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Synthetic histidine~-angiotensin II analogues add related intermediate peptide fragments 

EXPERIENTIA 31/11 

Compound Yield (%) Mp. (~ Is] ~ values 

I b 83 245-247 
II ~ 55 213-214 
III ~ 91 208 210 
IV* 65 168-170 
V ~ 85 150 151 
VI 90 151-154 
VII 85 140-145 
VIII 86 135-140 
IX 90 156-160 
X 97 152-157 
XI 87 157-159 
XII 95 159-162 

--14.1 ~ (c 2.0, DMF) 
--67.5 ~ (c 1.0, MeOH) 
--51.0 ~ (c 1.0, MeOH) 
--29.4 ~ (e 1.0, AeOH) 
--48.5 ~ (c 1.0, MeOH) 
--44.1 ~ (c 1.0, MeOH) 
--31.7 ~ (e 0.5, MeOH) 

--48.3 ~ (c 0.5, MeOH) ; --29.7 ~ (c 0.25, DMF) 
--47.1 ~ (e 0.5, MeOH); --31.1 ~ (c 0.25, DMF) 
--49.1 ~ (e 0.5, MeOH) ; --33.2 ~ (e 0.25, DMF) 
--42.3 ~ (e 0.5, lV[eOH) ; --28.8 ~ (e 0.25, DMF) 

�9 Unless otherwise stated; b[~ ] ~ ;  ~ia] ~ ;  arepo rted7 mp 192-194; [a] ~ --66.0 ~ (c 1.0, MeOH); ~[a] ~ ;  f[a] ~)0. 

ified w i t h  benzy l  alcohol/p-toluenesulfonate/benzene to  
give H( im-Bz l )Hi s -Va l -Tyr - I l e - ( im-Bz l )Hi s -P ro -Phe -OBz l  
as t h e  t r i -p - to luenesu l fona te  (VII) .  The  p r o d u c t  V I I  was  
desa l ted  on a D O W E X  2-X8 c o l u m n  and  t h e  resu l t ing  
h e p t a p e p t i d e  ester,  H- ( im-Bzl )His -Val -Tyr - I l e - ( im-Bzl )  
His -Pro-Phe-Ol3z l  (VIII )  was coupled  w i th  Z-(fl- 
benzy l ) -L-aspa r t a t e  9 via  t he  ca rbod i imide  m e t h o d  in 
D M F  solut ion.  The  ob t a ined  oc t apep t ide  der iva t ive ,  
Z- (fl-OBzl) -Asp- (im-Bzl) His -Val -Tyr - I  le- (im-Bzl) His -Pro-  
Phe -OBz l  ( IX) afforded,  b y  select ive ca t a ly t i c  hydro -  
gena t ion ,  the  desired produc t ,  H-Asp-e - ( im-Bzl )His -Va l -  
T y r - I l e - ( i m - B z l ) H i s - P r o - P h e - O H  (X), wh ich  was isola ted 
in pure  fo rm b y  gel f i l t r a t i o n  on  S e p h a d e x  LH-20,  us ing  
MeOH as t he  e luent .  

Final ly ,  t he  s u b s t i t u t e d  Aspl-f l-His2-IleS-angiotensin I I  
ana logue  was syn thes ized  b y  c o n d e n s a t i o n  of t he  h e p t a -  
pep t ide  benzy l  es ter  V I I I  w i t h  Z- (a -benzy l ) -L-aspar ta te  
v ia  t he  ca rbod i imide  me thod .  The  resu l t ing  oc t apep t ide  
der iva t ive ,  Z- (e-OBzl)-Asp-( im-Bzl)  His -Val -Tyr - I le -  (im- 
Bz l )H i s -P ro -Phe -OBz l  (XI),  a f te r  r em ova l  of t he  N- 
car  b o b e n z o x y  a n d  O-benzyl  groups  b y  select ive ca ta ly t i c  
hyd rogena t i on ,  gave  t he  ana logue  H-Asp-f l - ( im-Bzl)His-  
Val -Tyr - I le -  (im-Bzl) H i s - P r o - P h e - O H  (XII ) .  

9 p. H. BRYANT, R. H. MOORE, P. J. PIMLOTT and G. T. YOUNG, J. 
chem, Soe. 7959, 3868. 

10 g .  ZERVAS a n d  D. THEODOROPOULOS, J .  AID. chem.  Soe. 78, 1359 
(1956). 

