i t o r ;  horse  p l a s m a  
ka l l ikre in  also p roduces  th i s  hydrolys is .  

Ka l l ik re in  (EC 3.4. 21.8) is t he  genera l  de s igna t ion  for 
ser ine p ro teases  wh ich  l ibe ra te  h y p o t e n s i v e  pep t ides  
(kinins) f rom a p l a s m a  pro te in ,  k in inogen.  These  enzymes  
h a v e  been  found  in severa l  t i ssues  and  biological  f luids 
such  as p lasma,  g l a n d u l a r  secre t ions  a n d  ur ine.  A l t h o u g h  
t h e y  h a v e  some p roper t i e  s s imi la r  to  those  of t ryps in ,  
m a i n l y  in t he i r  ab i l i ty  t o  hyd ro lyze  N - ~ - s u b s t i t u t e d -  
a rg in ine  esters,  t h e y  show a m u c h  h igher  p ro teo ly t i c  spe- 
cif ici ty t o w a r d s  i t s  n a t u r a l  subs t r a t e ,  k in inogenK Horse  
u r i n a r y  ka l l ikre in  ( H o U K ) ,  a g l andu la r  ka l l ikre in  wh ich  
l ibera tes  l y s y l - b r a d y k i n i n  f rom horse  k in inogen,  does n o t  
c leave e i t he r  case in  or hemoglob i  n 4, 5 b u  t i t  was r epo r t ed  
to h y d r o l y z e  Salmine 5 a n d  po lya rg in ineK These  f ind ings  
ra i sed  some d o u b t s  w h e t h e r  ka l l ikre ins  or  c o n t a m i n a n t s  
were respons ib le  for  th i s  hydro lys i s  ~, b u t  t h e  resu l t s  on  

specific i nh ib i t i on  are in  f a v o u r  of hydro lys i s  b y  kal l ikre in  
i tself ;  hog  p a n c r e a t i c  ka l l ikre in  was also said to  hyd ro lyze  
sa lmine  s. 
The  s tud ies  r epo r t ed  in th i s  c o m m u n i c a t i o n  were unde r -  
t a k e n  as an  a t t e m p t  to  conf i rm the  o b s e r v a t i o n  of non-  
specific p ro teo lys i s  of sa lmine  and  to e x t e n d  these  s tud ies  
to  t h e  ac t ion  of H o U K  on h is tones ,  p ro te ins  wh ich  h a v e  
also a large basic  amino  acid con ten t .  
Material and methods. Horse  u r i n a r y  ka l l ikre in  (HoUK)  
was PrePared  b y  p rocedures  a l r eady  described*,  ~. The  
e n z y m e  a c t i v i t y  was followed b y  i ts  es terase  a c t i v i t y  on  
N-~ - to sy l -L -a rg in ine -me thy l  es te r  (TAME),  u n d e r  the  
cond i t ions  descr ibed  for h u m a n  p l a s m a  ka l l ikre in  1~ An  
e n z y m e  p r e p a r a t i o n  w i t h  specific a c t i v i t y  10.1 un i t s / r ag  
([zmoles T A M E  h y d r o l y z e d  pe r  min)  was  used t h r o u g h o u t  
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t h e  e x p e r i m e n t s .  T h e  a c t u a l  c o n c e n t r a t i o n  o f  t h e  e n z y m e  
s o l u t i o n  u s e d  w a s  c a l c u l a t e d  to  be  3.0 • 10 -~ M b y  t h e  
t i t r a t i o n  of  i t s  a c t i v e  s i t e  b y  p ' - n i t r o - p h e n y l - p - g u a n i d i n e -  
b e n z o a t e  ( N P G B ) u .  T h i s  p r e p a r a t i o n  h a d  no  d e t e c t a b l e  
a c t i v i t y  o n  ca se in ,  a m i n o a c y l - / 5 - n a p h t h y l a m i d e s  (a ry l -  
a m i d a s e  a c t i v i t y )  a n d  l y s y l - b r a d y k i n i n  ( L B K )  ( a m i n o -  
p e p t i d a s e  a c t i v i t y )  w h i c h  c o u l d  n o t  be  c o n v e r t e d  to  t h e  
m o r e  p o t e n t  p o l y p e p t i d e  b r a d y k i n i n  ( B K )  ~2. 10fold  h i g h e r  
c o n c e n t r a t i o n s  of H o U K  d i d  n o t  i n a c t i v a t e  B K  or  L B K  
u n d e r  c o n d i t i o n s  in  w h i c h  o t h e r  e n z y m e s  e a s i l y  h y d r o l y z e  
b o t h  p e p t i d e s  ~3, s h o w i n g  t h a t  t h e  H o U K  p r e p a r a t i o n  
w a s  f ree  of  k i n i n a s e  a c t i v i t y .  H o r s e  p l a s m a  k a l l i k r e i n  
( H o P K )  (1.3 T A M E  u n i t s / m g )  w a s  p r e p a r e d  b y  a f f i n i t y  
c h r o m a t o g r a p h y  w i t h  s o y - b e a n - t r y p s i n - i n h i b i t o r - s e p h a r -  
ose,  a s  d e s c r i b e d  for  t h e  h u m a n  e n z y m e  1~ H o g  p a n c r e a t i c  
k a l l i k i e i n  ( H P K ) 1 4  (10 T A M E  u n i t s / m l )  w a s  a k i n d  g i f t  
f r o m  B a y e r  AC.  T h e  k i n i n  l i b e r a t i n g  a c t i v i t y  of  H o U K  
w a s  d e t e r m i n e d  b y  t h e  b i o a s s a y  on  t h e  i s o l a t e d  g u i n e a - p i g  
i l e u m  of  L B K  r e l e a s e d  f r o m  h e a t - t r e a t e d  h o r s e  p l a s m a  4. 
C h i c k e n  e r y t h r o c y t e  h i s t o n e s  we re  p r e p a r e d  f r o m  p u r i f i e d  
n u c l e i  ~5 ; t h e  n u c l e o p r o t e i n s  we re  s e p a r a t e d  b y  t h e  m e t h o d  
p r e v i o u s l y  d e s c r i b e d  ~*, a n d  t h e  h i s t o n e s  e x t r a c t e d  w i t h  
0.05 M s u l f u r i c  a c id  a n d  0.05 M s o d i u m  h y p o s u l f i t e .  T h e y  
w e r e  p r e c i p i t a t e d  w i t h  20~ t r i c h l o r o a c e t i c  a c i d  a n d  t h e n  

