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L o c u s t  A lan ine  A m i n o t r a n s f e r a s e  has  Subuni t  S truc ture  
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Summary. I o n  exchange  and  gel c h r o m a t o g r a p h y  of locust  f l igh t  muscle  a l an ine  a m i n o t r a n s f e r a s e  showed  t h a t  t h e  
cy top la smic  e n z y m e  occurs  b o t h  as m o n o m e r  a n d  t e t r a m e r ,  whereas  m i t o c h o n d r i a l  e n z y m e  exis ts  m a i n l y  as a d imer .  

I n s e c t  a lan ine  a m i n o t r a n s f e r a s e  exis ts  b o t h  in cytosol  
a n d  m i t o c h o n d r i a  ~, ~: However ,  n o t h i n g  is k n o w n  a b o u t  
t h e  n a t u r e  of t h i s  enzyme,  assoc ia t ing  w i t h  d i f fe rent  
subce l lu la r  f rac t ions .  R e c e n t l y  i t  h a s  become  a sub jec t  of 
c o n t r o v e r s y  in r e l a t ion  to  t he  h o r m o n a l  t i t r e s  a n d  p r o t e in  
syn thes i s  in  t he  m e t a m o r p h o s i n g  insec t  on  one  h a n d ,  
al ld t h e  level  of a l an ine  a m i n o t r a n s f e r a s e  on  t h e  o the r  5, 6. 
W e  bel ieve  t h a t  th i s  ha s  sugges ted  t he  need  for t h e  in-  
ve s t i ga t i ons  on  t he  n a t u r e  of t h i s  enzyme.  P r o b a b l y  t h i s  
m i g h t  help  in exp la in ing  some of t he  p h e n o m e n a  of 
h o r m o n a l  m e c h a n i s m  and  in  v i v o  regu la t ion  of insec t  
t r ansaminase s .  Th i s  p a p e r  descr ibes  t h e  c h r o m a t o g r a p h i c  
a n d  molecu la r  p roper t i e s  of a l an ine  a m i n o t r a n s f e r a s e  
(EC 2.6.1.2.), a n d  p resen t s  t h e  f i rs t  ev idence  on  t he  oc- 
cur rence  of i someric  fo rms  of t h i s  enzyme.  

F l i g h t  muscle  t i ssue  f rom a d u l t  Schistocerca gregaria, 
10-20 days  old, was used. The  e n z y m e  a c t i v i t y  was as- 
sayed  b y  h y d r a z o n e  m e t h o d  L P r o t e i n  was e s t i m a t e d  b y  
Fo l in ' s  r e agen t  m e t h o d  s. A n a l y t i c a l  gel f i l t r a t ion  was  
pe r fo rmed  accord ing  to  t he  s t a n d a r d  p rocedure  9. D E A E -  
cellulose c h r o m a t o g r a p h y  of f l igh t  muscle  soluble e n z y m e  
showed 3 ac t ive  species as is ev i den t  b y  t h e  a p p e a r a n c e  
of 3 e lu t ion  peaks  (Figure 1, S). Of t h e  3, p e a k  I was  n o t  
r e t a i n e d  on  t he  ion exchange r  a n d  was e lu ted  in equ i l ib ra -  
t ion  buffer  0.05 M, p H  8.2,' as a b r i g h t  yel low-green 
b a n d .  On t he  o t h e r  h a n d ,  peaks  I I  a n d  I I I  were adso rbed  
on  t h e  cellulose a n d  were e lu ted  b o t h  as b r i g h t  yel low- 
b r o w n  b a n d s  on ly  in 0.05 M p h o s p h a t e  buffer ,  c o n t a i n i n g  