I n  t he  course of th i s  work,  e -benzy l -L-aspa r t a t e  was  
syn thes ized  b y  a new route ,  us ing  N- t r i t y l -L -a spa r t a t e  
d i -benzy l  es te r  (XI I I ) ,  Imp 103--104~ [~]~5 + 12.8 ~ 
(c 2,0, CH2C12) ] as t he  s t a r t i n g  mate r ia l .  Due to  t he  s ter ic  
h i n d r a n c e  of t he  t r i t y l  g roup  lo, t he  a lka l ine  hydro lys i s  of 
t he  es ter  X I I I  proceeds  w i t h  r e m o v a l  of t h e  f l -benzyl  
g roup  select ively.  Thus ,  t h e  o b t a i n e d  c rude  p r o d u c t  of 
N- t r i t y l - e -benzy l -L -a spa r t a t e  (86% yield) was  f u r t h e r  
d e t r i t y l a t e d  w i t h  acet ic  acid 1~ to give e-benzyl-L- 
a s p a r t a t e  9 in 85% yield. Imp 173-174~ [~]~ --15.7 ~ (c 
5.0, HC1)]. The  l a t t e r  upon  c a r b o b e n z o x y l a t i o n  gave  Z-a- 
benzy l -L -a spa r t a t e  9 Imp 84-85~ [~]~ --15.1 ~ (c 5.0, 
acetone)]  in 72% yield.  

The  biological  ac t iv i t i es  of the  new s y n t h e t i c  ana logues  
X and  X I I  will be  r epo r t ed  in a f o r t h - coming  c o m m u n i c a -  
t ion.  All new compounds ,  r epo r t ed  here,  gave  s a t i s f ac to ry  
e l e m e n t a l  analysis .  

Summary. The  syn thes i s  of h i s t id ine~-angio tens in  I I  
analogues ,  n a m e l y  H-Asp-e - ( im-Bz l )His -Va l -Tyr - I l e - ( im-  
B z l ) H i s - P r o - P h e - O H  a n d  H-Asp-f i - ( im-Bzl )His -Val -Tyr-  
I l e - ( im-Bz l )Hi s -P ro -Phe -OH,  are described.  Also a new 
rou te  lead ing  to t he  syn thes i s  of e -benzy l -L-aspar ta te ,  
us ing  N- t r i t y l -L -a spa r t a t e  d i -benzyl  es ter  as t h e  s t a r t i n g  
mater ia l ,  is repor ted .  

P.  CORDOPATIS and  D. THEODOROPOULOS 

Laboratory o/ Organic Chemistry, 
University o/Patras (Greece), 23 June 7975. 

D i s t r i b u t i o n  of G l y c e r o p h o s p h o r y l c h o l i n e  D i e s t e r a s e  in Rat  Bra in  

The  e n z y m e  g lyce rophosphory lcho l ine  d ies terase  (L-3- 
g lyce ry lphosphory lcho l ine  g lyce rophosphohydro l a se  EC 
3.1.4.2., GPC diesterase)  has  been  shown to  occur  in 
l iver  1, k i d n e y  2 a n d  b ra in  3 of m a m m a l s .  I t s  ac t ion  releases 
chol ine f rom g lycerophosphory lchol ine ,  wh ich  in t u r n  is 
re leased b y  t he  b r e a k d o w n  of phospha t idy lcho l ine .  I t s  
ac t ion  in t he  b r a i n  could m a k e  a s u b s t a n t i a l  c o n t r i b u t i o n  
to  t he  pool  of free chol ine  which  ha s  been  t h o u g h t  to  be 
the  m a j o r  source of choline for ACh synthes is .  Po ten t i a l ly ,  
therefore ,  GPC dies terase  could inf luence  t he  syn thes i s  of 

�9 ACh, b u t  if t h a t  were the  case i t  would  be  expec ted  t h a t  
i ts  reg ional  d i s t r i b u t i o n  in t he  b r a i n  would be closely 
associa ted  w i t h  t h a t  of ACh and  chol ine ace ty l t r ans fe rase  

(EC 2.3.1.6). B o t h  regional  a n d  subce l lu la r  d i s t r i bu t ions  o f  
the  e n z y m e  and  t h e i r  r e l a t ion  to  chol ine ace ty l t r ans fe rase  
are e x a m i n e d  in t h e  p r e sen t  paper .  

