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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. 

10 F. J. REITHEL, in Advances in Protein Chemistry (Eds. C. B. 
ArCEIr~SEN, M. L. AI~SOi~ and J. T. EDSALL; Academia Press, 
New York 1963), vol. 18, p. 123. 

11 B. SACKTOR, in The Physiology o] Insecta (Ed. IV[. ROCKSTEIN; 
Academic Press, New York 1974), vol. 4, p. 272. 
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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  

i Supported by the Swedish Medical Research Council (No. 12 • 
562/. 
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islets f rom the  fed animals,  0.5 m M  ethylene-glycol-bis- 
(aminoethyle ther ) - te t ra -ace t ic  acid (EGTA) was  included 
in t he  media  lacking Ca ++ . Af te r  incubat ion ,  t he  islets 
were freeze-dried and  weighed as  previous ly  descr ibed 13. 

The m ed ium con t en t  of insulin was measured  radio- 
immunologica l ly  using crysta l l ine  mouse  insulin as a 
reference.  Free  and  an t i body -bound  insulin were sepa- 
r a ted  by  prec ip i ta t ion  wi th  e thanol .  For  de t e rmina t ion  
of cAMP, perchloric  acid ex t rac t s  were made  f rom the  
freeze-dried islets, and  in some cases, also f rom the  in- 
cuba t ion  media.  These ex t rac t s  were  purif ied b y  ion 
exchange  c h r o m a t o g r a p h y  and  cAMP was  measured  b y  
r ad io immunoassay  11. Sta t i s t ica l  differences were  calcu- 
la ted  f rom the  mean  differences be tween  pa i red  t es t  and  
control  incuba t ions  in series of r epea ted  exper iments .  

Results. The am oun t s  of insulin released a t  d i f ferent  
Ca++ concen t ra t ions  in t he  presence  of t he  phosphod i -  
esterase inhib i tor  I B M X  are shown in Table  I. Rais ing  
the  glucose concen t ra t ion  f rom 3 to  20 m M  resul ted  in a 
s ignif icant  s t imula t ion  of insulin release only  when  
extracel lular  Ca++ was present .  F u r t h e r  s t imula t ion  of 
insulin release by  glucose beyond  t h a t  no ted  in the  

Table I. Amounts of insulin released 

Nutritional 
status 

Insulin release (ng/[zg dry islet) 

Ca ++ Glucose Glucose Difference 
(mM) (3 mM) (20 mM) 

Starved 0 0.96 dr 0.21 2.74 dr 0.91 + 1.78 dr 0.87 
Starved 2.56 1.77 dr 0.23 26.65 dr 2.65 +24.89 dr 2.53 b 
Starved 5.12 1.60 dr 0.35 25.02 4- 3.76 +23.43 4- 3.58 b 
Fed 0 3.34 dr 0.94 4.37 dr 1.88 + 1.03 dr 1.14 
Fed 2.56 12.27 dr 2.64 27.78 dr 3.46 +15.50 dr 2.02 b 
Fed 5.12 10:51 ~ 2.07 26.46 ~ 5.48 +15.96 dr 4.34 ~ 

Islets were mierodissected from starved and fed ob/ob-mice and 
incubated for 60 rain with 3 or 20 mM glucose in the presence of 
different concentrations of Ca ++. Mean values dr SEX{ for 7-8 
experiments. ~p < 0.01; bp < 0.001. 

Table II. Islet contents of cAMP and the amount of cA~fP released 
into the medium' 

Nutritional 
status 

Islet cAMP (fmoles/~xg dry islet) 

Ca Glucose Glucose Difference 
(mM) (3 raM) (20 mM) 

Starved 0 16.9 -1- 2.0 20.7 4- 4.4 + 3.8 dr 4.3 
Starved 2.56 21.0 dr 2.8 25.1 dr 3.3 + 4.1 dr 5.1 
Starved 5.12 18.0 • 0.7 29.1 4- 4.5 +11.1 dr 4.6 
Fed 0 29.5 -4- 6.3 35.8 -t- 5.3 + 6.3 dr 3.4 
Fed 2.56 30.5=t=3.5 52.3+7.1 +21.8+5.3 ~ 
Fed 5.12 32.9-4- 4.8 59.5 dr 7.9 +26.6-t- 7.2 

iVfedium cAMP (fmoles/~g dry islet) 

Fed 0 39.8 -L 6.2 33.4 dr 4.6 -- 6.3 • 6.9 
Fed 2.56 28.0 • 3.0 30.7 dr 2.9 + 2.7 • 1.9 
Fed 5.12 28.8 dr 4.0 .32.4 -t- 5.2 + 3.6 -t- 4.2 

o rd ina ry  K R B  m e d i u m  was no t  seen af ter  including 
twice as m u c h  Ca ++ (5.12 raM) in the  incuba t ion  medium.  
Fas t ing  resul ted  in a considerable  reduc t ion  of t he  ra te  
of insulin release recorded at  3 m M  glucose. However ,  
t he  nu t r i t iona l  s t a tus  did no t  inf luence the  secre tory  ra te  
reached  when  the  islets were s t imu la t ed  wi th  20 m M  
glucose. 

