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Synthesis of Digestive Enzyme in the 
Fleshfly Sarcophaga bullata stimulated 
by Food 
INGESTION of proteinaceous but not of lloll-proteinaccom; 
foods is followed by an increased level of proteolytic 
enzymes in the midgut of Aedes aegyptil,2 and Leuco
phaea maderae3 ,4 as well as in other insect species, Two 
hypotheses havc been advanced to explain the mechanism 
by which certain foods cause enzyme synthesis and/or 
release into the gut lumen: (a) certain foods might act as 
secrotagogues, that is, chemicals which elicit enzyme 
synthesis in the gut cells with which they come in contact, 
or (b) food intake might trigger the release of hormones 
which in turn stimulate enzyme synthesis, vVe tested 
these two proposed mechanisms with thefleshfly Sarcophaga. 

In all experimental group of females, the neurosecretory 
cells of the pars intercerebralis were removed with fine 
tungsten needles 4-6 h aftcr emergence, These operated 
females as well as shaIn and non-operated control animals 
were fed a suerose solution for the following 2 days and 
t hen starved for a further 2 days, All the animals were 
then individually offered a chicken liver homogenate of 
known protein concentration in calibrated eapillary 
tubes, The amounts of food ingested could thu8 1)8 
accurately determined, Within a period of 2 h the 
thirty-six eon troIs, which had not been subjected to 
opeJ'Htion, ingested 32,4 ± 2·0 fLl. (about 810 [Lg of 
protein), whereas the twenty-four females, which we 
operated on, took 15,8 ± 2, 6 [J.l. (about 370 fLg of protein). 
Some operated and sham operated animals did not eat at 
all within the 2 h period. It thus became clear that the 
animals with brain surgery ate only about half of the 
amount of liver homogenate compared with normal 
animals kept, in otherwise identical conditions, 

0·80 

0',0 

~. 
0-60 

" -e 

" .S 0·50 
"-2-
1::' 

~ 
0·40 

" en 

~ 0·30 

~ 

0-20 

0-10 

o " 

o 
o 
o 

(onTro! Cb=I.073J 
~ 

" ,,0 
" 0 

; 

" 

° " 
,o,,"\SC-C6=IUlSJ 

" ° / 

" : ; 

° / 0 
0/ ~ 

/ / ~ 
• 9' • 
;, " I /0/ § 

~ // .., 
~ 0 

i' 
250 500 750 1,000 1,250 1,500 

A mount of protein consumed (f1.g) 

Fig. 1. Correlation of amount of protein ingested during one meal and 
protease activity in the midgut in normal and sham operated female 
controls (.) and in females whose neurosecretory cells of the pars inter-

('erebralis had been removed (0) shortly after emergence. 

Five to 8 h after the meal the animals were opened and 
the midgut, without the Malpighian tubules, was homo
genized in 0·5 m!. of saline, Mter centrifugation of the 
homogenate at low speed, a casein-urea substrate was 
incubated with 0·1 ml. of the supernatant solution at, 
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37° C and pH 7,5. A blank for each assay consisted of 
boiled enzyme solution, substrate and buffer, At the 
end of the 3 h incubation period, the non-digested sub
strate was precipitated with 10 per cent trichloracetic 
acid (TCA). In this assay the amount of non-precipitable 
aromati.c amino-Hcids, assayed by the LO'HY method'. 
varlOS lmearly WIth the arnount of substrate digested3 ,.,". 

The enzyme level in the midgut of Sarcoplwga. is 
propol't IOnal to the amount of liver juice ingested (Fig, 1) 
Jll .both control and operated animals. No significant 
dIfferenee eXls! F; between the two groups of anim'lls. In 
both non-operated controls and operated animals digestive 
enzynws are produced in response to and in proportion to 
the amount of proteinaceous food ingmlted, 'I'Ve therdol''' 
postulato that in Sarcophaga digestive enzyme synthesis 
lS stImulated by secretagogucs contained in the food. 
Feeding on a sucrose Rolutioll did not eallse an nlevakd 
cnzyme level in the midgut. 

Rernoval of the nellI'o~oeretory cells of tho par8 int('!'
cerebralis from the blowfly Calliphora erythrocephala 'l'aH 

reporte~ to be followed by reduced midgut. ollzyme 
synthesls' ,8, Food mtake, however, was lIot rneasured in 
this latter species, and, just as in 8arcophaga a.nd LellGo
phaea3 ,\ operated animals may have ingested less thnn 
the controls, Reduced enzyme Iovols may thus rdleet 
reduced food intake in this species as well. • 

In scvcral series of both control and operated animals, it 
has been found that even after largo amounts of food hud 
been ingested enzyme Hctivity was very low. Furt}wI' 
tests revealed that beof liver from certain sources but 
not from others contained a powerful enzvme inhibitor 
but chicken livcr never contained an inhibitor_ Tlw 
nature of the inhibitor in some beef livers is not known, 
Malpighian tubules contained a weak enzyme inhibitor; 
they were therefore carefully removed from Ow midgut 
before homogcnization and assav, 

In Sarcophaga we have no c~idence for neurosecreton
involvement in digestive cnzyme synthcsis. Furthermor;, 
there is no unequivocal information for any insect species 
that hormones directly control digestive enzyme synthesis; 
there may be, however, indirect involvement of hormones 
in certain cases', 
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