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emergence with D. suzukii males and subsequently injected 
with an extract from their own species produced a signifi- 
cantly greater number of  hybrid progeny than did controls 
(table 2). The small number of  hybrids produced by even 
treated females was not unexpected considering the scarcity 
of sperm transferred during interspecific copulation, and 
the unusual route by which stimulant was administered. 
Rather unexpected was the fact tha! vigorous hybrids of  
both sexes were produced in almost equal frequency. 
Moreover. the female hybrids were fertile when back- 
crossed to the parent species, although the male hybrids 
were sterile. 
These results indicate that the genetic incompatibility be- 
tween the 2 species is very small, and that the species- 
specificity of the paragonial substances plays a certain role 
as a hybridization barrier, though the pre-mating barriers 
are obviously of primary importance. I would like to 
propose the term ~ sterility' for such gametic 
isolation. With paragonial sterility, a female first inseminat- 
ed by a heterospecific male. and then by a conspecific male 
will not suffer the reduction of fertility found with 'insemi- 
nation reaction', another gamenc isolating mechanism 
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known in Drosophila ~~ Perhaps such paragonial sterility, 
having been favored by natural selection, will be dis- 
covered in other species, especially those whose pre,mating 
isolation is incomplete. 
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Sanjay Mandal ~ 

Entomology Laboratory, Zoology Department, The University of Burdwan, Burdwan-713104, West-Bengal (lndia), 
February 24, 1982 

Summary. L-Alanine:2-oxoglutarate aminotransferase (GPT, 2.6.1) and L-aspartate:2-oxoglutarate aminotransferase 
(GOT, 2,6.1) activity were different in different tissues of each sex and also in the 2 sexes. In all tissues of  both sexes GPT 
activity was found always to be higher than GOT activity. Allatectomy leads to a decline in the activity of  both enzymes in 
all tissues of  males and females. Juvenoid treatment of the allatectomized insects reverses the effect of  allatectomy. After 
both a11atectomy and brain-cauterization and extremely high decline of  the activity of  both enzymes in comparison to cases 
in which only allatectomy had been carried out. 

The literature on the effects of  juven0ids, allatectomy and 
abalation of  median neurosecretory cells at the level of  the 
whole organism and at the biochemical level in different 
insect species has grown exponentially Over the past few 
decades, but there have been few demonstrations of  direct 
or indirect relationships between the application of a 
particular juvenoid, or allatectomy or brain-cauterization, 
and synthesis or activity of a particular enzyme 3'4. The 1st 
indication of  differential cellular enzyme activitysin normal 
and sterile boll weevils was given by Chang et at..6, and the 
occurrence of  different transaminase activities in different 
insect tissues was reported by Bheemeswar and Sreeniva- 
saya 7 in Bombyx mori, Chen and Diem 8 in Drosophila 
melanogaster, and Mandal et al. 9 in Schizodactylus monstro- 
sus. A decline in the activity of  transaminase resulting from 
allatectomy in adult insects was first reported by Wang and 
Dixon l~ The application of  juvenile hormone inducing the 
activity of  acid phos.~hatase in different tissues was report- 
ed by Beel and Feir i. Such fragmentary findings demon- 
strate that corpora aUata play an important function on the 
cellular enzyme level, apart from their main gonadotropic 
role in adult insects. Therefore it is of  academic interest to 
know actually what role the different endocrine centres 
play in affecting the cellular enzyme level, and whether 
there are any sexual differences in their function. The 
present investigation was undertaken to find out the effects 
of  brain, corpora allata and synthetic juvenoids on the 

transaminase activity in adult male and female Lohita 
grandis Gray (Pyrrhocoridae : Heteroptera: Hemiptera). 
The insects were reared in the laboratory following the 
procedure described elsewhere t2 and emerging adult (4 h 
after emergenCe) males and females were used in the 
experiments. The necessary organ tissues for the ex- 
periments were collected by dissecting the insects under 
Ringer's solution mixed with phenyl thiourea. The hemo- 
lymph was collected separately in ice~cold centrifuge tubes 
previously coated with phenyl thiourea to inhibit the tyrosi- 
nase activity. Allatectomy was performed following the 
method outlined by Stay and Tobe 13, and brain-cauteriza- 
tion was performed using the technique of  Girardie 14. The 
juvenoid used here was the highly active compound of 
hemipteran bugs which was synthesized and bioassayed by 