I t  is ev iden t  f rom Table I I  t h a t  h igher  levels of cAMP 
occurred in t he  islets microdissec ted  f rom the  mice al- 
lowed free access to  food. In  the  presence  of 3 m M  
glucose, t he  Ca ++ concen t ra t ion  of the  incuba t ion  med i u m 
did n o t  inf luence the  islet c o n t e n t  of cAMP.  Addi t ion  of 
20 m M  glucose to  t he  incuba t ion  m e d i u m  resu l ted  in an 
increased islet con ten t  of cAMP when  extracel lu lar  Ca++ 
was  present .  This effect  of glucose on cAMP was s ta t is -  
t ical ly  s ignif icant  only  wi th  regard  to the  islets f rom fed 
animals  and had  no obvious c o u n t e r p a r t  for the  cAMP 
found  in the  incuba t ion  medium.  

Discussion. Whereas  s t a rva t ion  for 48 h has been  re- 
po r t ed  to  lower t he  cAMP co n t en t  of non- incuba ted  
islets isolated f rom ra ts  14, no such effects were no ted  
wi th  islets f rom normal ,  non-obese  mice 1~ Pro longed  
wi thd rawa l  of food also did no t  reduce the  cAMP levels 
recorded af ter  incuba t ing  mouse  islets wi th  low or h igh 
concen t ra t ions  of glucose in t he  presence  of 1 m M  of t he  
p o t e n t  phosphod ies te rase  inhibi tor  I B M X  10. In  cont ras t ,  
t he  shor t  per iod of s t a rva t ion  employed  in t he  p re sen t  
s tudy  caused a marked  depress ion of cAMP w h e n  the  
fl-cell-rich ob/ob-mouse islets were incuba ted  wi th  t he  
same concen t ra t ion  of IBMX.  I t  was also ev iden t  t h a t  
w i thd rawa l  of food resul ted  in a d i sappearance  of t h e  
glucose- induced accumula t ion  of cAMP seen in t he  
presence  of the  phosphodies te rase  inhibi tor .  The l a t t e r  
f inding lends s t rong suppor t  to the  hypo thes i s  of CAPIXO 
and  HEOESKOV 1~ t h a t  the  process by  which  glucose leads 
to  accumula t ion  of cAMP in the  pancrea t ic  islets~-7, 9-11 
is d e p e n d e n t  on the  nu t r i t iona l  s ta tus  of t he  animals.  
The fact  t h a t  t he  effect  of s t a rva t ion  on the  glucose ac- 
cumula t ion  of cAMP was no t  accompanied  b y  any  re- 
duc t ion  of g lucose-s t imula ted  insulin release adds  to  t he  
previous observa t ions  indica t ing  f u n d a m e n t a l  differences 
be tween  the  cAMP-promot ing  and  insulin-releasing ac- 
t iv i t ies  of glucose 6, 7, ~-11. I t  is w o r t h y  of note  t h a t  there  
was no i m p a i r m e n t  of the  glucose- induced insulin release 
in the  presence of I B M X  af ter  removal  of food, since 
previous s tudies  have  ind ica ted  a suppres san t  effect  of 
fas t ing af ter  exposing islets f rom ob/ob-mice to  theophy l -  
lille la. This  d i sc repancy  m a y  be a t t r i b u t e d  to  the  fact  
t h a t  I B M X  is a more  p o t e n t  phosphodies te rase  inhibi tor .  

