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ARTICLE INFO ABSTRACT
Article History Of eight termite species found in Egypt, the subterranean
Received:28/4/2019 termite Psammotermes hypostoma Desneux is considered as the most
Accepted:12/5/2019 important serious pest, which destroy the wooden structures in
buildings and other wood products or any material containing
Keywords: cellulose. Therefore, cellulases enzymes are considered the main
Subterranean termite,  enzymes in the digestive system of termite. The termite digestive
Psammotermes system is considered a target for best control.
hypostoma, digestive This report discusses the descriptive variations of alimentary
system, Enzymes, canals for the worker and the soldier, also, the detection of three
Endo-B-1,4-glucanase, digestive enzymes; two of them belonging to cellulases enzymes
Cellobiase (B - (endo-pB-1,4-glucanase, and cellobiase (3 -glucosidase) and the third
glucosidase) , is amylase in guts extracts from the termite workers and soldiers. The
Amylases. Alimentary Workers had higher endo-B-1,4-glucanase and amylase activities,
canal. while soldiers had higher cellobiase (B-gl ucosidase) activity. It is

clear that the presence of a-amylase in the digestive system of P.
hypostoma workers and soldiers means that this species of termite is
able to decompose starch, which explains why termites attack grain
silos.

Effect of temperature and PH on enzyme activity showed that
the optimum temperature /PH for workers were 70 °C/ PH6 for endo-
B-1,4-glucanase, 50 °C/PH6 for cellobiase ( -glucosidase) and 70
°C/lpH 7 for amylase, while, in case of soldiers, optimum
temperature/pH were 70 °C/PH6 for endo-B-1,4-glucanase, 40
°C/PH6 for cellobiase (B-glucosidase) and 60 °C/PH 7 for amylase.

This work is the first in Egypt concerning the study of the
enzymes activities of the digestive system of termite and may be
considered an initial step to contribute to control this species of
termite by the development of new termiticides.

INTRODUCTION

The subterranean termites are considered the most serious pests all over the world (Su
and Scheffrahn, 1990). The worldwide annual control and repair cost was estimated and data
showed that the global economic impact of termite pests has increased to $40 billion.
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Subterranean termites accounted for=80% of the costs ($35 billion) (Rust and Su, 2012).

In Egypt, eight species of subterranean termites were recorded. The sand termite,
Psammotermes hypostoma Desneux is the most serious, voracious, and destructive termite,
causing damage to any materials containing cellulose, the annual control and repairing of
damages costs tens of millions of pounds essentially in Upper Egypt, Middle Egypt and the
New Valley (Ahmed et al., 2014& EI-Sebay and Ahmed, 2006).

The termite soldiers are unable to feed themselves due to their elongated jaws and must
rely on the workers to feed them and play an important role in colony defense (Koshikawa et
al., 2003). Results by Huang et al., 2008 indicated that the transfer of nutritional material
from foraging workers to non-foraging workers, soldiers, and fifth and sixth instars by
trophallaxis, soldiers rely entirely on workers for nutrition.

Termites can be divided into two groups: higher termites (Termitidae) and lower (all
families except Termitidae) based on absence or presence of flagellate protists in their
hindgut, respectively, and also on different feeding and nesting habits (Varma et al., 1994
and Eggleton, 2011). It is also known that the higher termite (family, Termitidae) decompose
cellulose by using their own enzymes (endogenous enzymes) which were secreted by their
gut and salivary glands (Breznak and Brune, 1994; Ohkuma, 2003 and Ramin et al., 2008)
and by their gut symbiotic bacteria, such as fibrobacters (Warnecke et al., 2007). While the
lower termites depend on their own digestive enzymes, symbiotic flagellates and symbiotic
bacteria (Yamin and Trager, 1979; Brune, 2011; Wenzel et al., 2002; Husseneder, 2010;
Hongoh, 2011; Brune, 2014 & Peterson and Scharf, 2016). The cellulose is usually
decomposed by endo-B-1,4-glucanase, exo-l,4- B-glucanase and B-glucosidases (Breznak and
Brune, 1994 ). Molecular biological techniques revealed that the lower termite Reticulitermes
speratus (Rhinotermitidae) secretes endogenous cellulase from their salivary glands or
midguts (Watanabe et al., 1998 ), moreover, in the lower termite, the symbiotic protozoa play
an important role in digesting cellulosic materials (Yoshimura et al., 1993a, 1993b, 1993c),
because most of the species of the protozoa have endo-B-1,4-glucanase, exo-l,4- B-glucanase,
and B-glucosidase ( Yamin and Trager, 1979& Odelson and Breznak, 1985a). Cellulases
enzymes, the major digestive enzymes in termites, can be an attractive candidate for
controlling termite by inhibiting the enzyme through cellulase inhibitors.

