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to t he  s t ab i l i z ing  in f luence  of k e t o s u b s t r a t e s ,  t h e  amino-  
s u b s t r a t e s  seem to  exe r t  a n  oppos i t e  effect.  T h e  increase  
in t e m p e r a t u r e  of a t r a n s a m i n a s e  so lu t ion  c o n t a i n i n g  
a m i n o s u b s t r a t e s  causes  a d d i t i o n a l  a u g m e n t a t i o n  in t he  
a b s o r p t i o n  m a x i m u m  a t  .333 n m  on  t h e  s p e c t r u m  of t h e  
enzyme.  I n  th i s  r e spec t  e l e v a t i o n  of t e m p e r a t u r e  ha s  t h e  
s ame  effec t  as  a n  a d d i t i o n a l  a m o u n t  of a m i n o s u b s t r a t e  
(Table).  Th i s  inc rease  in  a b s o r p t i o n  a t  333 m n  u p o n  hea-  
r ing  m a y  exp l a in  t he  i n s t a b i l i t y  a n d  i n a c t i v a t i o n  of t r a n s -  
aminase  w h e n  t r e a t e d  w i t h  a m i n o s u b s t r a t e s  d u r i n g  t h e  
h e a t i n g  s t ep  in t h e  process  of e n z y m e  pu r i f i c a t i on  x. 

Some  genera l  conc lus ions  can  be  d r a w n  f rom these  ob-  
se rva t ions .  T r a n s a m i n a s e ,  w h e n  s to red  a t  low t e m p e r a -  
t u r e s  a r o u n d  or  be low zero, acqu i res  a c o n f o r m a t i o n  
s imi la r  to  t h e  one  t h e  e n z y m e  t a k e s  in  t h e  p re sence  of 
ke to subs t r a t e s .  Th i s  c o n f o r m a t i o n  is exp re s sed  on  t h e  
e n z y m e  s p e c t r u m  w i t h  a h i g h  a b s o r p t i o n  on  i t s  m a x i m u m  
in t he  a rea  of 430 nm,  I n  b o t h  cases t h e  t r a n s a m i n a s e  is 
s t ab le  a n d  p r o t e c t e d  f rom i n a c t i v a t i o n .  I n  con t r a s t ,  h i g h  
t e m p e r a t u r e s  or  t h e  p resence  of a m i n o s u b s t r a t e s  i n d u c e  
a c o n f o r m a t i o n  of t h e  t r a n s a m i n a s e  molecule  w h i c h  is ex- 
pressed  b y  a n  increase  in  t h e  a b s o r p t i o n  a t  340 n m  (Table)  

A t  th i s  c o n f i g u r a t i o n  t h e  t r a n s a m i n a s e  is u n s t a b l e  a n d  
r a p i d l y  i n a c t i v a t e d .  

I f  t h e  desc r ibed  spec t r a l  b e h a v i o u r  of t r a n s a m i n a s e  is 
va l id  for  o t h e r  v i t a m i n  B e enzymes ,  t h e n  one  m i g h t  pre-  
d ic t  t h e i r  s t a b i l i t y  t o w a r d s  t e m p e r a t u r e  a n d  p ropose  
o p t i m a l  c o n d i t i o n s  to  p r o t e c t  t h e m  f rom i n a c t i v a t i o n  e. 

Z u s a m m e n / a s s u n g ,  E i n  Z u s a m m e n h a n g  zwischen  op t i -  
s c h e n  E i g e n s c h a f t e n  u n d  S t a b i l i t g t  de r  T r a n s a m i n a s e n  
wi rd  nachgewiesen .  T e m p e r a t u r a b h / i n g i g k e i t  u n d  A r t  de r  
P a r t n e r v e r b i n d u n g  i m  E n z y m s u b s t r a t - K o m p l e x  (Amino-  
ode r  c¢-Ketoverb indung)  e inerse i t s  u n d  K o n f o r m a t i o n  
a n d e r s e i t s  s ind  ana log ,  
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Malate  D e h y d r o g e n a s e  I s o e n z y m e s  in the  P a n -  
crea t i c  I s l e t s  o f  O b e s e - H y p e r g l y c e m i c  Mice  