0.15 3// and  0.25 M NaC1 respect ively .  M i t o c h o n d r i a l  
e n z y m e  w h e n  c h r o m a t o g r a p h e d  in a s imi la r  w a y  showed  
only  1 d i s t i nc t  p e a k  (Figure 1, M) of ac t iv i ty ,  wh ich  cor- 
r e sponded  to  t h e  p e a k  I I  of t he  soluble  f r ac t ion  i .e ;  i t  
was  Muted  as a b r i g h t  ye l low-brown b a n d  in a buf fe r  
c o n t a i n i n g  0.15 M NaC1. Th i s  c h r o m a t o g r a p h i c  be-  
h a v i o u r  of e n z y m e  suggests  t h e  differences  in  t h e  p ro t e in  
s t r u c t u r e s  of t h e  va r ious  forms.  W e  p red ic t ed  two pos-  
sibil i t ies : t h e y  could be  isozymes,  or p e r h a p s  t h e  s u b u n i t s  
of t h e  n a t i v e  e n z y m e  wh ich  m a y  show t h e  s t r u c t u r a l  

1 Present  address:  Max-P lack - Ins t i t u t  fiir Biochemie,  D-8033 
Mart insre id  be i  Mtinehen, BRD.  

2 We t h a n k  the  Director  of I A R I  for provid ing  facili t ies,  the ICAR 
for a fellowship to S.D.M. and  Prof. Dr. H. RE,BOLD for cr i t ical  
read ing  of the manuscr ip t .  

a B. A. KILBY and  ]~. NEVILLE, J.  E x p l  Biol. 34, 276 (1957). 
4 D. PETTE and  W. LUH, Bioehem. biophys.  Res. Commun.  8, 283 

(1962). 
5 S. WANG and  S. E. Dlxol% Can. J.  Zool. 38, 257 (1960). 

P. NOHEL and K. SLAMA, Insect Biochem. 2, 58 (1972). 
7 T. ]Z. FRIEDMANN, in Methods in Emymology (Eds. S. P. COLOWlCK 

and N. O. KAPLAN; Academic Press, New York 1957), vol. 3, 
p. 414. 

8 0 .  H. LOWRY, N. J. ROSEBROUGH, A. L. FARR and  R. J. RANDALL, 
J. biol. Chem. 193, 265 (1951). 

9 p. ANDREWS, Bioehem. J. 91, 222 (1964). 

0.25h/ 0.35H 

~ . ~  o o o~ , ~  - 

| 
0.6 

E ~ 

.g 
0.8 

0.8 

0.4 

0.2 

I00 

Fig. 1. Chromatography  of locust  f l ight  muscle  a lan ine  aminot rans -  
ferase on DEAE-cel lu lose  column,  2.5 X 30 cm. S, soluble enzyme;  
iV[, mi tochondr ia l  enzyme.  
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Fig. 2. Gel chromatography of alanine aminotransferase on Sephadex 
G-200. Arrow indicates void volume. 
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Molecular weight of alanine aminotransferase from soluble and mito- 
chondrial fractions (both after DEAE-cellulose chromatography) of 
locust flight muscle 

Fraction Ve/Vo Molecular weight Multiplication 
(daltous) factor 

Soluble 
Sz 1.59 63,000 1 
SII_ B minor 1.34 139,500 2 
SII_ A major 1.15 257,000 4 

Mitoehondrial 
MB major 1.39 119,000 2 
M A minor 1.17 241,000 4 

A calibrated column, 107 • 1.3 cm, was fitted to the regression equa- 
tion, log M = 7.00452 --  1.3865. (Ve/Vo), where M is molecular 
weight, Ve and Vo are elution and void volumes respectively in 
milliliters. 
, Soluble enzyme peak I and peak II were chromatographed. 

differences a t  the  q u a t e r n a r y  level 1~ T h a t  t he  species we 
observed  in the  p resen t  inves t iga t ions  were indeed  the  
isomeric forms of the  enzyme finds suppor t  in our  resul ts  
on the  molecular  weigh t  de t e rmina t ion  by  gel ch roma to -  
g r ap h y  on Sephadex  G-200. 