Adeny la t e  cyclase ac t iv i ty  has  been  found  to  depend  
on Ca ++ in o the r  t ypes  of cells 16,17, b u t  the re  are also 
repor t s  t h a t  Ca ++ can inhibi t  the  fo rmat ion  of cAMP ia-21. 
The la t te r  t y p e  of effect  is exemplif ied f rom the  increased 
levels of c A M P  no ted  in cerebral  cor t ical  slices af ter  
omission of Ca++ f rom the  incuba t ion  med i u m ~2. I t  has  
been d e m o n s t r a t e d  t h a t  w i thd rawa l  of Ca ++ f rom a 
Krebs -Ringer  b ica rbona te  med i u m conta in ing  h igh  con- 
cen t ra t ions  of glucose and  phosphod ies te rase  inhib i tor  
resul ts  in a s l ight  depress ion of the  cAMP levels in islets 
mierodissected f rom ob/ob-mice s t a rved  overn igh t  23. Tile 
p resen t  s t u d y  ex tends  those  observa t ions  in showing 
t h a t  Ca++ is a prerequis i te  for the  glucose-induced ac- 
cumula t ion  of cAMP r a t h e r  t h a n  inf luencing the  level of 
th is  nucleot ide  a t  a non-s t imula t ing  glucose concent ra -  

Microdissected islets were incubated for 60 rain with 3 or 20 mM 
glucose in the presence of different concentrations of Ca ++ . The islets 
are those described in Table I. Mean values 4- SEN for 7-8 experi- 
ments~, p < 0.01. 

18 B. HELLMAN, Diabetologia 5, 110 (1970). 
14 H. SELAWRY, R. GUTMAN, G. FIUK and L. REC&IqT, Biochem. 

Biophys. Res. Commun. 51, 198 (1973). 
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t ion.  R e c e n t  r epo r t s  also sugges t  t h a t  Ca ++ is a pre-  
r equ i s i t e  for  g lucose- induced  a c c u m u l a t i o n  of c A M P  in  
r a t  islets 5, ~4. 

Calc ium ions m a y  s t i m u l a t e  t h e  a c c u m u l a t i o n  of 
c A M P  in p a n c r e a t i c  islets  exposed  to  h i g h  c o n c e n t r a t i o n s  
of glucose in severa l  ways.  One poss ib i l i ty  is t h a t  Ca++ 
inh ib i t s  t he  d e g r a d a t i o n  of cAMP.  This  seems un l ike ly  in 
v iew of t he  o b s e r v a t i o n  t h a t  g lucose- induced  accumula -  
t i on  of c A M P  requi res  t h a t  t h e  phosphod ie s t e r a se  a c t i v i t y  
be  i n h i b i t e d  in  t h e  p r e s e n t  islet  p repa ra t ion~L F u r t h e r -  
more,  Ca ++ ha s  n o t  been  found  to  af fec t  t h e  phosphod i -  
es terase  a c t i v i t y  in  mouse  islets ~5, e6. Omiss ion  of ex t r a -  
cel lular  Ca++ does n o t  s ign i f i can t ly  r educe  t h e  is let  
ox ida t i on  of glucose a t  glucose c o n c e n t r a t i o n s  be low 
5 m M  27, i.e. t h e  c o n c e n t r a t i o n  r ange  in w h i c h  A T P  is 
c r i t ica l ly  d e p e n d e n t  on  glucose 2s. There fore  t h e  p r o m o t -  
ing effect  of Ca ++ on c A M P  a c c u m u l a t i o n  m i g h t  ref lect  
c h a n g e s  in t h e  a d e n y l a t e  cyclase a c t i v i t y  r a t h e r  t h a n  
be ing  t h e  resu l t  of increased/5-cel l  levels of ATP .  
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P h y l o g e n e t i c  P o s i t i o n  o f  t h e  A m e r i c a n  Timarcha L a t r .  (Coleoptera, C h r y s o m e l i d a e )  B a s e d  o n  C h r o -  

m o s o m a l  D a t a  
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Bobo-DiouIasso (Haute-Volta), 8 september 1975. 

Summary. The  c h r o m o s o m a l  ana lys i s  of T. intricata Hald .  ha s  s h o w n  a diploid  c o m p l e m e n t  of 44 chromosomes ,  t h e  
h i g h e s t  n u m b e r  found  in Timarcha a n d  c lear ly  d i f fe ren t  f rom those  of t h e  t a x a  p rev ious ly  s tud ied .  Th i s  c o m p l e m e n t  
favours  a d e r i v a t i v e  or igin of t he  A mericanotimarcha subgenus  f rom a h y p o t h e t i c a l  ances t r a l  species of 20 chromosomes .  
The  impl ica t ions  of t h i s  k a r y o t y p e  are also discussed w i t h  some morphologica l ,  b iogeograph ica l  a n d  ecological  po in t s  
of v iew a n d  obse rva t ions .  