I t  h a s  b e e n  s h o w n  for  a n u m b e r  of species t h a t  t h e  
p a n c r e a t i c  is lets  a re  c h a r a c t e r i z e d  b y  a cons ide rab l e  
m a l a t e  d e h y d r o g e n a s e  (MDH)  a c t i v i t y  1,z. I t  h a s  also 
r ecen t ly  been  d e m o n s t r a t e d  t h a t  t h e  M D H  in m a n y  cells 
c an  b e  seg rega ted  i n t o  d i f f e ren t  m o l e c u l a r  forms,  w h i c h  
h a v e  t e n t a t i v e l y  b e e n  ass igned  d i f f e ren t  phys io log ica l  
roles. KApLANS sugges ted  t h a t  a so luble  M D H  in  t h e  
c y t o p l a s m  ca ta lyses  t h e  f o r m a t i o n  of ma la t e ,  w h i c h  a f t e r  
t he  e n t r a n c e  i n to  t he  m i t o c h o n d r i a  is ox id ized  b y  a mi to -  
chondr i a l  M D H .  The  o x a l o a c e t a t e  p r o d u c e d  m a y  t h e n  be  
released in to  t he  cy top l a sm,  t h u s  e n a b l i n g  t he  cycle to  be  
repea ted .  T h e  poss ib i l i ty  of us ing  disc e lec t rophores i s  4,~ 
on p o l y a c r y l a m i d e  gels for t he  s e p a r a t i o n  of e n z y m e s  f rom 
the  smal l  a m o u n t  of t i ssue  r e p r e s e n t e d  b y  t h e  p a n c r e a t i c  
islets of m a m m a l s  6 was t a k e n  a d v a n t a g e  of in  t he  p r e s e n t  
a t t e m p t  a t  a f u r t h e r  c h a r a c t e r i z a t i o n  of t h e  M D H  in 
m a m m a l i a n  B-cells  w i t h  r e spec t  to  mo lecu l a r  he t e ro -  
genei ty .  

Mater ia l  and  methods. A d u l t  A m e r i c a n  obese -hype r -  
glycemic mice  7 of b o t h  sexes were  used.  F r e s h  p a n c r e a t i c  
islets were i so la ted  f rom t he  s u r r o u n d i n g  exocr ine  pa ren -  
e h y m a  as  desc r ibed  b y  HELLERSTR~MS and  h o m o g e n i z e d  
in a 5 ~  (v/v)  a q u e o u s  so lu t ion  of  T r i t o n - X - 1 0 0  b y  m e a n s  
of a luc i te  mic ro -homogen ize r .  I n  add i t ion ,  h o m o g e n a t e s  
of exocr ine  p a n c r e a s  a n d  l iver  were  s imi l a r ly  p r e p a r e d .  
E lec t rophores i s  was  ca r r i ed  o u t  as  desc r ibed  b y  ORN- 
S~'~IN 4 a n d  DAvis  5 a t  3°C (2.5 m A / ge l ;  r u n n i n g  t i m e  
a b o u t  90 rain) a n d  t h e  gels were  s u b s e q u e n t l y  i n c u b a t e d  
a t  37oc  in  t h e  s u b s t r a t e - r e a g e n t  m e d i u m  g iven  b y  
LAYCOCK e t  at. 9. Af t e r  e x t r a c t i o n  of t h e  e n z y m e  f r o m  t h e  
u n s t a i n e d  cen t r a l  p a r t  of t h e  gel 8 t h e  a c t i v i t y  of t h e  dif-  
f e ren t  i soenzymes  was  f l u o r o p h o t o m e t r i c a l l y  a s s ayed  w i t h  
.°xaloacetate  as s u b s t r a t e  x0. T h e  t o t a l  M D H  a c t i v i t y  was, 
m addi t ion ,  a s sayed  o n  c rude  t i ssue  h o m o g e n a t e s ,  t h e  
Pro te in  c o n c e n t r a t i o n  of wh ich  was d e t e r m i n e d  as de-  
SCribed b y  LOWRY et  al. n 

Results.  T h e  islets  d i sp l ayed  a n  e n z y m e  a c t i v i t y  of a t  
leas t  t h e  s ame  m a g n i t u d e  as t he  exocr ine  p a n c r e a s  (Tab le  

