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Abstract - The expression and distribution of digestive cellulases along the midgut of Cerambyx cerdo larvae were analyzed
for the first time and are presented in this article. Four groups of larvae were examined: larvae developed in the wild; larvae
taken from the wild and successively reared on an artificial diet based on polenta; and larvae hatched in the laboratory
and reared on two different artificial diets. Seven endocellulase and seven β-D-glucosidase isoforms were detected in all
midgut extracts of C. cerdo with a zymogram after native PAGE. We observed that C. cerdo larvae are capable of producing
cellulase isoforms with different PAGE mobilities depending on the nutrient substrate. From our findings it can be assumed that, depending on the distribution of endocellulase and β-D-glucosidase, cellulose molecules are first fragmented
in the anterior and middle midgut by endo-β-1,4-glucanase; subsequently, the obtained fragments are broken down by
β-D-glucosidase mostly in middle midgut.
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INTRODUCTION

A combination of three categories of enzymes
completes the digestion of native cellulose to glucose: endocellulase, exocellulase and cellobiase or
β-D-glucosidase. There are no published data on cellulases from longhorn beetle C. cerdo, and only limited information is available on its other digestive enzymes (Janković et al., 1967; Ivanović and Milanović,
1967; Nenadović et al., 1982; 1994; 1999; Božić et al.,
2001; 2004; Dojnov et al., 2010).

Enzymatic activity against cellulose substrates was
detected in the digestive tract of insects belonging to
different insect orders (Martin, 1983; Watanabe and
Tokuda, 2010, Oppert et al., 2010). Cellulose digestion occurs in insects that have, as a rule, nutritionally poor diets (Terra and Ferreira, 1994). Cerambycid larvae survival depends on their ability to digest
cellulose. Cellulase enzyme production is a key process in the enzymatic hydrolysis of lignocellulosic
materials (Sun and Cheng, 2002). The first studies
on Cerambycidae cellulases in Serbia began in 1966
(Ivanović and Barbič, 1966).

C. cerdo is polyphagous and can be found on deciduous, mature, weakened trees and occasionally on
young and healthy trees, especially those growing in
open and sunny locations. The larval development
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of C. cerdo lasts 3-4 years and takes place in the inner bark, sapwood and heartwood along the stem. C.
cerdo is listed as vulnerable on the IUCN Red list of
threatened species (1996), in an Annex II Species of
the EU Habitats and Species Directive (2009), and by
the Decree on Protection of Natural Rarities of Serbia
(1993). It is distributed in Europe, the Caucasus, Asia
Minor and northern Africa (Kimoto and Duthie-Holt,
2006). In Central Europe, only trees of the genus Quercus (oaks) are hosts to C. cerdo, while outside Europe
C. cerdo can be found on Carpinus, Castanea, Ceratonia, Fagus, Fraxinus, Juglans, Pyrus, Robinia, Salix and
Ulmus (Bense, 1995, Kimoto and Duthie-Holt, 2006).
C. cerdo is an important saproxylic beetle because it
can alter its own habitat to create favorable conditions
for other threatened beetle species (Buse et al., 2008).
Hydrolysis of carbohydrates occurs in the anterior midgut of many insects (Cristofoletti et al.,
2001; Zverlov et al., 2003; Vinokurov et al., 2007).
Localization of the site of secretion of endocellulase
and β-D-glucosidase can be useful to explain the digestion process of cellulose, one of the most important carbohydrates in the diet of C. cerdo larvae.
The present study was performed to extend our
knowledge of the digestive enzymes present in the
midgut of C. cerdo larvae, in order to improve the
understanding of the biochemical organization of
the digestive process and to determine the role of
cellulases in the adaptability of the species C. cerdo.
It has already been demonstrated that the expression of amylolytic (on the isoenzyme level) and proteolytic enzymes depends on environmental conditions and nutrient substrate (Nenadović et al., 1994,
Dojnov et al., 2010). The goal of this investigation
was to examine the expression of endocellulase and
β-D-glucosidase on the isoform level in larvae fed
on two different artificial diets, and to detect these
enzymes along the midgut of C. cerdo larval.
MATERIALS AND METHODS
Experimental animals
C. cerdo adults and larvae from the wild were collect-