Since 1968, t he  karyologica l  ana lyses  car r ied  o u t  on  
31 t a x a  of t he  genus  Timarcha Latre i l le  h a v e  revea led  a 
r a t h e r  wide  r ange  of v a r i a t i o n  in c h r o m o s o m e  n u m b e r s  
f rom 2n ~ 20 to 2n = 30 2-5. B y  us ing  morpho log ica l  
cr i ter ia ,  t he  genus  appea r s  as s h a r p l y  h o m o g e n e o u s  ; t h u s  
these  u n s u s p e c t e d  karyologiea l  dif ferences  h a v e  p r o v i d e d  
v a l u a b l e  tools  to  e s t ab l i sh  t h e  p r imi t i venes s  of t he  genus  
a n d  h a v e  t h r o w n  l igh t  on  e v o l u t i o n a r y  l ineages.  The  
karyologica l  resu l t s  were in a good a g r e e m e n t  w i t h  some 
o the r s  o b t a i n e d  in  va r ious  aspec ts  of t a x o n o m i c  in t e r e s t  6 

Most  Timarcha h a v e  a diploid c o m p l e m e n t  of 20 
chromosomes ,  a n u m b e r  wh ich  ha s  been  cons idered  as t h e  
p r i m i t i v e  a m o n g  t h e  Coleoptera polyphaga 7. All t a x a  
cyto logica l ly  e x a m i n e d  be long  to  t h e  subgenus  Timarcha 
s. str. ( including in th i s  sense t h e  subgenus  Timarchostoma 
Mots.),  b u t  r e p r e s e n t a t i v e s  of t h e  two  o t h e r  subgenera ,  
Metallotimarcha Mots.  a n d  Americanotimarcha Jol ive t ,  
were n o t  ch romosomica l l y  ana lyzed .  

Accord ing  %0 severa l  cha rac t e r s  of e x t e r n a l  m o r p h o l o g y  
and  male  gen i ta l i a  s t ruc tu re ,  t h e  Metallotimarcha a n d  t h e  
Americanot{marcha are genera l ly  cons idered  as t h e  m o s t  
a n c i e n t  Timarcha. This  aspec t  is p r e s u m a b l y  r e l a t ed  w i t h  
t he  re l ic t  geograph ica l  d i s t r i b u t i o n  of b o t h  subgenera ,  
t he  Metallotimarcha in  h e r c y n i a n  m o u n t a i n s  of Cen t ra l  
E u r o p e  and  in t he  Caucasus,  a n d  t h e  Americanotimarcha 
in  wes t e rn  coas t  of N o r t h  A m er i ca  f rom V a n c o u v e r  
(Canada)  to  n o r t h e r n  CaliforniaS, 9. However ,  ecological  
o b s e r v a t i o n s  on  t h e  Americanotimarcha suggest a de-  
r i v a t i v e  or igin of th i s  subgenus  f rom t h e  ances t r a l  gener ic  
source, since t h e  two  species of Americanotimarcha feed 
on  1Roseaceae whi le  m o s t  of t h e  o t h e r  Timarcha feed, 
ac tua l  or po ten t i a l ly ,  on  R u b i a c e a e  t h o u g h  t h e y  m a y  be 

secondar i ly  a d a p t e d  to  p l a n t s  of o t h e r  famil ies  s, 9. F r o m  
th i s  p o i n t  i t  seemed p a r t i c u l a r l y  i n t e r e s t i ng  to  k n o w  some 
cyto logica l  d a t a  on  t h e  Americanotimarcha to  d e t e r m i n e  
i t s  phy iogene t i c  pos i t ion  w i t h i n  t he  genus.  

Material and method. A smal l  s ample  of ma le  l iv ing  
i nd iv idua l s  of T. (Americanotimarcha) intricata Hald .  
were a i r -mai led  in J u n e  1974 f rom Oregon to  B a r c e l o n a  
a n d  i m m e d i a t e l y  s tud ied  on  arr ival .  The  c h r o m o s o m e  
ana lys i s  was  pe r fo rmed  on  meiot ic  a n d  mi to t i c  m e t a p h a s e s  
of s p e r m a t o g o n i a l  cells b y  ace to-orce in  s q u a s h  p r e p a r a -  
t ions .  Some m i c r o p h o t o g r a p h s  were  also t a k e n  of t h e  
be s t  m e t a p h a s e  sp reads  w h i c h  c o m p l e m e n t e d  t he  micro-  
scopic obse rva t ions .  

Results. Two ind iv idua l s  were  cy to logica l ly  e:~amined 
a n d  b o t h  showed  a diploid  c o m p l e m e n t  of 44 ch romo-  
somes.  The  k a r y o t y p e  of t h i s  species is c o n s t i t u t e d  b y  
ch romosomes  of sma l l  size, m o s t l y  ac rocen t r ics  (Figure 1). 
22 r o d / r o u n d  s h a p e d  b i v a l e n t s  were easi ly  r ecorded  in 
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