Our observa t ions  (Table and Figure  2) on the  f l ight  
muscle  soluble enzyme I and  I I  indica ted  t h a t  these  
forms are mo n o mer  and  t e t r amer ,  while t he  mi tochon-  
drial  enzyme is a dimer.  Fur the r ,  the  soluble enzyme 
peak  I I  was associa ted wi th  a dimeric  minor  enzyme 
p ro te in  which  was no t  comple te ly  s epa ra t ed  f rom the  
main  (Figure 2, S). Similarly,  mi tochondr ia l  f rac t ion also 
showed incomple te  ch roma tog raph ic  separa t ion  of t he  
minor  t e t r amer ic  enzyme pro te in  f rom the  main  (Figure 2, 
M). This  clearly suggests  t he  occurrence of the  d imer-  
t e t r a m e r  complexes  of enzyme in t he  cytosol  as well as in 
t he  mi tochondr ia .  Al though,  the  physiological  signifi- 
cance of these  s t ruc tura l  subuni t s  is no t  clear, i t  m a y  
never the less  be added  t h a t  t h e y  m a y  p lay  an i m p o r t a n t  
role similar  to  g lyce rophospha te  or ma la te -oxa loace ta te  
cycle in the  p roper  ma in t enance  of N A D / N A D H  rat io  11. 
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Summary. Exposu re  to glucose in t he  presence  of 3 - i s o b u t y l - l -me t h y l x an t h i n e  leads to  accumula t ion  of c A M P  in 
islets microdissec ted  f rom ob/ob-mice. This  process  is d e p e n d e n t  on extracel lu lar  Ca ++ b u t  differs m a r k e d l y  f rom the  
glucose act ion on insulin release in t he  same in v i t ro  s y s t em in d isappear ing  af ter  18 h of s ta rva t ion .  

In  ana logy wi th  the  Su the r l and  hypo thes i s  of ho rmo n e  
ac t ion  t h rough  a second messenger ,  glucose in i t ia t ion  of 
insulin release has been  supposed  to  occur as a resul t  of 
r ecep tor  in te rac t ion  leading to  the  fo rma t ion  of cyclic 
adenos ine  3', 5 ' -monophospha t e  (cAMP) ~-5. A l though  
th is  concep t  has been  chal lenged in several  repor t s  6-~, 
i t  seems likely t h a t  accumula t ion  of cAMP con t r ibu tes  
to  t he  se l f -po ten t ia t ing  act ion of glucose as an insulin 
secretagogue ~-~L 

There  has  been  a grea t  deal  of con t rove r sy  as to  
w h e t h e r  exposure  to  glucose ac tua l ly  leads to  accumula-  
t ion  of cAMP in t h e  pancrea t i c  islets~-7,9-aL Recen t  
s tudies  in th is  l abo ra to ry  showed t h a t  perfus ion wi th  
20 m M  glucose resul ts  in a s ignif icant  increase of cAMP 
in islets microdissec ted  f rom fed obese-hyperg lycaemic  
mice (genotype  ob/ob), prov ided  t h a t  t h e y  are s imul tane-  
ously exposed  to  a p o t e n t  phosphodies te rase  inhib i tor  11. 
The p re sen t  s t u d y  adds  to the  charac te r iza t ion  of t he  
glucose- induced accumula t ion  of cAMP in these  t -cel l -  
r ich pancrea t i c  islets by  d e m o n s t r a t i n g  i ts  dependence  
on the  nu t r i t i ona l  s t a tu s  of t he  an imal  and  the  presence  
of extracel lu lar  Ca++. 

Materials and methods. Female  7 m o n t h  old ob/ob-mice, 
t a k e n  f rom a non- inbred  colony, were  used as t he  source 
of panc rea t i c  islets con ta in ing  more  t h a n  90% t-cel ls  1~. 
The an imals  h a d  free access t o  w a t e r  and  were  e i ther  
a l lowed free access to  food, or s t a rved  for 18 h before 

being killed by  decapi ta t ion .  F re sh  pancrea t i c  islets were 
microdissec ted  f ree-hand and  incuba ted  a t  37~ wi th  
d i f ferent  concen t ra t ions  of Ca ++ in Krebs -R inge r  bi- 
ca rbona te  med i u m conta in ing  1 mg /ml  a lbumin  and  
equi l ibra ted  wi th  O 2 + CO~ (95:5). A f t e r  40 min  of 
p re l imina ry  incubat ion ,  t he  a m o u n t s  of insulin released 
were measured  dur ing  60 min  of fu r the r  incuba t ion  in 
m e d i u m  conta in ing  3 or 20 m M  glucose and  1 m M  3-iso- 
b u t y l - l - m e t h y l x a n t h i n e  (IBMX).  W h e n  analyz ing  the  
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