
15.7. 1976 Specialia 843 

Cyclic AMP During Development and Ageing of the Insect Ceratitis capitata 

R. ]~. CATALAN, T. VILA and  M. P. CASTILLON 1 

Hospital Clinico, Departan~ento de Medicina Nuclear (JEN), Madrid-3 (Spain), 9 January 1976. 

Summary. Cyclic AMP was de t e rmined  dur ing the  deve lopmen t  of the  d ip te ra  Ceratitis capitata. The concen t r a t ion  of 
the  nucleot ide  reaches a peak  at  apolysis  with a sharp  decline in the  p h a ra t e  adul t  stage. A gradual  increase takes  place 
th rough  the  longevi ty  of adu l t  s tage reaching a m a x i m u m  pla teau  at  the  end of life. 

Cyclic AMP has been  sugges ted  to  be the  second mes-  
senger  which  media tes  the  act ion of a var ie ty  of ho rmone  
and  neurohormones  in d i f fe rent  anhna l  t issues ~. I t s  level 
is regula ted by  adenyl  cyclase which  syn the t i zes  i t  f rom 
adenosine  t r i phospha t e  and  cyclic nucleot ide  phospho-  
dies terase  which degrades  it to  5 ' -adenosine monophos-  
pha te .  Al though  the  v i ta l  role p layed  by  cyclic AMP in 
ve r t eb ra t e s  has been s tudied  in detail ,  its presence and 
impor t ance  in insects  has been neglected unti l  qui te  
recentty~. 
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Fig. 1. Cyclic AMP levels of homogenates of the insect Ceratitis 
capitals at different stages of development. Further explanations are 
given in the text. 

The presence of adenyl  cyclase in insects,  and  the  fac t  
t h a t  the  ac t iv i ty  of the  enzyme in the  p h a ra t e  adul t  s tage 
is one of t he  resul ts  of • mol t ing  ho rmone  act ion in t he  
d ip te ra  Cera/itis capitata, has  recent ly  been  shown 4. 

In  th is  pape r  levels of the  cyclic nucleot ide  dur ing  
d e v e l o p m e n t  and ageing of Ceratitis capitata are given. 

;Vlateria[s and methods, Culturing of Ceratitis capitata 
(Wiedemann)  was carried out  as previous ly  descr ibed ~. 
F rozen  t issue was homogen ized  a t  0~ in 0.61 M t r i -  
chloroacet ic  acid and  the  p ro te in  prec ip i ta te  again re- 
moved  by  centr i fugat ion.  The acid was ex t r ac t ed  f rom 
the  s u p e r n a t a n t  by  8 washes wi th  5 volumes  of wa te r -  
s a tu ra t ed  e the r  and the  e the r  r emoved  f rom the  aqueous  
phase  by  blowing air on to it. The final p H  was 7.5% 

Cyclic AMP was measured  b y  means  of a modi f ica t ion  ~ 
of the  compe t i t ive  b ind ing  pro te in  assay  of G~LMAN s 
using a b inding  pro te in  puri f ied f rom bovine  muscle.  
Briefly, a s t an d a rd  curve was genera ted  b y  incuba t ing  
various concen t ra t ions  of unlabel led cyclic AMP wi th  3H- 
cyclic A M P  (The Radio-chemica l  Centre,  A m e r s h a m ;  
spec. act.  29 Ci/mmole} and b inding  protein .  Concomi tan t -  
ly, u n k n o w n s  were incuba ted  with all t he  preceding com-  
ponen t s  w i th  t he  except ion  of unlabelled cyclic AMP.  
Separa t ion  of the  p ro t e in -bound  cyclic A M P  f rom the  
unbound  nucleot ide  was achieved by  adsorp t ion  of t he  
free nncleot ide  on to coa ted  charcoal  followed by  centr i fu-  
gation.  A sample of the  s u p e r n a t a n t  was r emoved  for 
l iquid scint i l la t ion count ing.  Nucleot ide  de t e rmina t i on  
was carr ied out  on homogena~es of 100 insects  b y  t r i -  
plicate. 

The dose-response curve was l inearized and the  final  
results  calcula ted wi th  a co mp u t e r  p ro g ram uti l izing a 
H e w l e t t - P a c k a r d  co mp u t e r  2116 B according to the logit-  
log m e t h o d  of RODBARD et al. 9. The va l id i ty  of the  assay 
procedure  was conf i rmed by  the  l inear i ty  of sample  dilu- 
t ion  and  b y  phosphod ies te rase  des t ruc t ion  of measured  
cyclic AMP.  Recovery  s tudies  ranged be tween  95-100%.  
The in t raassay  and  in te rassay  coefficient  of var ia t ion  
was less t h a n  7%. 
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Fig. 2. Cyclic AMP levels of the insect Ceratitis capitata during ageing. 
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E x t r e m e  values  of the  3 analyt ica l  values are repre-  
sen ted  in Figures  1 and  2. P ro t e in  was de t e rmined  b y  the  
m e t h o d  of LOWRY et  al. ~~ For  the  s t u d y  of longevi ty ,  
adul t  flies were ma in t a ind  a t  25 ~ The flies were kep t  in 
small  plast ic  cages w i th  app rox ima te ly  200 flies of each 
sex per  cage and food was removed  every  othe~ day.  
Flies were r emoved  every  24 h and immedia te ly  proces-  
sed. 