Materials and methods. L-3-g lycerophosphory lchol ine  
(1-214C-choline, GPC),  as t h e  c a d m i u m  chlor ide  complex  
was o b t a i n e d  f rom ICN rad iochemiea l s  and  was d i lu ted  
to a su i t ab le  specific a c t i v i t y  (approx.  400 d p m / n m o l )  

1 R. M. C. DAWSON, Biochem, J. 62, 689 (1956). 
2 j .  j .  BALDWIN and W. E. CORNATZRR, Biochim. biophys. Acta 

164, 195 (1962). 
3 G. R. WEBSTER, E. A. MARPLES and R. H. S. THOMPSON, Biochem. 

J. 65, 374 (1957). 
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Table I. Distribution of GPC diesterase in regions of the brain 

bzmols/gjh SD (n) 

Spinal cord 24.3 2.5 
Spinal cord ether treated 31.8 0.43 

Cerebellum 28.6 7.7 
Cerebellum ether treated 25.6 2.0 

Cerebrum 29.9 2.1 
Cerebrum ether treated 35.3 5.8 

Caudate 22.9 5.1 
Caudate ether treated 27.7 7.5 

Cerebral cortex 22.6 7.6 
Human plaeenta 55.9 24 
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(4) 
(3) 
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I 

Schematic diagram of the subcellular fractionation of sucrose 
homogenates. The sizes of fractions A to l are to scale!. 
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w i t h  u n l a b e l l e d  GPC.  T h e  c a d m i u m  w a s  r e m o v e d  b y  
p a s s i n g  t h e  G P C  t h r o u g h  a c o l u m n  of  Ze ro l i t  225 r e s i n  
w h i c h  r e t a i n e d  t h e  c a d m i u m  wh i l e  p e r m i t t i n g  al l  t h e  
G P C  t o  p a s s  t h r o u g h .  T h e  spec i f i c  a c t i v i t y  of  t h i s  s n b -  
s t r a t e  w a s  f o u n d  b y  h y d r o l y z i n g  i t  a n d  t h e n  b i o a s s a y i n g  
t h e  c h o l i n e  r e l e a sed ,  u s i n g  a m e t h o d  m o d i f i e d  f r o m  
BLIGH 4. S u c r o s e  h o m o g e n a t e s  (100 m g / m l  in  0 .32 M 
suc rose )  of  r a t  b r a i n  we re  i n c u b a t e d  in  t h e  p r e s e n c e  of  
1.0 m M  MgCle, 30 m M  a m i n o m e t h y l p r o p a n d i o l  b u f f e r  
p H  8.0, a n d  2.5 m M  G P C  a t  39~  for  10 o r  15 m i n .  T h e  
r e a c t i o n  w a s  s t o p p e d  b y  a d d i n g  a n  e q u a l  v o l u m e  of  50 m M  
E D T A .  T h e  r e l e a s e d  c h o l i n e  w a s  t h e n  s e p a r a t e d  f r o m  t h e  
r e m a i n i n g  G P C  b y  p a s s i n g  t h e  i n c u b a t e  (0.1 m l  + 0.1 m l  
E D T A )  t h r o u g h  a 5 X 0.63 c m  c o l u m n  of Zero l i t  225 r e s i n  
in  t h e  s o d i u m  f o r m .  T h e  c h o l i n e  w h i c h  w a s  b o u n d  to  t h e  
c o l u m n  w a s  e l u t e d  w i t h  M KC1 a n d  c o u n t e d  in  t h e  
p r e m i x e d  s c i n t i l l a t o r ,  U n i s o l v e ,  in  a P a c k a r d  l i q u i d  
s c i n t i l l a t i o n  s p e c t r o m e t e r  ( m o d e l  No.  3320). 

Results. I t  w a s  f o u n d  t h a t  Mg++ ions  a c t i v a t e d  t h e  
e n z y m e  b u t  E D T A  a d d e d  d i r e c t l y  to  t h e  e n z y m e  in a 
f i n a l  c o n c e n t r a t i o n  of  1 m M  c a u s e d  a n  a l m o s t  c o m p l e t e  
i n h i b i t i o n .  T h e  M i c h a e l i s  c o n s t a n t  (I(m) a n d  o p t i m u m  
p H  of  t h i s  e n z y m e  h a v e  b e e n  v a r i o u s l y  r e p o r t e d .  P r e l i m i -  
n a r y  e x p e r i m e n t s  s h o w e d  t h a t  u n d e r  t h e  c o n d i t i o n s  u s e d  
h e r e  t h e  o p t i m u m  p H  w a s  8.0. A s u b s t r a t e  c o n c e n t r a t i o n  
of  2.5 m M  a p p e a r e d  t o  be  s a t u r a t i n g .  

