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INFLUENCE OF DIET COMPOSITION AND NEUROHORMONES ON
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The effects of diet differing in nutritional value, starvation and neurohormones contained in the extract of
cerebral complex and corpora cardiaca (ECC) on the activity of digestive enzymes (mesenteric proteases and
amylases) of cerambycid beetle Morimus funereus larvae have been studied. The results clearly demonstrated
changes in the activity of mesenteric proteases dependent on nutritional value of the diet, as well as ECC
effects on the one hand. On the other hand. feeding and application of ECC after starvation led to a decrease
of amylolytic acitivity.
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INTRODUCTION

In addition to temperature, humidity and oxygen supply, the diet as an environ-
mental factor significantly affects processes of development and metamorphosis in
phytophagous insect species. The diet itself, in a complex interaction with other
dominant environmental factors influences dynamics of both the number and quality
of a population (ROSSITER, 1992; LAZAREVIC, 1994; LAZAREVIC etal., 1994). It
has been reported that nutrition can induce a change in diet preference in some
butterfly species what is of a certain evolutionary significance (de BOER, 1992).

Postembryonic development of the cerambycid beetle Morimus funereus under
natural conditions lasts for 3-4 years. Rearing of the larvae on a Drosophila sp.
substrate (AD) containing increased protein concentrations and at 23 C, prominently
reduces duration of postembryonic development (6.5 months). This reduction can be
ascribed to the activation of all protocerebral neurosecretory neuron species and an
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intensified metabolism of proteins and lipids accompanied by a conspicuous increase
of proteolytic activity (six-fold) as shown previously (NENADOVIC et al., 1989;
IVANOVIC et al., 1989; 1991).

However, the influence of diet composition on activity of digestive enzymes and
its significance in the changes occuring during the life cycle of the species examined,
remained still an open question. This prompted us to perform the present study and
besides the diet composition, the effects of neurohormones contained in the cerebral
complex extract (ECC) were investigated, as well.

MATERIAL AND METHODS

Experimental groups and rearing conditions

The experiments were performed using Morimus funereus larvae collected from
oak trees at FruSka Gora Mt. during the period of intensive growth (spingsummer).
To record the changes in the activity of digestive enzymes (proteases and amylases)
during 48 h, two groups of larvae fed on natural substrate (minced subcortical oak
layer) were formed. The first group of the larvae was kept under conditions simula-
ting natural ones, while those of the second group were reared under controlled
temperature conditions (16 h at 23 °C and 8 h at 8 °C). Samples consisting of 7-9
larvae were taken for analyses every 6 h.

In another series of experiments concentrated on the examinations of the
influence of diet composition on the activity of digestive enzymes the larvae collected
at the above locality were used. They were starving for 7 days and then sacrificed
(total starvation group - TS). The second group was transferred for 24 h on agar after
7 days of starvation (TS+AG) and the third one also exposed to starvation for 7 days
was offered an artificial diet (TS+AD). The larvae of the fourth group were injected
with the extract of cerebral complex and corpora cardiaca (ECC). The larvae of all
experimental groups were sacrificed 24 h upon the feeding, i.e. injection of ECC.

The group of larvae (D) serving for the preparation of ECC was fed AD substrate
for 30 days. Each experimental group consisted of 7-9 larvae.

Biochemical methods

The digestive enzyme activities were determined in the aqueous midgut homo-
genates by applying spectrophotometric methods. The amylolytic activity was de-
termined according to BERNFELD (1955) and proteolytic activity as described by
KUNITZ (1947). Optimal conditions for digestive enzyme activities in vitro were
described previously (IVANOVIC et al., 1975).
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Total protein content was measured by the method of LOWRY et al. (1951).
Specific amylolytic activity (SAA) was expressed as As50/A750 nm/h and specific
proteolytic activity (SPA) as A280/A750 nm/h.

Statistical analysis

All data are presented as the meansS.E. Statistical significance of the differen-
ces between experimental groups was evaluated by ANOVA and Scheefe’s multiple
range test (SOKAL & ROHLF, 1981).

RESULTS

Changes of the examined enzyme activities of the cerambycid
beetle M. funereus larvae during digestion

Changes of proteolytic activity of the larvae maintained for 48 h under simula-
ted natural conditions and of those kept at controlled varying temperature (23 °C and
8 °C) during 48 h are depicted in Figs. 1, graphs A and B, respectively.

It can be seen that both in the larvae from simulated natural conditions (Fig. I,
Graph A) and in those reared at controlled varying temperature conditions (Fig. 1,
Graph B) proteolytic activity increases and decreases regularly during digestion
phases. An increase of SPA begins in the evening to reach a maximum value during
the night at about 2 a.m. Minimum proteolytic activity was recorded during the day
at about 2 h p.m. Similar changes in midgut proteolytic activity were observed in the
M. funereus larvae kept at controlled varying temperatures.