ed from recently cut logs of oak trees (Quercus sp.)
from Fruška Gora Mountain. The number of adults
and larvae taken from the field was confined to the
number proposed in permits to work with protected
species obtained from the relevant institutions; the
Institute for Nature Conservation of Serbia and the
Ministry of Environment and Spatial Planning,
Adults were bred in the laboratory. Deposited
eggs were collected daily and placed on dietary media in Petri dishes. Eggs were examined on a daily
basis for hatching.
Four groups of C. cerdo larvae were examined
in this study. The first larvae group contained larvae
collected in the wild (LW – larvae, wild). The second group of larvae was collected in the wild and
then reared in the laboratory on an artificial diet
consisting of polenta (LWP – larvae, wild, polenta).
The third and fourth groups of larvae hatched in the
laboratory from eggs deposited by adults taken from
the wild. An artificial diet with polenta was used
for rearing during the first three instars. During the
fourth instar, larvae were divided into two groups.
The third group was reared on the same artificial
diet (EP – egg, polenta – larvae that have hatched in
the laboratory), while the fourth group of larvae was
reared on an artificial diet consisting of oak sawdust
(EOS – egg, oak sawdust).
Rearing conditions of larvae
Individual larvae were reared as described in our
previous work (Dojnov et al., 2011). The composition of the polenta-containing artificial diet was: 40 g
polenta, 4 g agar-agar, 10 g sucrose, 10 g dry Brewers’
yeast, 400 mL water, 0.2 g methyl ester-p-hidroxy
benzoic acid (Nipagin). The composition of the oak
sawdust-containing artificial diet was: 20 g polenta,
20 g milled oak sawdust, 4 g agar-agar, 10 g sucrose,
10 g, dry Brewers’ yeast, 400 mL water, 0.2 g methyl
ester-p-hidroxy benzoic acid (Nipagin). The media
were prepared by cooking all the ingredients in water, except Nipagin, which was added to the medium
after cooling to a temperature below 70°C. The warm
media was spread in round plastic boxes.

Cellulase isoforms of C. cerdo larvae

Preparation of crude midgut extracts
Larvae were dissected in accordance with the requirements of the Ethics Committee of the Faculty of
Biological Science, University of Belgrade, during the
eighth instar, when they were feeding actively. After
decapitation and removal of the adhering unwanted
tissues, the midguts were dissected on ice and cut

into three pieces: anterior midgut, middle midgut and rear midgut as shown in Fig. 4. Parts of
the midgut and the whole midgut were homogenized
and crude extracts were prepared as described by
Božić et al. (2003).
Cellulase activity assay
Endocellulolytic activity was determined using carboxymethyl cellulose (CMC) as a substrate and
dinitrosalicylic acid (DNS) reagent as stop reagent
(Bernfeld, 1955). Samples (50 μL) were incubated
in 450 μL 50 mM acetate buffer pH 5.0 containing
2.0% (w/v) CMC, at 35°C for 60 min. Reaction was
stopped by the addition of DNS reagent and boiling
for 5 min. Absorbance of the reaction mixture was
measured at 540 nm. Glucose was used as standard.
One unit (U/mL) of cellulolytic activity was defined
as the amount of enzyme required to produce 1 μmol
glucose in 1 min at 35°C.
β-D-glucosidase activity was determined using p-nitrophenyl-β-D-glucopyranoside (pNPG) (ε
= 18,5 cm2/μmol) as substrate and Na2CO3 as stop
reagent. Samples (25 μL) were incubated in 500 μL
50 mM acetate buffer pH 5.75 containing 0.55 mM
pNPG, at 37°C for 10 min. The reaction was stopped
by the addition of 1M sodium carbonate (75 μL), and
the absorbance of the reaction mixture was measured
at 405 nm. One unit (U/mL) of β-D-glucosidase activity was defined as the amount of enzyme required
to produce 1 μmol p-nitrophenol per 1 min under
the defined reaction conditions.
Determination of protein concentration
Protein concentrations were determined by Bradford
(1976) using bovine serum albumin as the protein
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standard. Specific enzyme activities were calculated
as U/mg of proteins.
Zymographic detection
Endocellulases were detected using in-gel activity
staining following the electrophoretic separation of
the intestinal extracts of C. cerdo larvae according
to Davis (1964). The electrophoretic gel was printed on an AA (7.5%) gel with copolymerized CMC
(0.1%) for 30 min. CMC gel was colored with 0.1%
Congo-red for 10 min. 1M NaCl was used to rinse
the gel. Endocellulases appeared as lighter bands on
a red background. Acetic acid was used to change the
color of the gel from red to blue in order to obtain
better resolution.
β-D-glucosidases were detected using in-gel activity staining with 0.1% esculin and 0.03% FeCl3 in
50 mM acetate buffer pH 5.7 as substrate, following
native PAGE according to Kwon (1994).
Reagents
All reagents were of the highest available purity
and were purchased from Merck (Darmstadt, Germany) and Sigma-Aldrich (St. Louis, MO, USA),
unless otherwise stated. Polenta – “Palenta” was
made from corn grits and purchased from Mitrosrem (Sremska Mitrovica, Serbia). Sawdust obtained
from oak wood was milled to flour using a laboratory mill (IKA).
Statistical analysis
Each data point for enzyme assays and for protein concentration represents the mean of three
independent assays ± SEM (standard errors were
less than 5% of the means). Larval weights during
laboratory rearing were statistically analyzed using one-way analysis of variance (ANOVA) with
Tukey post-hoc tests for analysis inside the larval
groups and t-tests with 95% confidence intervals
were used for comparing the groups. The GraphPad Prism 5 program was used for statistical analysis.
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RESULTS
Growth rate of larvae depending on the
composition of artificial diet