T h e  r a t e s  of  r e l e a se  of  c h o l i n e  b y  h o m o g e n a t e s  o f  r a t  
c e r e b r u m ,  c e r e b e l l u m ,  c a u d a t e  n u c l e u s ,  c e r e b r a l  c o r t e x  
a n d  s p i n a l  c o r d  w e r e  m e a s u r e d .  I n  a d d i t i o n  t h e  s a m p l e s  
we re  i n c u b a t e d  a f t e r  t r e a t m e n t  w i t h  e t h e r  s w h i c h  in  
m o s t  c a s e s  g a v e  a s m a l l  b u t  s i g n i f i c a n t  i n c r e a s e  in  G P C  
d i e s t e r a s e  a c t i v i t y .  T h e  v a l u e s  o b t a i n e d  f r o m  t h e  d i f f e r e n t  
r e g i o n s  r a n g e d  w i t h  f a i r l y  n a r r o w  l i m i t s  f r o m  22 to  35 
Fmoles/g/h, as  s h o w n  in  T a b l e  I. 

F o r  c o m p a r i s o n ,  G P C  d i e s t e r a s e  in  h o m o g e n a t e s  of  
fu l l  t e r m  h u m a n  p l a c e n t a e  w a s  also m e a s u r e d .  T h e  v a l u e  
o b t a i n e d  (55.9 b~mol/g/h) is t h e  h i g h e s t  y e t  r e p o r t e d  for  
t h i s  e n z y m e ,  a n d  cou ld  a c c o u n t  for  d i f f i cu l t i e s  e n c o u n t e r e d  
b y  s o m e  a u t h o r s  w h o  h a v e  u s e d  p l a c e n t a e  as  a s o u r c e  of 
c h o l i n e  a c e t y l t r a n s f e r a s e  for  a s s a y i n g  c h o l i n e  in  t i s s u e  
e x t r a c t s %  

4 j .  BLIGIt, J. Physiol., Lond. 117, 234 (1952). 
'~ C. O. HElm and B. N. SMM.LMAN, J. Physiol., lxmd. 13,1, 385 

(1956). 
~ I. V. l~;~n~, C. H~,:lr and S. P. M ~ N ,  J. Neuroehem. 20, 1499 

(1970). 

Table II. Distribution of GPC diesterase in subceliular fractions of the brain 

Fraction GPC diesterase (nmol]g/h) Recovery (%) Choline acetyltransferase (nmol/g/h) Recovery (%) 

Pt 8733 28 81.1 1.4 
P~ 12364 38.2 2300 40 
Pa 5676 16.7 684 12 
S 3 5522 16.4 1932 33.9 

A 570 11 375 29.9 
B 2431 62.75 550 43.8 
C 955 26.65 330 26.3 

O 908 25.1 275 19 
D 202 5.5 122 8.5 
E 291 7.65 196 13.6 
F 569 1.5.9 ] 231 16 
G 702 19.45 I 55.7 227 15.8 
H 707 20.35 158 11 
I 222 5.65 225 16.0 

42.8 

Percentage recoveries for each fraction are expressed as a percentage of the amount  recovered. Total recoveries were: Pt-Sa, 92.5% for 
GPC diesterase and 100 for choline acetyltransferase; O-I,  58% for GPC diesterase and 53% for choline acetyltransferase. 
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Subee l lu la r  f rac t ions  were p r epa red  f rom sucrose 
h o m o g e n a t e s  of r a t  ce rebrum,  accord ing  t o t h e  p rocedure  
s u m m a r i z e d  in t he  Figure.  P2, t he  c rude  m i t o c h o n d r i a l  
and  s y n a p t o s o m e  (pinched-off  nerVe ending)  pellet ,  was  
r e suspended  in e i the r  0.32 M sucrose or H 2 0 ;  in t he  l a t t e r  
case i t  was des igna ted  P2W. The  f rac t ions  ob t a ined  b y  
th i s  p rocedure  h a v e  been  cha rac t e r i zed  b y  TU~EK 7. 
Sub t r ac t i on  B (ob ta ined  f rom P~) con ta ins  synap tosomes ,  
whi le  O (ob ta ined  f rom P~W) is soluble  m a t e r i a l ;  D 
con ta ins  synap t i c  vesicles whi le  F, G a n d  H are ne rve  
end ing  m e m b r a n e s  and  I, m i tochondr i a .  