w i t h  8 5 %  a c e t o n e .  T h e  h i s t o n e s  we re  f ree  f r o m  t h e  
p ro . t eo ly t i c  a c t i v i t i e s  d e s c r i b e d  a b o v e  a n d  n o  i n t r i n s i c  
h y d r o l y s i s  o c c u r r e d  a f t e r  p r o l o n g e d  i n c u b a t i o n s .  
H o r s e  u r i n a r y  a n d  h o g  p a n c r e a t i c  k a l l i k r e i n s  w e r e  s u b -  
j e c t e d  to  e l e c t r o p h o r e s i s  in  1% a g a r o s e  gel  a t  p H  8.6, 
w i t h  0.05 M b a r b i t a l  b u f f e r  1L A f t e r  e l e c t r o p h o r e s i s ,  t h e  ge l  
w a s  o v e r l a i d  b y  a ce l lu lose  a c e t a t e  s t r i p  p r e v i o u s l y  w e t t e d  
w i t h  1 o/0 of  o n e  o f  t h e  f o l l o w i n g  P r o t e i n  s u b s t r a t e s  : c a se in ,  
s a l m i n e ,  ca l f  t h y m u s  a n d  c h i c k e n  e r y t h r o c y t e  h i s t o n e s .  
A f t e r  i n c u b a t i o n ,  t h e  a g a r o s e  gel  w a s  f i x e d  a n d  s t a i n e d  
w i t h  a m i d o b l a c k ;  t h e  e n z y m e  a c t i v i t y  s h o w e d  as  a n e g a -  
t i v e  s p o t  a g a i n s t  a b l u e  b a c k g r o u n d  ts. F o r  t h e  d e t e r m i n a -  
t i o n  of t h e  i n i t i a l  r a t e  of  h i s t o n e  h y d r o l y s i s ,  t h e  h i s t o n e s  
e i t h e r  f r o m  c h i c k e n  e r y t h r o c y t e s  o r  ca l f  t h y m u s  (10 ~g) 
we re  i n c u b a t e d  w i t h  k a l l i k r e i n  (0.1 T A M E / u n i t ) i n  100 txl 
of  0.05 M Tr i s -HC1,  p H  8.0 a t  37~  for  d i f f e r e n t  t i m e  
i n t e r v a l s ,  t h e  r e a c t i o n  w a s  s t o p p e d  b y  0.05 M H~SO~, 
0 .04 M N a H S O  3. T h e  i n c u b a t e s  we re  a p p l i e d  to  a n  a g a r o s e  
ge l  p l a t e  a n d  t h e  e l e c t r o p h o r e s i s  c a r r i e d  o u t  for  1 h in  
0.05 M b a r b i t a l  bu f f e r ,  p H  8.6 ~7, 100 v o l t s .  T h e  f i x e d  a n d  
s t a i n e d  r e m a i n i n g  h i s t o n e s  we re  e s t i m a t e d  b y  d e n s i t o -  
m e t r y ,  a n d  t h e  i n i t i a l  r a t e  c a l c u l a t e d  f r o m  t h e  f i r s t  o r d e r  
h y d r o l y s i s  c u r v e s .  
Results  and discussion. T h e  v i s u a l i z a t i o n  of  p r o t e o l y t i c  
a c t i v i t y  a f t e r  ge l  e l e c t r o p h o r e s i s  of  H o U K  s h o w e d  t h a t  
b o t h  s a l m i n e  ( f igure  1) a n d  h i s t o n e s  a r e  s u b s t r a t e s  for  
ka l l i k r e in ,  w h i l e  n o  p r o t e o l y t i c  a c t i v i t y  c o u l d  be  d e t e c t e d  
w h e n  c a s e i n  o r  a z o c a s e i n  we re  u s e d  as  s u b s t r a t e s .  T h e  
e n z y m e  e l u t e d  f r o m  t h e  gel  h a d  b o t h  k i n i n - r e l e a s i n g  a n d  
e s t e r o l y t i c  a c t i v i t i e s ,  i n d i c a t i n g  t h a t  k a l l i k r e i n  is h y d r o -  
l y z i n g  t h e  h i s t o n e s  a n d  s a l m i n e .  I n  o r d e r  to  c o n f i r m  t h e  
a c t i o n  of  k a l l i k r e i n s  u p o n  h i s t o n e s ,  spec i f ic  i n h i b i t o r s  
we re  u s e d  ( f igure  2). S o y - b e a n  t r y p s i n  i n h i b i t o r ,  w h i c h  is 
k n o w n  as  a n  i n h i b i t o r  of  p l a s m a  k a l l i k r e i n  b u t  n o t  of  
g l a n d u l a r  k a l l i k r e i n s ,  h a d  no  ef fec t ,  wh i l e  b e n z a m i d i n e ,  