est in the crude midgut extract of C. cerdo larvae
reared on oak sawdust (EOS) (Fig. 2a), while specific
endocellulase activity (0.46 U/mg) was highest in the
crude midgut extract of wild larvae (LW).

Average larval weight curves are presented in Fig.
1. Larvae had similar body weights during four instars, while both groups were on diet medium with
polenta, Brewer’s yeast and sugar. Larvae from the
EOS group reared on the diet consisting of oak sawdust had higher body masses than larvae from the EP
group reared only on polenta, from the fifth instar.

Fig.1. Body weights of C. cerdo larvae reared on different substrates. Average curves of body weights from larvae hatched in
the laboratory reared on oak sawdust – EOS (circles) and larvae
hatched in the laboratory reared on polenta–EP (boxes), are presented as average value ± SEM.

Larval body weights were very different between
two groups after the 100th day, with significant differences within the larval group reared on oak sawdust (ANOVA results F19,428=2.933, P<0.0001***)
while there were no significant differences within
the larval group reared on polenta (ANOVA results
F4,127=1.098, P=0.3604 ns). There were significant differences observed between the EP and EOS groups
using the t-test (P<0.05) P=0.0004***.
Influence of substrate on expression of endocellulase
The activity of endocellulase (1.22 U/mL) was high-

Fig. 2. Endocellulase activity in midgut extracts of C. cerdo larvae
reared on different diets. a) Histogram of endocellulase activities;
b) Zymogram detection of endocellulase after native PAGE; LW
– wild larvae, LWP – wild larvae reared on diet with polenta, EP
– larvae that hatched in the laboratory and were reared on a diet
with polenta, EOS – larvae that hatched in the laboratory and
were reared on a diet with oak sawdust, endocellulase C. cerdo
isoforms (ECC) are indicated by arrows.

Cellulase isoforms of C. cerdo larvae
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Influence of substrate on the expression
of β-D-glucosidase
The activity of β-D-glucosidase (1.94 U/mL) and specific β-D-glucosidase activity (0.28 U/mg) were highest in the midgut extract of C. cerdo larvae reared on
oak sawdust (Fig. 3a).
Larvae reared in the laboratory had β-Dglucosidase isoforms with different mobility from
the larvae taken from the wild. Midgut extracts of
larvae reared on the diet with oak sawdust (EOS) had
the greatest variety of β-D-glucosidase isoforms, as
detected on the zymogram after native PAGE – intensive β-D-glucosidase C. cerdo (BCC) 1, 2 and 6,
7; and week isoforms BCC 3 and 5) (Fig. 3b). BCC 4
and 5 were very intensive in midgut of the wild larvae (LW).
Distribution of endocellulases and β-D-glucosidase
along C. cerdo larvae midgut
Endocellulase and β-D-glucosidase activities
were measured and isoforms were detected in three
parts of the C. cerdo larvae midgut using a zymogram
after native PAGE: anterior midgut, middle midgut
and rear midgut (as indicated in Fig. 4).
Fig. 3. β-D-glucosidase activity in midgut extracts of C. cerdo
larvae reared on different diets. a) Histogram of β-D-glucosidase
activities; b) Zymogram detection of β-D-glucosidase after native PAGE; LW – wild larvae, LWP – wild larvae reared on a diet
with polenta, EP – larvae that hatched in the laboratory and were
reared on a diet with polenta, EOS – larvae that hatched in the
laboratory and were reared on a diet with oak sawdust, β-Dglucosidase C. cerdo isoforms (BCC) are indicated by arrows.