In the lower termite, the hydrolysis of cellulose is initiated by endogenous
enzymes (endo-B-1,4-glucanase) that are secreted by the salivary glands into their foregut or
by the midgut (Watanab et al., 1998; Tokuda et al., 2004; Li et al., 2006 and Fujita et al.,
2010 ). Any glucose that is released in the midgut is resorbed through the epithelium,
whereas the partially digested wood particles pass through the enteric valve into the large
hindgut paunch. Then they are immediately phagocytized by cellulolytic flagellates, which
hydrolyze the remaining polysaccharides using powerful cellulases (such as endoglucanases,
exoglucanases and P glucosidases) and hemicellulases such as xylanases, arabinosidases,
mannosidases and arabinofuranosidases that are secreted into their digestive vacuoles, as well
as enzymes produced by termite bacteria (Inoue et al., 1997; Ni and Tokuda, 2013; Hongoh,
2011; Brune, 2014& Talia and Arneodo, 2018). However, the higher termites have only
endogenous cellulases enzymes from salivary glands and midguts as well as the secreted
enzymes from cellulolytic bacteria which harbor the hindgut, whereas, higher termites digest
cellulose efficiently without gut protozoa.

Cellulases Enzymes were estimated in the gut extracts of the higher termite Nasutitermes
corniger workers and soldiers, it was found that endoglucanases were the most active
cellulolytic enzymes followed by exoglucanases, and finally B-glucosidase (Lima et al.,
2014).

The gut of higher termite Odontotermes brunneus contains high levels of protease and
cellulase enzymes, the study revealed that the diet of O. brunneus from different sources
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might affect the enzyme production and stability (Muthusamy et al., 2018). In addition to the
major importance of cellulases for termite, these enzymes are also being widely used in many
industries such as food processing, animal feed, fermentation, agriculture, pulp and paper,
bioethanol industry, and textile applications and wine and brewery industry (Kuhad et al.,
2011)

The amylases are enzymes that hydrolyze a-1,4-glycosidic bonds in amylose chains
producing glucose, maltose, and maltotriose units. These enzymes are biotechnologically
applied in food, paper, detergent, Textile and pharmaceutical industries (Souza and
Magalhées, 2010). In addition to cellulose, termites are able to digest other glucose polymers
such as starch and glycogen through the action of amylases (Waller and Fage, 1986 & Azuma
et al., 1984). The presence of a-amylase has been reported in the digestive systems of insects
from the orders Orthoptera, Hymenoptera, Diptera, Lepidoptera, and Coleoptera (Terra and
Ferreira, 1994), while few researches have been done to study amylase in termites. Alpha-
amylases are major digestive enzymes that act in the first step of maltopolysaccharide
digestion. Historically, insect amylases were widely studied early when electrophoresis
techniques were developed. In insects, these enzymes have long been studied for applied as
well as purely scientific purposes. In many species, multiple gene copies produce amylases.
Most insects are strongly dependent on their amylases for development and survival. In most
species studied, amylase is secreted at least in the midgut (Da Lage, 2018), the study by
Odelson and Breznak, 1985b confirmed that the protist Trichomitopsis termopsidis, a
symbiotic protozoan possesses hemicellulase and amylase as well as endo-B-1,4-glucanase
activities. On the contrary, the saliva of workers of the three subterranean termites species;
Macrotermes gilvus, Coptotermes formosanus and Reticulitermes speratus contains
sufficient a-amylase activity to metabolize all ingested starch into maltose without the aid of
their symbiotic partners ( Subekti and Yoshimura, 2009)