Fig. 1. Electrophoresis of HoUK (0.01 "FAME units) and H P K  (hog 
pancreatic kallikrein, 0.05 TAME units) on 1% agarose gel (100 volts, 
4~ 0.05 M barbital buffer, pH 8.6). Following electrophoresis, the 
gel was incubated with a cellulose acetate strip saturated with 1% 
salmme, for 15 min, 37 ~ The protein was stained with 0.1% amido 
black (for details see text). 

Fig. 2. Agarose electrophoresis of chicken erythrocytes histones; 
100 tzg of histone incubated with 0.1 TAME units of HoUK, 0.05 M 
Tris-HC1, pH 8.0 30 ~ at different times. The reaction was stopped 
by 0.05 M H~SO 4 0.04 M NaHSO a. The eleetrophoresis of histones 
was earried out at pH 8:6, 0.05 M barbital buffer, 100 volts, 1 h, 
4~ SBTI;  100 [~g/inl final concentration, and 10 2 M benzamidine. 
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Inhibition of kallikrein (HoUK) using histones as substrates 

Incubations Half times of Per cent 
hydrolysis* (min) Inhibition** 

HoUK 80 - 
HoUK SBTI 81 0 
HoUK 0.1 M 
benzamidine 155 48 
HoUK 0.05 M 
NaHSO 3 No hydrolysis 100 

* Hydrolysis of 50% of the histones in the conditions described in the 
text. ** The inhibition was compared by the half times of hydrolysis. 

which is a compet i t ive  inhibi tor  for bo th  enzymes  a, did 
inhibi t  the  h is tones  hydrolys is .  In the  tab le  the  effect ive-  
ness of inhibi t ion of H o U K  hydrolys is  of chicken e ry th ro-  
cy te  h is tones  by  b o t h  inhib i tors  is indicated.  The hydro-  
lysis of h is tones  by t r yps in  was inhibi ted  by b o t h  soy- 
bean- t ryps in - inh ib i to r  (SBTI) and  benzamid ine  as would 
be expected .  The table  shows t h a t  hyposul f i te  is a p o t e n t  
inhib i tor  of kal l ikrein;  this  inhibi t ion is s imilar  to  t h a t  
p r o m o t e d  by  th is  agent  t owards  pro teases  con t ami n a t i n g  
crude p repa ra t ions  of histones19. 