E a c h  f rac t ion  a n d  s u b t r a c t i o n  was e x a m i n e d  for GPC 
dies terase  and  chol ine  ace ty l t r ans fe ra se  ac t iv i ty .  The  
chol ine ace ty l t r ans fe ra se  was assayed  us ing  t he  m e t h o d  
descr ibed b y  HEBB et  al. 8. T he  resul t s  o b t a i n e d  were 
expressed as n m o l s / g / h  a n d  are g iven  in Tab le  I I .  a 
cons iderab le  p r o p o r t i o n  of G PC dies te rase  a c t i v i t y  was 
b o u n d  to  m e m b r a n e s  and  in pa r t i cu l a r  to  ne r ve - end ing  
m e m b r a n e s ;  38% of t he  t o t a l  was p r e s en t  in t he  P2 
f ract ion.  S u b f r a c t i o n a t i o n  of th i s  showed  t h a t  24% (i.e. 
63% of Pc) was  in t he  synap tosomes .  F r a c t i o n a t i o n  of 
P2 w showed t h a t  m u c h  of t he  a c t i v i t y  in t he  s y n a p t o s o m e  
was in, or associa ted  wi th ,  t he  ne r ve - end i ng  m e m b r a n e .  
I t  h a s  a l r eady  been  s h o w n  t h a t  GPC dies te rase  in the  
l iver  is a s s o c i a t e d w i t h  p l a s m a  m e m b r a n e s  9. 

GPC dies terase  was also i n c u b a t e d  in t he  presence of 
10 m M  hemicho l in ium-3 ,  a n  i nh ib i t o r  of ACh syn thes i s  
in  vivo,  b u t  no i nh ib i t i on  of GPC dies terase  was obse rved  
even  w h e n  the  s u b s t r a t e  c o n c e n t r a t i o n  was lowered. 

Discussion. The  assay  of GPC dies terase  descr ibed here  
is s imple  and  re l iable  a n d  gives values  for  b r a in  close to 
those  p rev ious ly  repor ted .  The re  is, however ,  a s igni f icant  
difference be twee n  t h e  o p t i m u m  p H  a n d  s u b s t r a t e  
c o n c e n t r a t i o n  used here  a n d  those  r epo r t ed  b y  o the r  
au tho r s  1-3. I t  h a s  no t  been  possible to  e s t ab l i sh  t he  
reason  for th i s  b u t  i t  m a y  be associa ted  w i t h  the  Mg++ 
c o n c e n t r a t i o n  of t he  or ig inal  t issue, a ques t ion  t h a t  can  
on ly  be resolved b y  us ing  pur i f ied  e n z y m e  p r e p a r a t i o n s  
in  place of t he  c rude  h o m o g e n a t e s  used in the  p re sen t  
work.  

The  d i s t r i bu t i on  of GPC dies terase  in  t he  r a t  b r a i n  is 
ve ry  un i fo rm a n d  is no t  specif ical ly local ized in a n y  area,  
t h u s  di f fer ing f rom m a n y  of t he  enzymes  wh ich  are 
associa ted w i t h  n e u r o t r a n s m i t t e r  synthes is .  I t  is, t he re -  

fore, s o m e w h a t  su rpr iz ing  to  f ind  t h a t  i ts  subce l lu la r  
d i s t r i b u t i o n  is assoc ia ted  w i t h  n e r v e - e n d i n g  part ic les ,  a n d  
in th i s  respec t  i t s  d i s t r i b u t i o n  closely resembles  t h a t  of 
chol ine  ace ty l t rans fe rase .  This  would  t end  to  sugges t  t h a t  
the  e n z y m e  is associa ted  w i t h  the  t r a n s m i t t e r  func t ion  of 
t he  ne rve  end ing  a n d  poss ib ly  t he  n e r v e - e n d i n g  m e m b r a n e .  
The  a m o u n t  of t he  e n z y m e  in t he  b r a i n  leaves  no d o u b t  
t h a t  i t  could  be a m a j o r  c o n t r i b u t o r  to  t he  pool  of free 
chol ine in t he  bra in .  B u t  i t  could be a rgued  t h a t  th i s  pool  
would t h e n  be  even ly  d i s t r i b u t e d  t h r o u g h  t h e  b ra in  l ike 
t he  GPC diesterase.  W h e r e  th i s  e n z y m e  occurs  in  chol in-  
ergic neu rons  t he  chol ine  re leased could well  be  ut i l ized 
for t he  syn thes i s  of ACh, a l t h o u g h  some, a t  least,  is 
l ikely to  be  used to fo rm chol ine  p h o s p h a t e  10, wh ich  is a 
p recursor  of phospha t idy lcho l ine .  The  un i fo rm  d i s t r ibu -  
t ion  in t he  b r a i n  would  t e n d  to  ind ica te  t h a t  i t  is p r e sen t  
in m o s t  if n o t  all  ne rve  endings.  In  add i t i on  to re leas ing  
chol ine  th i s  e n z y m e  also releases ene rgy  in t he  form of 
g lycero l -3-phospha te ,  and  t h i s  could be  of i m p o r t a n c e  in  
m e m b r a n e  func t ion .  The  work  r epo r t ed  here  does n o t  
ind ica te  wh ich  of these  possibi l i t ies  is t he  m o s t  l ikely a n d  
i t  m a y  be  t h a t  t he  release of chol ine  and  a source of 
energy  h a v e  a n  equal  i m p o r t a n c e  in t he  t r a n s m i t t e r  
function, of t he  n e r v e  ending.  

