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The 7-days shift of Mfunereus larvae, from nature to a constant temperature of23°C led to 
changes in midgut and brain protein quality and quantity. The changes in midgut protein 
profiles are characterized by an intensified protein band Mr of29 kD, the absence of protein 
Mr of 22 kp and less intense bands Mr of 8.5-2.5 kD. Electrophoretic patterns of brain 
proteins showed less intense Mr of 66-2.5 kD protein bands. 
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Morimus funereus inhabits deciduous and conif
erous trees in the forests of southeastern Europe. 
Temperature is a limiting factor for their spreading 
to the north (STANIC et al. 1989). The larvae are 
phloem feeders. Due to a long time oflarval devel
opment they are a suitable model system for study
ing biochemical and physiological changes during 
acclimation and acclimatization (Iv ANOVIC et al. 
1987). The authors' goal was to determine whether 
change in temperature regime cPused modification 
in midgut and brain protein profiles indicating in
duction and/or repression of digestive enzymes 
and/or neurohormones. 

Material and Methods 

Larvae were collected from oak trees (Fruska 
Gora Mt) during November and divided into two 
groups i.e.: NC-natural conditions and WM23-
larvae reared on wood mass under a constant tem
perature of 23°C for 7 days. Their midguts and 
brains were homogenized in RIPA buffer (50mM 
Tris pH 7.4, 150mM NaCl, 1 % Nonidet P-40, 
0.5% Triton - Xl 00, 0.1 % SDS; 1:5 wet wt/vol.) 
and centrifuged at 20 000 g for 5 min. Crude ex
tracts were subjected to 13.5% and 16% 
SDS-PAGE (LAEMMLI 1970). The gels were 
stained with 0.1 % AgN03. The authors used 
Sigma Mr standards 66-14.2 and 16.95-2.51 kD. 

Results and Discussion 

The stimulatory effect of constant temperature 
of 23 °C on body mass, fat body amount, midgut 
and brain total protein concentration (AL ARID 
2001 ), and fat body glycogen content in M fu
nereus larvae (DoRDEVIC 1995) has previously 
been shown indicating increased protein synthesis 
and accumulation of energy resources. In the pres
ent experiment, the detected changes in electro
phoretic patterns of midgut proteins (Fig. lA) 
were mostly located in the region of insect diges
tive enzymes. Molecular masses of some insect 
proteases are within this range (20-30 kD) (APPLE
BAUM 1985; CAMPOS et al. 1989; WIEMAN & 
NIELSEN 1988). In addition to trypsin-like en
zymes (DURDEVIC et al. 1997), chymotrypsin and 
chymotrypsin-like enzymes were found in the 
midgut of Mfunereus larvae (VUJICIC et al. 1998) 
and recent data indicates the possible presence of 
cysteine proteases, as well (AL ARID 2001 ). 

Midgut protein patterns within the range of Mr 
8.5-2.5 kD of the two groups are similar (Fig. lB). 
InMfunereus larvae, collected from oak logs dur
ing the hibernation period (November), compen
satory reactions at the level of protease activity 
have been detected in response to increased tem
perature (23 °C) (Iv ANOV!C et al. 1987). The present 
authors' results show a switch of protein bands with 
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Fig.1. Elcctrophoretic patterns of midgut homogenates of 
Mori mus funereus larvae obtained by 13 .5% (A) and 16% 
(B) SOS-PAGE; NC - natural control; WM23 - larvae 
exposed to constant temperature of23°C. 

close molecular masses in some regions (Fig. lB); 
i.e. there is a possibility of isoenzyme induction. 

Changes in M fimereus brain protein patterns 
(Figs 2A & B) are mainly detected in the Mr region 
of 20-60 kD and 3-9 kD. In Manduca sexta and 

. Bombyx mori the large prothoracicotropic hor
mone (PTTH) fonning (28 and 30 kD, respec
tively) is synthesized in lateral neurosecretory 
cells (LNSC), while small PTTH form (7 and 5 kD, 
respectively) in medial neurosecretory cells 
(MNSC) (ISHIZAKI et al. 1992; MUEHLEISEN et al. 
1993). KIM et al. (1997) have isolated and charac
terized a 45 kD pure form and 60 kD native form of 
this hormone in Drosophila melanogaster larvae. 
In Mfunereus larvae Al MNSC seem to be the site 
of PTTH synthesis on the basis of indirect proof 
that the 7-day exposure to constant temperature of 
23 °C leads to their activation (IVANOVIC et al. 
1985) and concomitant increase in titer of ecdys
teroids in the haemolyph (IVANOVIC et al. 1980). 
A significant correlation between the activity of 
MNSC and activity of digestive enzymes was ob
served in earlier studies on Mfunereus larvae after 
temperature shift (LEKOVIC et al. 2001 ). This could 
be achieved through the synthesis of different neu
rohormones in response to stressful temperature. 

M funereus is a polyphagous insect and is ex
posed to significant seasonal changes in temperature 
during development. Plasticity of midgut enzymes 
and brain neurohormones could be considered as 
an adaptive mechanism that enables adequate 
matching of environmental changes, as well as the 
efficient utilization of nutritionally poor food. 
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Fig. 2. Electrophoretic patterns of brain homogenates of 
Morimusfimereus larvae obtained by 13.5% (A) and 16% 
(B) SOS-PAGE; NC - natural control; WM23 - larvae 
exposed to constant temperature of23°C. 
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