Midgut extracts of larvae taken from the wild
and subsequently reared on a diet of polenta (LWP)
had the greatest variety of endocellulase isoforms, as
detected on the zymogram after native PAGE (four
isoforms) (Fig. 2b). Endoglucanase C. cerdo (ECC) 1
to 4 were present in the midgut of laboratory-reared
larvae. ECC 5, 6 and 7 were detected only in LW
midgut extract.

Cellulases were localized in the midguts of larvae
developed in the wild (LW) and in the midguts of
larvae developed in the laboratory on oak sawdust
(EOS).

Fig. 4. Midgut of C. cerdo larvae. Arrows indicate cutting position of midgut.

762

R. PAVLOVIĆ ET AL.

Fig. 5. Endocellulase activity in midgut extracts of C. cerdo
larvae reared on different diets. a) Histogram of endocellulase
activities; b) Zymogram detection of endocellulase after native
PAGE; LW – wild larvae, EOS – larvae that hatched in the laboratory and were reared on a diet with oak sawdust, 1 – anterior,
2 – middle and 3 – rear part of midgut, endocellulase C. cerdo
isoforms (ECC) are indicated by arrows.

Distribution of endocellulases along the midgut
of C. cerdo larvae
Results presented in Fig. 5 demonstrate that the larvae taken from the wild (LW) had the highest endocellulase activity in the middle part of the midgut,
while larvae developed in the laboratory on a diet
with oak sawdust (EOS) had the highest endocellulase activity in anterior midgut. Both examined lar-

Fig. 6. β-D-glucosidase activity in midgut extracts of C. cerdo
larvae reared on different diets. a) Histogram of β-D-glucosidase
activities; b) Zymogram detection of β-D-glucosidase after native PAGE; LW – wild larvae, EOS – larvae that hatched in the
laboratory and were reared on a diet with oak sawdust, 1 – anterior, 2 – middle and 3 – rear part of midgut, β-D-glucosidase C.
cerdo isoforms (BCC) are indicated by arrows.

vae groups had high endocellulase activities in the
anterior and middle midgut, while rear midguts were
poor in this digestive enzyme.
The greatest number of endocellulase isoforms
was detected in the middle midgut of wild larvae,
LWII in Fig. 5b.
Distribution of β-D-glucosidases along the
midgut of C. cerdo larvae
The highest β-D-glucosidase activity for both examined larvae groups was detected in the middle