15 16 17 Filho et al. and Pinchin et al. ' . This juvenoid com- 
pound was a derivative of N-geranylaniline and its chemi- 
cal structure is N-(2,5-dichlorophenyl)-3,7-dimethyl-2,6- 
octadienylamine. It was injected at a dose of 20 gg/insect in 
10 gl olive oil as solvent. Control insects received only the 
same quantity of  olive oil. Insects were sacrificed after 24 
and 48 h after each treatment. The enzyme was estimated 
following the methods described by Reitmann and 
Franke118 and the protein content was determined by the 
method of Lowry et a l )  9 using bovine serum albumin as 
standard. In each treatment 60 females and 40 males were 
used and all surgically treated animals were kept at 
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25~176 and  80% relative humidi ty .  The  data  were 
processed statistically using Student ' s  t-test and  an  analysis 
of  variance.  
The  results ob ta ined  here  show that  in n o r m a l  insects, i.e. 
in the control  insects, G P T  activity was always h igher  than  
G O T  activity in all tissues and  in both  sexes (tables 1 and  
2). The  quant i ty  of  these 2 cellular enzymes in the di f ferent  
tissues f rom bo th  sexes of  the no rma l  insect also shows 
different ial  results, e.g. h e m o l y m p h  f rom male  insects 
shows a 2-3 t imes h igher  activity of  bo th  G O T  and  G P T  
than  h e m o l y m p h  f rom female  insects, whereas  fat bodies  
and gonads  f rom female  insects show a greater  activity of  
bo th  G O T  and  G P T  than  in male  insects ( tables 1 and  2). 
Similarly, the d i f ferent  tissues f rom a single sex also show 
different ial  results in the G O T  and  G P T  activity. Allatecto-  
my leads to a general  decl ine of  bo th  the G O T  and  G P T  
activity (p < 0.05), except in the testis where  a l la tec tomy 
did not  produce  any  significant  cahnge.  There  was some-  
t imes a geater decrease w h e n  the enzyme assay was per-  
formed a longer  t ime after  a l la tectomy than  w h e n  it was 
carried out  after  a short  time. This  was most  s ignif icant  in 
the case of  the ovary (p < 0.01). One  interest ing result  
ob ta ined  after  allatectomy is that  bo th  G O T  and  G P T  were 
affected s imul taneous ly  in the same m a n n e r  ( tables 1 and  
2). A t rea tment  of  the a l la tectomized insect with  j u v e n o i d  
reverses the effect of  al latectomy. Both the G O T  and  G P T  
activity were induced  significantly except in the testis where  
the changes  were not  so apparent .  After  bo th  a l la tec tomy 

and  bra in-cauter iza t ion  bo th  enzymes decrease to an  ab- 
normal ly  low level ( lower t han  f rom any  o ther  opera t ion)  
which  was signif icantly d i f ferent  f rom that  p roduced  by  
any o ther  t r ea tmen t  pe r fo rmed  here  ( p < 0 . 0 1 )  and  
(p < 0.05). It was also in teres t ing to note  tha t  after  these 
2 opera t ions  bo th  G O T  and  G P T  somet imes  showed no 
activity. 
The  role of  L-aspar ta te :2-oxoglu tara te  aminot ransfe rase  
(GOT)  and  L-a l an ine :2 -oxog lu ta ra t e  aminot ransfe rase  
(GPT)  in insects, par t icular ly  in p lant  sap feeders, du r ing  
the pos t -embryonic  deve lopmen ta l  and  adul t  per iod  has  
been  thoroughly  s tudied by  several  workers  7'8'1~. The  dif- 
ferential  activity of  these 2 cel lular  enzymes ob ta ined  here  
in the 2 sexes and  also in the di f ferent  tissues indicates  tha t  
the impor tance  o f  these 2 enzymes  is sex and  tissue specific. 
After  a l la tectomy bo th  enzymes show similar  and  coordi-  
na ted  pat terns  of  change  in all the tissues of  bo th  sexes 
(except in testis) which indicates  tha t  the role o f  the corpora  
al lata  were more  or less s imilar  in bo th  sexes. But  i f  we 
consider  the a m o u n t  o f  the enzyme changes  in each tissue 
of  bo th  sexes then  the results clearly indicate  that  the 
potent ia l i ty  of  responsiveness  to the corpus a l la tum secre- 
t ion of  the di f ferent  tissues f rom each sex was d i f ferent  2~ 
The  insignif icant  changes  of  G O T  and  G P T  in the testis 
after  a l la tectomy migh t  be due to the fact that  the b iochem-  
ical events occurr ing in the testis are not  control led  by the 
corpus a l la tum secret ion whereas  the rapid inhib i t ion  of  the 
activity of  these 2 enzymes  in the ovary af ter  a l la tec tomy 