Calf t h y m u s  h is tones  were also c leaved by horse p lasma 
kall ikrein (HoPK) .  I t  is known t h a t  th is  p r epa ra t i on  of 
h i s tone  can be f rac t iona ted ,  a t  least,  into 5 f rac t ions  by  
e lect rophores is  in po lyac ry lamide  gel2~ those  f ract ions  
were  p repa red  and  all of t h e m  were hydro lyzed  b y  H o P K ,  
fo rming  ini t ial ly large f r agmen t s  s ta ined  wi th  amidoblack  
and  finally soluble pep t ide  chains.  
The proteolys is  of p ro te ins  o the r  t h a n  kininogen by  
kal l ikreins is unusual ,  because these  enzymes  have  a ve ry  
s t r i c t  specif ici ty;  arginine-r ich subs t ra tes ,  however,  were 
expec ted  to be c leaved unless the  suscept ible  b o n d s  were 
nor  accessible to t he  protease.  The p r i m a r y  s t ruc tu res  of 
some his tones  are known 21, and  th is  group of pro te ins  
m a y  be used as model  compounds  to s t u d y  the  specif ic i ty  
of kall ikreins in t he  same w a y  as the the  B-chain  of insulin 
is used for several  p ro teo ly t ic  enzymes.  

19 S. Panyim, R. H Jensen and R. Chalkley, Biochim. biophys. 
Acta 160, 252 (1968). 

20 S. Panyim and R. Chalkley, Arehs Biochem. Biophys. 730, 337 
(1969). 

21 Y. Ogawa, G. Quagliarotti, J. Jordan, C. W. Taylor, W. C. 
Starbuck and H. Busch, J. biol. Chem. 244, 4387 (1969). 
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Summary, At  concen t ra t ions  above 10 -5 M myel in  basic p ro te in  (MB1 ~) induced  a smal l  inhib i t ion  of the  up take  of 
H3-5HT and  Ha-NA into ra t  cor tex  slices. Release of 5HT, NA and  Gaba  was  no t  af fec ted  by  10 -5 M MBP.  

The f irs t  indicat ion t h a t  myel in  basic p ro te in  (MBP) 
could have: e lectrophysiological  ac t iv i ty  came f rom 
Jankov ic  e t  a13, who repor ted  t h a t  MBP,  in jec ted  in t ra -  
vent r icu lar ly  in to  the  rabbi t ,  caused major  bioelectr ic and  
behavioura!  changes.  In te r fe rence  of M B P  wi th  the  ac t ion  
of 5 - h y d r o x y t r y p t a m i n e  (5HT) in pa r t i cu la r  has  been 
sugges ted  by  Carnegie3,*;  he  proposed  t h a t  t he  ence- 
phal i togenic  region of M B P  has  a s t ruc ture  s imilar  to  t h a t  
of the  na tu ra l  5HT receptor ,  and  t h a t  in te rac t ion  of M B P  
wi th  5HT could be the  chemical  basis of its e lectro-  
physiological  act ion.  Honegger  et  al. 5 have  p rov ided  
evidence t h a t  M B P  has  an inh ib i to ry  effect  on the  bio- 
electric ac t iv i ty  of mouse  cerebel lum cul tures  and  of ra t  
spinal  cord in situ, bu t  the  b iochemical  correlate  of th is  
e!ectrophysiological  ac t iv i ty  is no t  ye t  known.  Direct  
ac t iva t ion  of L-noradrena l in  (NA), L -dopamine  (DA) or 
~ -aminobu ty ra t e  (Gaba) receptors  does no t  seem to be 
responsible  5. We  have  there fore  inves t iga ted  the  pre-  
synop t i c  mechanisms ,  by  tes t ing  the  act ion of M B P  on the  
up take  and  release of 3 H3-1abelled n e u r o t r a n s m i t t e r s  in 
r a t  cor tex  slices. Some of these  resul ts  have  been publ i shed  
as an abs t r ac t  6. 
Materials and methods. Myelin basic p ro te in  (MBP) was  
prepared:  f rom fresh bov ine  spinal  cord by  a sl ight  rnodifi~ 
cat ion of t he  s t a n d a r d  methods7 ,  s. The solut ions of 
purif ied M B P  were no t  older  t h a n  1]2 h when  uti l ized for 
t he  exper iments .  

T r a n s m i t t e r  up take  and  subcel lular  d i s t r ibu t ion .  Male 
adul t  SIV 50 ra t s  (150-270 g) were used. 100 mg cerebral  
co r t ex  slices were  p re - incuba ted  (5 rain/25 ~ in Krebs-  
Hense le i t  m e d i u m  under  oxycarbon .  H3-1abelled 5HT or 
NA (20 ~1, 10 -5 M) and  20-50 ~1 M B P  solut ion were added  
to  give final  concen t ra t ions  of 10 -7 M for 5HT and  NA, 
and 10 -4 to  10 -7 M for MBP,  in 2 ml  incuba t ion  volume.  
Af te r  10 min incuba t ion  a t  25 ~ the  reac t ion  was  s top-  
ped  by  chilling, and  the  slices rap id ly  washed  wi th  cold 
med ium.  0.9 ml  0.32 M sucrose was added  to 100 mg 
slices for homogeniza t ion .  The cell nuclei  were r emo v ed  by  
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