Cellulase isoforms of C. cerdo larvae

midgut, as shown by enzymatic assays and zymography detection (Fig. 6). β-D-glucosidase activity was
significantly lower in the anterior midgut and it was
lowest in the rear midgut.
DISSCUSION
The polyphagy of C. cerdo comprises the plasticity
of the species that enables it to inhabit new hosts.
In this work, the presence of multiple endocellulase and β-D-glucosidase isoforms in C. cerdo midgut is shown. C. cerdo leucyl aminopeptidase and
α-amylase also occur in multiple forms (Božić et al.,
2004; Dojnov et al., 2010), which indicates high plasticity. Cellulases are detected in multiple isoforms in
other Cerambycidae as well (Chararas et al., 1983;
Geib S., 2010).
According to Marović (1973), it is possible to
rear C. cerdo larvae under laboratory conditions; it
should be noted that larval development is approximately one third shorter than in the wild. The medium containing polenta, Brewer’s yeast and sugar
was chosen as the control medium during the first
larval instars because it appeared to be well-balanced in nutrients for the Cerambycid larvae M. funereus (Dojnov et al. 2011), and, moreover, because
it induced peptidases and amylase in M. funereus
larvae (Lončar et al., 2009; Dojnov et al., 2010) and
also in C. cerdo larvae (Božić et al., 2004; Dojnov et
al., 2010). It induces new cellulase isoforms (with
different positions on native PAGE) in C. cerdo larvae compared with larvae developed in the wild, as
shown in this work.
The diet consisting of oak sawdust proved to
be a better choice for the rearing of C. cerdo larvae
than the diet with polenta because of faster growing
larvae and a higher induction of cellulase (endocellulase and β-D-glucosidase). The decrease in food
quality could be compensated by the increase of
food ingestion (Perić-Mataruga et al., 2011). Due to
the increased amount of low nutritional-value food
consumed, digestion is less efficient, which can be
one of the reasons for the lower growth rates of the
EP group compared to the EOS group. C. cerdo lar-
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vae move toward the center of a tree, thus changing the composition of the natural substrate during their development in the wood. Oak sawdust
was obtained by milling the wood that comes from
all parts of the timber section. Its composition is
most similar to the composition of the substrate on
which larvae develop in the wild. It seems that oak
sawdust has some substances necessary for larval
growth and development that is lacking in the diet
with polenta. On the other hand, the positions of
induced cellulase isoforms correspond to the isoforms of larvae reared on the polenta diet, indicating that all substances from the diet in combination
with environmental factors affect enzyme induction.
The results shown in this work are important
because they contribute to our understanding of
Cerambycidae cellulases. Cellulases have been studied in long-horned beetles larvae of Anoplophora
glabripennis (Geib, 2010) and Ergates faber (Chararas et al., 1983). One of the most cited and studied
β-D-glucosidases is that from Tenebrio molitor larvae
(Fereira et al., 2001).
From the results obtained for the distribution of
endocellulase and β-D-glucosidase along the midgut, it can be assumed that cellulose molecules are
first fragmented in the anterior and middle midgut
by endo-β-1,4-glucanase. The products of this reaction are hydrolyzed by β-D-glucosidase, mostly
in the middle midgut. The digestion of cellulose
has been the subject of considerable controversy
(Scrivener, 1997). Exogenous cellulases are usually located in the rear gut, while endogenous cellulases are in the anterior gut, pharynx, midgut and
salivary glands (Martin, 1983; Tokuda et al., 2009).
The foregut and midgut are either devoid of microorganisms or contain them in very small numbers
(Slaytor and Scrivener, 1994). Treatment with antibiotics removes endosymbionts (Heddi et al., 1999;
Shen et al., 2003). The use of antibiotics and the fact
that the lowest cellulase activity is in the rear midgut supports the assumption that the detected C.
cerdo cellulases from laboratory reared larvae are of
endogenous origin.

764

R. PAVLOVIĆ ET AL.

Acknowledgment - This study was supported by a grant (project no. 172048) from the Serbian Ministry of Education and
Science.

REFERENCES
Bense, U., (1995). Longhorn beetles: Illustrated key to the Cerambycidae and Vesperidae of Europe, Margraf Verlag,
Eikersheim.
Bernfeld, P., (1955). Amylases, α and β. In: De Murray, P. (Ed.),
Methods in enzymology, vol. I. Deutcher Acad. Press INC,
San Diego California, 149–158.
Božić N., Vujčić Z., Janković-Tomanić M., Ivanović J., and V.
Nenadović (2001). Proteinazne aktivnosti srednjeg creva
larve Cerambyx cerdo (Coleoptera, Cerambycidae). Acta
entomologica Serbica, 6, 1-2, 143-146.