Results and discussion. Figure 1 shows the  results  
ob ta ined  dur ing  d e v e l o p m e n t  of tile insect.  As it can be 
seen, the  concen t ra t ion  of the  nucleot ide reaches  a peak  
prac t ica l ly  jus t  a t  apolysis wi th  a sharp  decline in the  
pha ra t e  adul t  stage. As has been repor ted  previous ly  4, the  
a m o u n t  of adenyl  cyclase increases dur ing  th is  s tage;  
therefore  it is qui te  possible to  imagine t h a t  the  much  
lower cyclic A M P  level could indicate  the  presence  o f  
po t en t  cyclic A M P  phosphodies te rase  ac t iv i ty  in sp l i t t ing  
the  cyclic AMP.  W i t h  this  regard,  we mus t  under l ine  t h a t  
i t  is genera l ly  considered t h a t  phosphodies te rase  governs  
the  t issue level of cyclic AMP H. The possibi l i ty  t h a t  th is  
enzyme m a y  be the  ra te  l imit ing s tep for ma in t a in ing  
s t eady  s ta te  levels of cyclc AMP in the  insect  m u s t  be 
de te rmined .  Levels of cyclic A M P  are close to  those  de- 
scribed by  K u o  et  al. ~2 in s i lkmoth  fa t  body.  We mus t  
po in t  ou t  also t h a t  the  fact  t h a t  Ceralitis capitata produces  
cyclic A M P  is no t  surprizing,  since it has  been shown to 
exh ib i t  cyclic AMP d e p e n d e n t  p ro te in  kinase ~. 

Due to the  ub iqu i ty  of cyclic AMP in na tu re  and the  
t issues of d i f fe rent  organisms,  and because of the  dif- 

fe rent  na tu re  of processes inf luenced by  this  nucleot ide,  
it  would p lay  a ve ry  i m p o r t a n t  role in the  ageing pheno-  
mena.  We have  de t e rmined  the  levels of cyclic AMP 
dur ing longevi ty ,  as is shown in Figure 2. A gradual  in- 
crease takes  place t h ro u g h  the  longevi ty  reaching a max-  
i m u m  pla teau a t  the end of life. Al though  it is ve ry  hard  
to expla in  such a p a t t e r n  dur ing  ageing, one could th ink  
in a gradual  m a t u r a t i o n  ~ of b iochemical  systems.  Such 
p h e n o m e n a  in some enzymes  in insects  has been demon-  
s t r a t ed  and the  increase of ac t iv i ty  af ter  several  days  of 
emergence  has been re la ted  to the  in i t ia t ion of the  f lying 
ac t iv i ty  1~, 1G. 

The signif icance of the  presence of cyclic A M P  in 
Ceratitis capitata can only  be speculated,  b u t  i t  can  be 
imagined  t h a t  the  insect  conta ins  a pr imi t ive  control  
sys t em wi th  several  features  in co mmo n  wi th  the  inter-  
cellular metabol ic  sys t em found in ver tebra tes .  
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Glycoprote in  B iosynthes i s  in Splenic  Cells.  Purif ication of a M i c r o s o m a l  Ga lac tosy l -Trans ferase  ~ 
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Summary. One pa r t  of the  microsomal  ga lac tosyl - t ransferase  ac t iv i ty  of splenic cells of ra ts  can by  solubil ized by  
the  act ion of Tr i ton  X-100 and Tween 20. I t s  pur i f ica t ion on a Sephadex  G-200 column and by e lect rophoresis  on a 
po lyacry lamide  gel leads to  a solution of h igh specific enzymic  act iv i ty .  

Previous  workS, a has  shown t h a t  diverse glycosyl-  
t ransferases  act ivi t ies  exis t  in splenic cells. F r o m  this,  
we have  been able to  locate a mannosyl - t rans fe rase ,  a 
N-ace ty l -g lucosaminyl - t ransferase ,  a s ialyl- t ransferase,  a 
fucosyl - t ransferase  and  a galactosyl- t ransferase ,  

A more  ref ined subcellular  f rac t iona t ion  shows t h a t  
these  enzymes  are d i s t r ibu ted  in the  microsomal  f ract ions  
sed imen t ing  in the  di f ferent  zones of a sucrose g rad ien t  "~ 
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Fig. 1. Kinetic study of galactosyl-transferase (Tris-HCl buffer, 
0.05 M, pH 6.8). 

or in the  mi tochondr ia  3. A mo n g s t  the  diverse galactosyl-  
t ransferases  p repa red  f rom dif ferent  tissues, some have  
microsomal  localization4,% others  are in a soluble s ta te  
in the  cell sap 6, and  ye t  o thers  are in tegra ted  in the  mem-  
brana l  s t ruc tures ,  bu t  can be dissolved by  the  careful 
ac t ion of some de t e rgen t sL  The microsomal  galactosyl-  
t ransferase  of splenic cells belongs to th is  last  group. Con- 
di t ions for its pur i f ica t ion are the  sub jec t  of this  paper .  

Material and methods. The p repa ra t ion  of microsomal  
f ract ions  and the  contro l  of the i r  qua l i ty  are ex tens ive ly  
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