Changes of amylase activity of allexperimental groups of the M. funereus larvae
examined throughout the present study are shown in Fig. 2. Irregulat fluctuations of
mesenteric amylase activities in the larvae kept under simulated natural conditions
can be seen (Fig. 2, graph A), while in the group maintained under controlled varying
temperature conditions, these fluctuations were somewhat more regular (Fig. 2.
Graph B).

Changes in digestive enzyme activities during starvation, accessible
food of different nutritional value and upon the action of neurohormones
contained in ECC

Changes of proteolytic enzyme activities of the larvae exposed to starvation (7
days), short-term action of the diet of different nutritional value (24 h, agar or AD)
and neurohormones contained in ECC from laruge (group D) are graphically presen-
ted in Fig. 3. In larvae fed AD, the level of proteolytic activity was the highest. In
the group starved for 7 days, a mild increase of proteolytic activity was observed,
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Fig. 1 (A) Changes of specific proteolytic activity (SPA) in Morimus funereus larvae maintained for 48
h under simulated natural conditions and (B) those kept at controlled varying temperature (23°C and
3°C).
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Fig. 2 (A, B) Changes of specific amylolitic activity (SAA) in Morimus funereus larvae maintained

under the same experimental conditions as described in Fig. 1.
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Fig. 3. Changes of SPA in Morimus funereus larvae exposed to starvation (TS), short-term (24 h) action
of the diet of different nutritional value (agar-AG and artificial diet-AD) and neurohormones from ECC
of donors (D) kept at AD for 30 days. Bars indicated by different letters (a, b) differ significantly (the
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Fig 4. Changes of SAA in Morimus funereus larvae depending on starvation, dict composition and
neurohormones. All abbreviations are the same as in Fig. 3. Statisticaly significant difference among
experimental groups was not revealed by ANOVA and multiple range test.
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although at the moment it is impossible to offer a logical explanation for this
phenomenon. The data presented in Fig. 3 clearly demonstrate that the intensity of
proteolytic activity changes strongly depends on the nutritional value of the diet. In
the larvae offered agar known for its negligible nutritional value, a trend for a decline
of proteolytic activity was recorded. In the group offered AD a significant increase
of SPA was observed already after 24 h in comparison with both the NC and TS
groups. The level of proteolytic activity was significantly increased in the group of
larvae exposed to starvation for 7 days and injected with ECC.

Changes of amylolytic activity of the same groups of the larvae are shown in
Fig. 4. As seen, no significant differences in the level of amylolytic activity were
observed when the larvae from natural conditions (NC), those kept at AD and those
exposed to starvation for 7 days (TS) were compared. Short-term action of the diet
differing in nutritional value and application of ECC led to an insignificant decrease
of amylolytic activity.

DISCUSSION

The influence of the diet and its nutritional value on individual performance of
insect generalists that develop in the bark and wood mass of different deciduous and
coniferous tree species differing not only with regard to content of tannins and other
secondary metabolites, but also in the amounts of available proteins, amino acids and
carbohydrates (BERNAYS & CHAPMAN, 1994) is insufficiently studied so far. In
generally, in phytophagous and especially in xylophagous insect species the effect
of the diet on digestive enzyme activities has been insufficiently examined due to the
lack of knowledge on these enzymes and a high diversity of mesenteric pepndases
(proteinases and exopeptidases) and other hydrolases (BIAN et al., 1996; PURDEVIC
et al., 1997), as well as because of the complexity of control mechamsm of both
secretion and synthesis of digestive enzymes in insects (BLAKEMORE et al., 1995).

For the cerambycid beetle M. funereus, the upper layer of the wood sap
represents not only an external medium but also a nutrient substrate. Physiology of
digestion of this insect species has not been sufficiently studied so far and as a
consequence, it is not possible to claim that this species, i.e. its larvae belong to the
group of insects that feed discontinuously. Food uptake and digestion of the 6th instar
larvae reared on AD and constant temperature of 23 °C last some 24 h (unpublished
results). However, among the larvae from natural conditions and those maintained
under controlled conditions some of individuals with empty guts have been found,
although this can’t be connected to moulting. This suggests that hormones act as the
regulators of both secretion and synthesis of digestive enzymes. Our results showing
more expressed changes in proteolytic enzyme activities during digestion support
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such a hypothesis (Figs. 1 and 2). Increased proteolytic activity of starved larvae
injected with ECC (Fig. 3) or in ligated ones (IVANOVIC et al., 1978; IVANOVIC,
1991) may be taken as indirect proofs for hormonal regulation of activity of these
enzymes. The data on this species reported so far suggest that digestive enzyme
activities, especially of trypsin-lice enzymes are regulated by hormonal mechanisms.
However, the possibility for the control of some exopeptidases and other hydrolases
by secretagogues can not be excluded (ENGELMANN, 1969). It is also possible that
the release and synthesis of digestive enzymes are subjected to a dual control
(hormonal and through secretagogues) depending on physiological factors.