Dojnov B., Vujčić Z., Božić N., Margetić A.,Vujčić M., Nenadović
V., and J. Ivanović, (2011). Adaptations to captive breeding of the longhorn beetle Morimus funereus (Coleoptera:
Cerambycidae); application on amylase study. J Insect Conserv 12.
Dojnov, B., Lončar, N., Božić, N., Nenadović, V., Ivanović, J., and
Z.Vujčić (2010). Comparison of α-amylase isoforms from
the midgut of Cerambyx cerdo L. (Coleoptera: Cerambycidae) larvae developed in the wild and on artificial diet.
Arch. Biol. Sci., Belgrade, 62 (3), 575-583.
Fereira, A. H. P., Marana, S. R., Terra, W. R., and C. Ferreira
(2001). Purification, molecular cloning, and properties of
a β-glycosidase isolated from midgut lumen of Tenebrio
molitor (Coleoptera) larvae. Insect Biochemistry and Molecular Biology 31 1065–1076.

Božić, N., Vujčić, Z., Nenadović, V., and J. Ivanović (2003). Partial
purification and characterization of midgut leucyl aminopeptidase of Morimus funereus (Coleoptera: Cerambycidae) larvae. Comp. Biochem. Physiol. 134B, 231–234.

Gieb, S.M., Tien, M., and K. Hoover (2010). Identification of proteins involved in lignocellulose degradation using in gel
zymogram analysis combined with mass spectroscopybased peptide analysis of gut proteins from larval Asian
long horned beetles, Anoplophora glabripennis. Insect Science 17, 253–264.

Božić, N., Vujčić, Z., Nenadović, V., and J. Ivanović (2004). Isoforms of leucyl – aminopeptidase of Cerambyx cerdo (Coleopterae, Cerambycidae) larvae, Arch. Biol. Sci., 56(1-2),
1P-2P.

Heddi A., Grenier A., Khatchadourian C., Charles H., and P. Nardone (1999). Four intracellular genomes direct weevil biology: Nuclear, mitochondrial, principal endosymbiont,
and Wolbachia. Proc. Natl. Acad. Sci. 96, 6814–6819.

Bradford, M.M., (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem. 72,
248–254.

IUCN (2009)Morimus funereus IUCN Red List of Threatened
Species.
http://www.iucnredlist.org/apps/redlist/details/13875/0

Buse J., Ranius T., and T. Assmann (2008). An endangered longhorn beetle associated with old oaks and its possible role
as an ecosystem engineer. Conserv. Biol. 22, 329–337.
Chararas, C., Eberhard, R., Courtois, J. E., and F. Petek (1983).
Purification of three cellulases from the xylophagous larvae of Ergates faber (Coleoptera: Cerambycidae). Insect
Biochemistry 13 (2), Pages 213–218.
Council of Europe (1996) Background information on invertebrates of the Habitats Directive and the Bern Convention,
Nature and environment, No 79, Council of Europe Publishing, Strasbourg, 59-62

Ivanović, J., and F. Barbič (1966). Komparativna proučavanja aktivnosti amilaze i celulaze kod larvi članova životnog kompleksa stabla. Arch. Biol. Sci., Belgrade, 18 (1), 1P-2P.
Ivanović, J., and M. Milanović (1967). Distribution and some
characteristics of intestinal amylases in xylophagous larvae of ecologically equivalent species. Ekologija, 2(1-2),
177-188.
Janković, M., Ivanović, J., and D. Marinković (1967). Some characteristics of the larval midgut amylase of members of
the family Cerambycidae during the first decomposition
phase of a deciduous trunk. Archiv. Biol. Sci. 18, 39-45.

Cristofoletti, P., Ribeiro, A. and W. Terra (2001). Apocrine secretion of amylase and exocytosis of trypsin along the midgut
of Tenebrio molitor larvae. J. Insect Physiol., 47, 143-155.

Kimoto, T., and M. Duthie-Holt, (2006). Cerambyx cerdo Linnaeus - Great Capricorn beetle, In: Exotic forest Insect
Guidebook, 30-32. Her Majesty in Right of Canada (Canadian Food Inspection Agency).

Davis, B.J., (1964). Disc electrophoresis-II: method and application to human serum proteins. Ann. N.Y. Acad. Sci. 121,
404–427.

Kwon K.S., Lee J., Kang H.G., and Y.C. Hah (1994). Detection of
beta-Glucosidase Activity in Polyacrylamide Gels with Esculin as Substrate. Appl Environ Microbiol 60: 4584-4586.

Decree on protection of Natural Rarities (1993) Službeni glasnik
Republike Srbije 50 [in Serbian].