I). I t  a p p e a r s  f rom F igu re  1 t h a t  2 d i s t i nc t  M D H  iso- 
e n z y m e s  could  be s e p a r a t e d  f r o m  t h e  is let  h o m o g e n a t e s ,  
as  well  as  f r o m  t h e  exocr ine  p a r e n c h y m a  a n d  t he  l iver.  I n  
all  t h e  t i ssues  t h e  m o r e  r a p i d l y  m i g r a t i n g  f r a c t i o n  con-  
t a i n e d  t h e  h i g h e s t  a c t i v i t y  t o w a r d s  ma la te ,  as  e s t i m a t e d  
f r o m  t h e  s t a i n i n g  i n t ens i t y .  I n  a n  e x p e r i m e n t ,  i n  w h i c h  
e q u a l  v o l u m e s  of h o m o g e n a t e  of all  t h e  3 t i s sues  were  
m i x e d  p r io r  t o  e lec t rophores is ,  t h e  r u n n i n g  d i s t ances  

Table I. Malate dehydrogenase activity in the endocrine and exocrine 
pancreas and the liver of obese-hyperglycemic mice 

Islets (6) Acinar tissue (6) Liver (5) 

143.4 4- 18.1 116.1 4- 32.1 296.4 4- 37.7 

1.1 mM of oxaloacetate was used as substrate and the figures denote 
moles of NADH 2 oxidized per kg protein and per hour. Mean values 
+ S.E.M. The number of animals studied is given in parentheses. 
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Table II. Running distances in relation to bromphenol blue and relative activity in % for the 2 malate dehydrogenase isoenzymes in the 
endocrine and exocrine pancreas and the liver 

Islets Acinar tissue Liver 

Rf Relative Rf Relative Rf Relative 
activity activity activity 

(7) (6) {7) (6) (9) (7) 

Anodal isoenzyme 0.49 4- 0.02 39.9 4- 4.2 0.49 4- 0.02 51.4 4- 2.7 0.50 4- 0.01 49.2 =]= 2.6 

Cathodal isoenzyme 0.10 ~: 0.02 60.1 q- 4,2 0.09 4- 0.02 48.6 4- 2.7 0.15 4- 0.02 50,8 4- 2.6 

1,I mM of oxaloacetate was used as substrate. Mean values 4- S.E,M. The number of animals studied are given in parentheses. 

were  f o u n d  to  be  a p p a r e n t l y  iden t i ca l  for i soenzymes  of 
d i f f e ren t  ce l lu lar  origins.  These  d i s t ances ,  as ca l cu l a t ed  
in  r e l a t i on  to  t h a t  of b r o m p h e n o t  blue,  a re  g iven  in 
T a b l e  I I .  

I t  was  a sce r t a i ned  t h a t  a l i nea r  r e l a t i o n s h i p  ex i s ted  
b e t w e e n  t h e  a m o u n t  of h o m o g e n a t e  app l i ed  to  t h e  gel 
a n d  t h e  a c t i v i t y  e x t r a c t e d  a f t e r  p r e c e d i n g  s ta in ing .  T h e  
q u a n t i t a t i v e  d i s t r i b u t i o n  of e n z y m e  a c t i v i t y  b e t w e e n  t h e  
d i f f e ren t  mo lecu l a r  fo rms  of M D H  in  t h e  islets, exocr ine  
p a r e n c h y m a  a n d  l iver  is p r e s e n t e d  in T a b l e  I I .  F o r  al l  
t issues,  t h e  e n z y m e  a c t i v i t y  t o w a r d s  o x a l o a c e t a t e  was  

:Fig. 1. Malate dehydrogenase isoenzymes from the endocrine (left) 
and exocrine (middle} pancreas and the liver (right). The eathodal 

ends of the gels are at the top. 
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Fig. 2. Malate dehydrogenase activity in slices (3 mm each) of a poly- 
acrylamide gel after eleetrophoresis of an islet homogenate prepared 
as described in the text, The cathodal end of the gel is to the left. 

q u i t e  u n i f o r m l y  d i s t r i b u t e d  b e t w e e n  t h e  2 i soenzymes .  I n  
f u r t h e r  s u p p o r t  of th is ,  2 p e a k s  of a b o u t  t h e  s ame  a r e a  
were  o b t a i n e d  w h e n  t h e  M D H  a c t i v i t y  f rom t h e  e n d o c r i n e  
p a n c r e a s  was m e a s u r e d  in all  p a r t s  of a n  u n s t a i n e d  gel, 
s l iced i n t o  discs of e q u a l  sizes (F igure  2). 