It is evident that the absence of food did not lead to a usual decrease of digestive
enzyme activities in M. funereus larvae, although such an effect was observed in
some other insect species (JANDA & MAIXNEROVA, 1972). Applying some immu-
nological methods (incorporation of labelled cysteine into the neurosecretory pro-
tein) FRIEDEL & LOUGHTON (1980) observed a two fold decreased transport of
neurosecretory material during starvation in comparison with the corresponding
control. Short-term exposure to substrate of negligible nutritional value (agar) of M.
funereus larvae that were previously subjected to starvation did not influence the
level of proteolytic activity (Fig. 3) in comparison with the starved larvae. However,
a substrate of a higher nutritional value (AD), as well as the injection of ECC resulted
in a significant increase of proteolytic activity in the larvae examined throughout the
present study.

Both the substrates used in the present work and ECC injection led to a decrease
of amylolytic activity in relation to that found in the starved larvae. It should be
pointed however, that there is the possibility that the results obtained upon the
application of ECC to the larvae from natural populations could be the consequence
of a high tissue concentration in the extract (2 CC/larva; to be published).

Previous studies performed on this model system demonstrated the influence
of temperature not only on neuroendocrine system but also on all physiological
processes which are under control of neurohormones, including digestive enzyme
activities IVANOVIC et al., 1975; 1988; 1989; 1991; DORDEVIC et al., 1995), i.c.
development and metamorphosis (STANIC et al., 1989; NENADOVIC et al., 1989;
NENADOVIC, 1992).

Our results clearly demonstrate the influence of the diet on the life cycle of the
cerambycid examined, the effects on the digestive enzyme activities being significant
and by all probability controlled by neuroendocrine system.
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Further studies along this line will be directed toward investigations on the role
of individual diet components (especially of protein quality) on digestive enzyme
activities, i.e. individual performance of cerambycid beetle.
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YTULIAJ] XPAHE 1 HEYPOXOPMOHA HA AKTHUBHOCT
JTUTECTUBHUX EH3MMA KOJ1 JTAPBU MORIMUS FUNEREUS

J. UBAHOBWR, J. TIABAPEBHU R, C. hOPBREBUR-CTATHU,
C. IEKOBWH u B. HEHAJIOBH'h

N3Boa

N3yyaBaiba yTHI[@ja XpaHe Kao je[JHOr Ofl TOMHHAHTHUX (hakTOpa Cro-
Jballlibe CpejiiHe Ha MeTaboIM3aM OJHOCHO Ha aKTUBHOCT JUI€CTUBHUX CH3H-
Ma KoJI Kemito(harHux HHceKaTa KOjH ce pa3BHjajy y peJlaTUBHO CHPOMAIIHOM
CYIICTpATy Cy peIaTHBHO ManoOpojHa M MMajy criopajuyal KapakTep.

Y panujuMm pagoBuMa HabeHO je fla XpaHa Behe HyTPUIMOHE BPEJIHOCTH
3HauajHo cKpahyje AyKUHY Tpajarba TapBeHor pa3suha 6ykose cTpuxudyoe
M. funereus mwrto 6 MOIJIO OHTH NpPOY3POKOBAHO NoOBehameM aKTHBHOCTH
JIMCeCTUBHUX €H3MMa, HAPOUMTO Me3eHTEPUYHHUX NpoTeasa (3HayajHO MO-
sehamwe CITA Koj T3B. IOHOpa W NpH J1aBaiby IyagHuM jJapsama AJl) uiau
nosehamem edpukacHocTu kopuurhema xpane. [lopen xpane, iene HyTPUIMO-
He BPEJJHOCTU Ha AaKTHBHOCT [IUI€CTUBHUX E€H3MMa YTUYY U HEYPOXOPMOHH O
gyemy cenoyde npomene CITA TOKOM Bapemwa M Koj HmbHIEpanux ca ELLLL
IIIAHAX JIAPBH, IIITO OTBphYje paHuje JOOHjeH Pe3yITaT Ha INTaTYPUCAHUM
napBama oBe cTpuKuoyOe.
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