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E f f e c t  o f  Temperature on the Spectral Properties 
of Glutamic-Aspartic Transaminase and 

Pyridoxal Phosphate 

In  g lu tamic -aspa r t i c  t r a n s a m i n a s e  (L-aspar ta te :  2-oxo- 
g lu t a ra t e  amino t r ans fe ra se  E.C. 2.6.1.1) changes  in p H  are 
connec ted  wi th  c o n c o m i t a n t  changes  in t he  s p e c t r u m  of 
t he  e n z y m e  1. In  t he  p r e sen t  r epo r t  we have  e x a m i n e d  
w h e t h e r  the  increase or decrease of the  t em per a tu re ,  
which  has  a k n o w n  effect  on the  ac t iv i ty  of the  t rans -  
aminase  1, has  any  effect  on its spec t rum.  The  s p e c t r u m  
of t he  t r a n s a m i n a s e  a t  p H  8.5 is charac te r ized  by  a single 
abso rp t i on  b a n d  wi th  m a x i m u m  a t  362 rim, while a t  
p H  5.5 i t  exh ib i t s  2 abso rp t ion  b a n d s  wi th  m a x i m a  a t  
340 n m  and  426 n m  2. 

Spec t roscopic  s tudies  were  fol lowed in a B e c k m a n  
s p e c t r o p h o t o m e t e r  wi th  t he rmospace r s  and  in a Cary 
recording  s p e c t r o p h o tome te r .  The  ac t iv i ty  of t h e  e n z y m e  
was measured  b y  the  m e t h o d  of CAMMARATA et  al. 8. The  
opt ical  densi t ies  a t  d i f fe ren t  wave leng ths  and  t e m p e r a -  
tures  of the  t r a n s a m i n a s e  solut ions alone or in t he  presence  
of ke to subs t r a t e s  or aminosubs t r a t e s ,  as well as t he  opt ical  
densi t ies  of py r idoxa l  p h o s p h a t e  solut ions  unde r  t he  same 
condi t ions ,  are shown  in the  Table.  

I t  can  be seen f rom the  Table  t h a t  a decrease  in t em-  
p e r a t u r e  (which is accompan ied  by  a d iminu t ion  of t r ans -  
aminase  act iv i ty)  increases  t he  abso rp t ion  of t he  t r ans -  
aminase  in t he  visible area  of the  spec t rum ( m a x i m u m  
426 nm) and  decreases  it in t h e  UV-area  ( m a x i m u m  340 
nm).  U n d e r  t he  same condi t ions  t h e  solut ions of free 
py r idoxa l  p h o s p h a t e  undergo  a decrease  in the  abso rp t i on  
on the i r  m a x i m u m  a t  388 n m  and  an  increase  on the  
m a x i m u m  a t  295 nm.  The spec t ra l  changes  observed  in 
t he  solut ions of free py r idoxa l  phospha te ,  when  the  t em-  
p e r a t u r e  is var ied,  are no t  analogous  to those  of t he  t rans-  
aminase .  Whi le  in t h e  former  t he  opt ical  dens i ty  a t  400 
n m  decreases  a t  low t empera tu re s ,  in t he  l a t t e r  i t  in- 
creases (Table). T e m p e r a t u r e  dependence  of the  fluores- 

cence eff iciency and  of t h e  q u a n t u m  yield for some 
v i t a m i n  B e c o m p o u n d s  was  prev ious ly  repor ted* .  

K e t o s u b s t r a t e s ,  a -ke tog lu t a ra t e  and  oxaloace ta te ,  as 
well as d icarboxyl ic  acids w i th  4 and  5 ca rbon  a toms ,  
combine  wi th  t r a n s a m i n a s e  and  form complexes  wi th  
charac te r i s t i c  a b s o r p t i o n  spec t ra  1.2,s. W h e n  t h e  effect  of 
t h e  t e m p e r a t u r e  on t h e  t r a n s a m i n a s e  s p e c t r u m  in t he  
presence  of ke to subs t r a t e s  was s tudied,  i t  was found  t h a t  
unde r  these  condi t ions  t he  sens i t iv i ty  of t he  e n z y me  spec- 
t r u m  ceases. The opt ical  dens i ty  of b o t h  m a x i m a  (432 n m  
and  340 nm) remain  s table  for a wide range  of t e m p e r a -  
tures .  The obse rved  s tab i l i ty  of t he  t r a n s a m i n a s e  spec- 
t r u m  in t he  presence  of k e t o s u b s t r a t e s  is a l inear  func t ion  
of the i r  concen t ra t ion .  The sens i t iv i ty  of t he  t r a n s a m i n a s e  
s p e c t r u m t o w a r d s  t e m p e r a t u r e  changes  decreases  as the  
c o n c e n t r a t i o n  of the  ke to subs t r a t e s  increases  and  finally 
it becomes  insensi t ive  and  ' f reezes '  a t  a c o n c e n t r a t i o n  of 
t he  c o m p o u n d  close to  its K m value (Table). This  s tabil i -  
zing p r o p e r t y  of k e t o s u b s t r a t e s  aga ins t  t e m p e r a t u r e  
changes  poss ib ly  p rov ides  an exp lana t ion  for the i r  pro-  
tec t ive  effect  on the  ac t iv i ty  of the  e n z y m e  when  a d d e d  
dur ing  the  hea t ing  s tep  in t he  process  of the  t r a n s a m i n a s e  
pur i f ica t ion  1. 