Lončar N, Božić N, Nenadović V, Ivanović J, and Z. Vujčić, (2009).
Characterization of trypsin-like enzymes from the midgut

Cellulase isoforms of C. cerdo larvae

of Morimus funereus (Coleopterae: Cerambycidae) larvae.
Arch Biol Sci. 61, 713–718
Marović, R., (1973). The development of Cerambyx cerdo L. under laboratory conditions. Acta entomologica Jugoslavica,
9, 1-2.
Martin M. M. (1983). Mini review - Cellulose digestion in insects. Comp.Biochem. Physiol., 75A (3), 313-324.
Nenadović, V., Janković-Hladni, M., Ivanović, J., Stanić, V., and R.
Marović, (1982). The effect of temperature, oil and juvenile
hormone on the activity of corpora allata and the activity
of digestive enzymes in larvae of Cerambyx cerdo L. (Col.,
Cerambycidae). Acta Entom.Jug. 18(1-2), 91-96.
Nenadović, V., Janković–Hladni, M., Prolić, Z., and J. Ivanović,
(1994). Metabolic response of Morimus funereus and Cerambux cerdo larvae to low temperature. In: Plant Protection Today and Tomorrow, (Eds: Milorad Šestović, Neško
K. Nešković, Ilija Perić) 303-314. Belgrade. [In Serbian].
Nenadović, V., Prolić, Z., Lazarević, J., Al Arid, L., and J. Ivanović,
(1999). Royal jelly as a food additive and its possible biostimulating effects. Acta Veterinaria, 49(2-3), 105-116.
Oppert, C., Klingeman,W.E.,Willis, J.D., Oppert, B., and J.L. Jurat-Fuentes, (2010). Prospecting for cellulolytic activity
in insect digestive fluids. Comp. Biochem. Physiol. 155B,
145–154.
Perić-Mataruga V., Mrdaković M., Vlahović M., Ilijin L., Tomanić
M. J., Mirčić D., and V. Nenadović (2011). Biogenic amines
in protocerebral A2 neurosecretory neurons of Lymantria dispar L. (Lepidoptera: Lymantriidae) - Response to
trophic stress. Arch. Biol. Sci., Belgrade, 63 (3), 571-577.
Scrivener A. M., Watanabe H., and H. Noda, (1997). Diet and carbohydrate digestion in the yellow-spotted longicorn beetle
Psacothea hilaris. J. Insect Physiol. 43 (11), 1039–1052.

765

Shen Z., Denton M., Mutti N., Pappan K., Kanost M.R., Reese J.C.
and G. R. Reeck (2003). Polygalacturonase from Sitophilus oryzae: Possible horizontal transfer of a pectinase gene
from fungi to weevils. Journal of Insect Science, 3:24.
Slaytor M., and A.M. Scrivener (1994). Cellulose digestion in
Panesthia cribrata Saussure: does fungal cellulase play a
role? Comp. Biochem. Physiol. 107 B (2), 309-315.
Sun, Y., and J. Cheng (2002). Hydrolysis of lignocellulosic materials for ethanol production: a review. Bioresource Technology, 83, 1–11.
Terra, W.R., and C. Ferreira (1994). Insect digestive enzymes:
properties, compartmentalization and function. Comp.
Biochem. Physiol. 109B, 1-62.
Tokuda G., Miyagi M., Makiya H., Watanabe H., and G. Arakawa
(2009). Digestive b-glucosidases from the wood-feeding
higher termite, Nasutitermes takasagoensis: Intestinal distribution, molecular characterization, and alteration in
sites of expression. Insect Biochemistry and Molecular Biology 39, 931-937.
Vinokurov, K., Taranushenko, Y., Krishnan, and N.F. Sehnal
(2007). Proteinase, amylase, and proteinase-inhibitor activities in the gut of six cockroach species. J. Insect Physiol.
53, 794-802.
Watanabe, H., and G. Tokuda (2010). Cellulolytic systems in insects. Ann. Rev. Entomol. 55, 609–632.
Zverlov, V., Holl, W., and W. Schwarz (2003). Enzymes for digestion of cellulose and other polysaccharides in the gut of
longhorn beetle larvae, Rhagium inquisitor L. (Col., Cerambycidae). Inter. Biodet. Bioderg., 51, 175-179.