Discussion. T h e  p r e s e n t  d a t a  s u p p o r t  t h e  r e c e n t  sug-  
ges t ion  t h a t  disc e lec t rophores i s  m a y  be  a v a l u a b l e  
a n a l y t i c a l  a n d  p r e p a r a t i v e  too l  in  s t u d y i n g  t h e  h i s to -  
c h e m i s t r y  of t h e  B-cells  in  mammalsn,XL T h e  A m e r i c a n  
obese -hype rg lycemic  mice  were  cons ide red  su i t ab l e  for  a n  
e l ec t rophore t i c  s t u d y , o f  t h e  MDH, s ince t h e i r  is lets  a re  
composed  of more  t h a n  9G% B-cells  is and ,  in  add i t ion ,  
s h o w e d  a cons ide rab l e  a c t i v i t y  of th i s  enzyme ,  l ike t h e  
e n d o c r i n e  p a n c r e a s  of o t h e r  species 1,s. T h e  m o l e c u l a r  con-  
f i g u r a t i o n  of t h e  M D H  in  t h e  islets  d id  n o t  p r o v e  to  be  
d i f f e ren t  f rom t h a t  of t h e  e n z y m e s  in  l iver  a n d  exoc r ine  
panc reas ,  as j u d g e d  f rom t h e  e l ec t rophore t i c  mobi l i t ies .  
I n  e v a l u a t i n g  t h e  r e l a t ive  a c t i v i t y  of t h e  d i f f e ren t  iso- 
enzymes ,  i t  s h o u l d  be  r e m e m b e r e d  t h a t  t h e  f l uo ropho to -  
me t r i c  m e a s u r e m e n t s  were  p e r f o r m e d  w i t h  o x a l o a c e t a t e  
as subs t r a t e ,  whereas  t h e  s t a i n i n g  of t h e  gels r evea l ed  ac-  
t i v i t y  t o w a r d s  ma l a t e .  T h e  i n t e r e s t i n g  sugges t ion  t h a t  
t h e  fo rw a rd  a n d  b a c k w a r d  r eac t i ons  a re  ca t a ly sed  b y  dif- 
f e r e n t  mo lecu la r  fo rms  of M D H  in  t h e  cells s, rece ives  
some  s u p p o r t  f rom t h e  p r e s e n t  o b s e r v a t i o n  t h a t  t h e  
c a t h o d a l  f rac t ion ,  w h i c h  e x h i b i t e d  t h e  w e a k e s t  s t a i n i n g  
w i t h  m a l a t e  as  s u b s t r a t e ,  was  a t  l eas t  as ac t ive  as t h e  
a n o d a l  one  t o w a r d s  oxa toace t a t e .  T h e  f ac t  t h a t  s imi la r  
resu l t s  were  o b t a i n e d  for  all  3 t i s sues  ind ica t e s  f u r t h e r -  
m o r e  t h a t  t h i s  sugges t ion  is as t r u e  of t h e  is lets  as  of t h e  
exocr ine  p a n c r e a s  a n d  t h e  l iver  x4. 

Zusammen/assung. Mit  d e r  P o l y a c r y l a m i d g e l - E l e k t r o -  
p h o re s e  lassen  s ich aus  L a n g e r h a n s s c h e n  I n s e l n  fe t t s t i ch-  
t i g -hype rg lyk / imi sche r  Miiuse 2 F r a k t i o n e n  y o n  Mala t -  
d e h y d r o g e n a s e  isolieren.  Die  r a s c h e r  w a n d e r n d e  F r a k t i o n  
s c h e i n t  eine grSssere Akt ivi t i£ t  gegen M a l a t  zu bes i tzen ,  
w i ih rend  in d e r  A k t i v i t i t t  gegen O x a l a c e t a t  ke in  U n t e r -  
sch ied  be s t eh t .  

U. HAGLUND a n d  I . -B.  T~LJ~DAL 

Histological Department, University o/ Umea, 
Umea 6 (Sweden), 28th February 1967. 

12 I.-B. T~LJEDAL, Acta endocr., Copenh. 55, 153 (1967). 
18 B. HELLMAN, C. HELLERSTROM~ S. WESTMAN, H,  HAMMAR and 

U. ROTHMXN, in The Struztur¢ and Metabolism o/ the Pancreatic 
Islets (Eds. S. E. BROLXN, B. HELLMAN and H. KNUTSO~; Perga- 
mon Press, Oxford 1964), p. 193. 

14 This work was supported by grants from the U.S. Public Health 
Service (No. AM-05759-06), the Medical Faculty in Umea, Therese 
and Johan Anderssons Stiftelse, the Swedish Medical Research 
Council (No. K67-12x-562-03) and the Swedish Diabetes Associa- 
tion. 