Table 1. The fluctuation of L-aspartate: 2-oxoglutarate aminotransferase (GOT) activity in adult males and females of Lohita grandis after 
different treatments. Activity expressed in terms of micromoles of oxaloacetate formed/min/mg protein 

Source Sex Control*** Allatectomized Allatectomized + Allatectomized + 
JHa-treated brain-cauterized 

24 h 48 h 24 h 48 h 24 h 48 h 

Hemolymph c? 6.00 4.85* 4.00 5.98 7.25* 4.12 3.00** 
_+0.05 +0.05 _+0.16 -+0.03 _+0.20 _+0,07 _+0.12 

? 3.25 1.25" 0.92 4.21 5.00** 1.15 0.02** 
+0.20 +0.22 -+0.08 -+0.16 _+0.28 -+0.02 _+0.04 

Fat body d ~ 9.70 7.00* 6.35 9,00 10.25" 4.64"** 4.05 
+0.15 +_0.03 +0.22 + 1 .20  -+0.23 -+0.25 • 

? 16.34 9.25** 6.30 15.75 I8.26 '~* 8.28** 8.00 
+0.92 +_0.35 -+0.65 -+0,12 _+ 1.20 +_0.02 _4- 1.25 

Gonads Testis 4.80 4.00 4.25 4.71 5.24 2.76 2.00** 
_+0,15 _+0.02 -+0.88 +0.06 -+0.77 _+0.24 _+: 1.26 

Ovary 11.25 5.00* 4.25** 11.24 11.95"* 4.88 4.00** 
_+0.25 _+0.07 _+0.26 _+0.07 -+0.02 _+0.36 • 

*Significant in comparison with control only, p < 0.05; n = 12; **significant in comparison with each treatment and with control, p < 0.05; 
n = 12; ***as there were no significant differences found between the controls of each treatment, only the mean values are given here. 

Table 2. The changes of L-alanine:2-oxoglutarate amino-transferase (GPT) activity in adult males and females of Lohita grandis after 
different treatments. Activity expressed in terms of micromoles of pyruvate formed/min/mg protein 

"Source Sex Control*** Allatectomized Allatectomized + Allatectomized + 
JHa-treated brain-cauterized 

24 h 48 h 24 h 48 h 24 h 48 h 

Hemolymph 3 l 1.30 9.00 8.56* 11,56 13.00"* 6.34 5.00** 
_+0.75 _+0.12 _+0.06 -+0.02 _+0.13 +0.03 _+0.42 

~? 5.92 3.21 3.00* 7.30* 7.90 2.00 1.85** 
+_0.84 _+0.76 -+0.50 _+0.55 +0.13 -+0.61 _+0.09 

3 14.96 12.00" 9.25** 14.21 18.09" 7.22** 6.16"* 
_+ 0.33 _+ 0.32 _+ 0.25 _+ 1.24 -+ 0.98 _+ 1.25 _+ 0.90 

? 28.05 16.30" 15.88"* 28.92 35.00** 14.00" 11.88"* 
_+ 1.20 -+ 0.05 _+ 1.29 _+ 1.50 -+ 2.23 _+ 2.29 _+ 1.05 