Summary. The  d i s t r i b u t i o n  of g lyce ry lphosphory l -  
chol ine  d ies te rase  in  the  r a t  b r a i n  has  been  examined .  T h e  
e n z y m e  was e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t he  b r a i n  b u t  
was  localized in t he  s y n a p t o s o m e  (nerve ending)  f r ac t ion  
wh ich  was p r epa red  b y  u l t r acen t r i fuga t ion .  
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Regional Distribution of Lactate Dehydrogenase Isoenzymes in Adult Rat Brain 

The  special  func t ions  of d i f fe rent  b r a i n  pa r t s  m u s t  be 
based  on  specific b iochemica l  differences.  R e c e n t l y  1 we 
were able  to  show t h a t  t h e r e  are s ign i f ican t  regional  
differences in levels of s u b s t r a t e s  and  aden ine  nucleot ides  
in a d u l t  r a t  bra in .  These  differences m a y  be  r e l a t ed  to 
d i f fe ren t  e n z y m a t i c  p a t t e r n s  of the  glycolyt ic  sequence.  
W e  h a v e  now d e t e r m i n e d  t he  a c t i v i t y  of l ac t a t e  dehydro -  
genase  (EC 1.1.1.27; LDH)  and  i ts  i soenzymes  in 
ce rebra l  cortex,  t h a l a m u s ,  cerebel lar  cor tex  and  ports, 
because  t he  t o t a l  ac t iv i ty ,  a n d  especial ly  i soenzymat i c  
p a t t e r n  of th i s  enzyme,  can  give useful  i n fo rma t ion  a b o u t  
m a j o r  p a t h w a y s  of glucose u t i l i za t ion  2-4. 

Experimental. P y r u v a t e - N a ,  ~ - o x o b u t y r a t e  and  N A D H  
were o b t a i n e d  f rom Boehr inge r  M a n n h e i m  G m b H .  
D E A E  Sephadex  A-50 (3.5 mEq/g )  was  pu rchased  f rom 
P h a r m a c i a  (Uppsala ,  Sweden).  

The  inves t iga t ions  were car r ied  ou t  on  a d u l t  ma le  
Louis  rats .  N o n - a n e s t h e t i z e d  an ima l s  were decap i t a t ed ,  
t h e i r  h e a d s  were opened  a n d  t he  b ra ins  removed .  Af te r  

w e i g h i n g ,  t issue samples  were homogen ized  in ice-cold 

h y p o t o n i c  (10 m M )  p o t a s s i u m  p h o s p h a t e  buffer  (pH 
7.0); t he  t i s sue /buf fe r  r a t io  was 1 :50  (w/v). H o m o g e n a t e s  
were cen t r i fuged  a t  25,000 •  a t  0~176 for 1 h. Super-  
n a t a n t  so lu t ions  were d iv ided  in to  2 p a r t s :  one p a r t  was  
used for t he  m e a s u r e m e n t  of t he  t o t a l  and  L D H  1 a c t i v i t y  
and  the  o the r  p a r t  (0.5 ml) was mixed  w i t h  1 ml  D E A E  
S e p h a d e x  A-50 (20 m g / m l  p h o s p h a t e  buffer ,  p H  6.0) 5 a n d  
al lowed to s t a n d  for  10 m i n ;  res in  was r e m o v e d  b y  centr i f -  
uga t i on  (4,000 •  10 rain).  D E A E  S e p h a d e x  adsorbs  
anodic  L D H  isoenzymes  4,5 i.e. L D H ,  a n d  L D H  2. 
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