The behav iou r  of t he  t r a n s a m i n a s e  s p e c t r u m  towards  
t e m p e r a t u r e  changes  was also e x a mi n e d  in e n z y me  solu- 
t ions  con ta in ing  g lu t ama te  or a spa r t a t e .  A mi n o s u b s t r a t e s  
combine  wi th  t r a n s a m i n a s e  and  form p r o d u c t s  w i th  a 
charac te r i s t ic  spect ra l  m a x i m u m  a t  333 nm*.  I n  c o n t r a s t  

1 W. T. JENKINS, D. A. YPHANTIS and I. W. SIZER, J. biol. Chem. 
234, 51 (1959). 
A. E. EVANOELOPOULOS and I. W. SIZER, Proc. natn. Acad. Sci. 
USA 49, 638 (1963). 

$ P. S. CAMMARATA and P. P. COtlEN, J. blol. Chem. 193, 53 (1951). 
4 R. F. CHEN, Science 150, 1593 (1965). 
B A. E. EVhN6ELOPOULOS and I. W. SIZER, J. biol. Chem. 240, 2983 

(1965). 

The effect of temperature variation on the absorption of glutamic-aspartic transaminase alone or of its reaction products with ct-ketoglutarate, 
oxaloacetate, glutamate and aspartate. The effect on the absorption maxima of the spectrum of pyridoxal phosphate, under the same condi- 
tions, is also presented. In all experiments an enzyme solution containing 30 mg protein]ml (0.02 M phosphate buffer pH 5.5) and a pyridoxal 

phosphate solution of 50 #g/ml in the same buffer was used 

Solution tested Wave-length Optical density at the temperatures shown below (°C) 
nm 2 20 40 50 60 

(A) Transaminase 

1. alone 426 1.44 1.35 1.27 1.24 1.20 
340 1.25 1.30 1.33 1.35 1.38 

2. in 2 • 10-SM ~-ketoglutarate 432 1.46 1.38 1.32 1.30 1.28 
340 1.20 1.24 1.26 1.28 1.30 

3. in 4 • IO-*M ~-ketoglutarate 432 1.46 1.43 1.40 1.38 1.30 
340 1.19 1.23 1.24 1.26 1.27 

4. in 8 • 10-*M ~-ketoglutarate 432 1.48 1,48 1.48 1.48 1.47 
340 1.17 1.17 1.18 1.19 1.20 

5. in 4 • lO-aM oxaloacetate 426 1.49 1.49 1.47 1.46 1.45 
340 1.26 1.27 1.28 1.29 1.31 

6. in 4 ' 10-4M L-glutamate 426 1.24 1.20 1.17 1.12 1.04 
333 1.36 1.40 1.42 1.48 1.52 

7. in 4 • lO-4M L-aspartate 426 1.26 1.21 1.13 1.05 0.95 
333 1.29 ] .33 1.38 1.47 1.59 

(B) Pyridoxal phosphate 388 0.52 0.65 0.68 0.69 0,69 
295 0.85 0.61 0.52 0.45 0.43 
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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. 

1 j .  M. KlSSANE, P. E. LACY, S, E. BROLIN and C. H. SMXTH, in 
The Structure and Metabolism o! the Pancreatic Islets (Eds. S. E. 
t]ROLIN, ]~. HI~LLMAN and H. Kuursou; Pergamon Press, Oxford 
1964), p. 281. 

2 S. E. BROUN, E. BORGLUND and A. ONLSSO~, in The Structure and 
Metabolism o/the Pancreatic Islets (Eds. S. E. BROLIN, B. HELLMAN 
and H. KNUTSON; Pergamon Press, Oxford I964), p. 2B9. 

s N. O. KAPLAN, Baet, Rev. 27, 155 (1963). 
4 L. OR.~STEXN, Ann. N.Y. Aead. Sci. 121, 321 (1964). 
5 B. J. DAvis, Ann. N.Y, Acad. Sci. 121, 404 (1964). 
6 I.-B. T:~LJEDAL, Med. Pharmae. exp. t5, 603 (1966). 
7 A. M. INCALLS, M. M. DICKIE and G. D. S~r,~LL, J. Hered. dt, 317 

(1950). 
s C. HELLERSTR6i, Acta endocr., Copenh. d5, 122 (1964). 
9 M. B. LAYCOCK, D. A. THUR~AN and D. BOULTgR, Cliniea ehim. 

Aeta 11, 98 (1965). 
lo O. H. LowRY, N. R. ROBERTS and M. L. W. CNANG, J. biol. Chem. 

222, 96 (1965). 
11 O. H. LOWRV, N. J. ROSl~BROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 793, 256 (1951). 