Gonads Testis 6.12 6.00 5.56 6.11 6.59 4.76 4.08** 
_+0.50 _+0.72 _+0.16 _+0.05 _+ 1.28 +_0.10 -+0.35 

Ovary 20.05 18.17 15.00" 20.92 20.00** 7.39** 7.98 
+0.92 _+0.06 -+0.93 +_ 1 .06  _+0.88 -+0.16 -+ 1.95 

Fat-body 

*Significant in comparison with control only, p < 0.05; n = 12; **significant in comparison with each treatment and with control, p < 0.05; 
n =  12; **~as there were no significant differences found between the controls of each treatment, only the mean values are given here. 
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clearly reveals the corpora allata and ovary interaction. But 
the question why the level of the 2 enzymes showed a 
maximum decrease after both corpora allata and brain 
operation remains unanswered. 
The role of juvenile hormone on the GOT a n d  GPT 
activity has been proved by injecting the juvenile hormone 
analogue into allatectomized insects, which reverses the 
effect of allatectomy. But the results after the application of 
juvenoid to allatectomized insects for the different tissues 
in both sexes are different, and this signifies that the 
sensitivity of the different tissues and sexes to the juvenile 
hormone analogue used here were different. The results 
obtained here show that the tissues most sensitive to 
juvenile hormone analogue action and those with the 
greatest potential for response, are the fat body and the 
ovary, and to some extent the hemolymph, too. It was also 
shown that the females were more sensitive to the juvenoid 
than the males. The main cause for this type of differential 
response to juvenoid and other hormone action will be 
clear when the molecular mode of hormone action on 
insects is discovered. 
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Summary. Implantation of brain-ring gland complexes from short-night larvae into long-night larvae reversed the diapause 
'programme' of the recipients after metamorphosis to the pupal stage. The converse experiment did not induce diapause. 
These results demonstrate that the larval endocrine centers are photoperiodically programmed for diapause or non- 
diapause development long in advance of the diapause stage. 

One of the more important unresolved problems in insect 
developmental biology is how environmental factors (spe- 
cifically photoperiod) induce seasonally appropriate com- 
mitments to diapause or non-diapause development. In the 
flesh fly, Sarcophaga argyrostoma, for example, larvae 
raised in short daylengths (long nights) enter an overwinter- 
ing pupal diapause, whereas those raised in long days (short 
nights) adopt an alternative summer pathway with uninter- 
rupted pupal development and successive generations of 
flies 2-4. 
The minimal requirements for such a response are a 
photoreceptor, a 'clock' to measure daylength (or night- 
length) and to integrate such information, and an effector 
system to control the onset of the diapause state. Investiga- 
tions into the nature of the photoperiodic clock are still 
restricted to largely formal analyses: these show that night- 
length is the component of the environment that is mea- 
sured, and that the clock is part of the insect's circadian 
system 5 8. Next to nothing is known about the concrete 
physiology of time measurement, and this situation is 

unlikely to change until more is known about the physiolo- 
gy of circadian pacemakers. On the other hand, there is 
some concrete knowledge of the hormonal basis of the 
diapause state. Several investigators have shown that pupal 
diapause in Sarcophaga spp. may be terminated by an 
administration of exogenous ecdysteroids 9-11, and it is 
thought that pupal diapause in these flies is a result of the 
inactivation of the cerebral neurosecretory cells, a conse- 
quent hiatus in the secretion of the prothoracotropic hor- 
mone (PTTH), and a halt to ecdysone production by the 
ring ~land 12. Diapause occurs at a precise morphogenetic 
stage y in a 'trough' between 2 periods of ecdysteroid 
release, the former correlated with puparium formation 
and pupation, the second initiating adult differentiation 13. 
In diapause pupae, therefore, the second, adult-initiating 
pulse of ecdysterone does not occur and development 
ceases 14. 
The most obvious gap in our understanding is how the 
clock, having discriminated between a short and a long 
night, then controls the secretion or retention of PTTH. 