The characterization of digestive enzymes from termites can contribute to the
development of new insecticides. Natural insecticides derived from plants, such as enzyme
inhibitors, lectins, and secondary metabolites, are known to interfere with the activities of the
digestive enzyme (Lima et al., 2014). In this field, Termiticidal lectins from Myracrodruon
urundeuva influence the production of enzymes, cause severe injuries, oxidative stress and
cell death in the midgut of the termite N. corniger workers (Lima et al., 2016). Microgramma
vaccinifolia rhizome lectin possessed termiticidal activity and was able to enhance
imbalances in the activities of  acid phosphatase and trypsin-like protease as well as
modulation of cellulase activities in the gut of workers and soldiers, which result in
deregulating the entire process of cellulose digestion from the gut of termites. This lectine
killed Nasutitermes corniger workers and soldiers through termiticidal mechanisms
(Albuquerqgue et al., 2012).

Few researchers studied the digestive system in termite, but this is the first study on the
digestive system of the subterranean termite Psammotermes hypostoma and comparing them
between workers and soldiers. In the present study, we focus on the digestive system
anatomy and three main digestive enzymes activity (endo-p-1,4-glucanase, cellobiase (B -
glucosidase) and amylases) in two castes( workers and soldiers). And we hope this research
will provide useful information about enzymes of these insects to use them in complementary
studies for the goal of finding new control method, managing these important pests and the
development of novel insecticides. Also, the morphology of the alimentary channels was
described for the worker and the soldier.
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MATERIALS AND METHODS

Termite Collections:

Subterranean termite was collected using traps of cellulose (El-Sebay, 1991) which were
located in Al —Hashatra village, Fayoum Governorate, in April 2018, and then traps were
collected after one month. The termite samples were then transported to Plant Protection
Research Institute, A. R. C. Egypt. The termite was identified based on its morphological
characters at Department of Termite and Wood Borers, Agricultural Research Center, Giza, Egypt.
Separation of Workers and Soldiers:

Workers and soldiers were separated depending on its enlarged mandibles and head
capsules.

The Description Morphology of Termite Worker and Soldier Alimentary Canals:

To study the descriptive variations of alimentary canals, the worker and soldier
termites were dissected in Ringer solution (6.5g sodium chloride, 0.14g potassium chloride,
0.12g calcium chloride, 0.2g sodium carbonate, and diluted with1000 distilled water) under
stereomicroscope with syringe needle. Alimentary canals were isolated on glass slide and
cleaned from fatty bodies by insulin syringe in sequenced changes of dissecting solution.
Specimens were separated, described, and photographed using a computer and video
microscope digital.

Isolation of the Digestive Tube to Evaluate Enzymes Activities:

One hundred and fifty termites of both workers and soldiers were surface washed with
sterile distilled water. After cutting of their heads, using syringe needle, the entire guts were
removed in buffer sodium acetate in ice and then were stored on ice in 0.1 M sodium acetate.
Preparation of Gut Extracts:

About 150 guts from workers and 150 guts from soldiers were separately homogenized
using a porcelain mortar and pestle under cooling conditions in 2 ml of 0.1 M acetate buffer
(pH 5.5) (Lima et al., 2014). Then, both homogenates were centrifuged at 9000 g for 15 min
at 4 °C, where extracts were used for determination of protein concentration and digestive
enzyme activities.

Protein Assay:

The protein amounts in the prepared extracts were determined using the Bradford assay
at 595 nm (Willbur et al., 2016). Bovine serum albumin (BSA) was used to set up standard
curves for the calculation of protein concentration. The developed color in this assay and the
next enzyme assays were measured by spectrophotometer GENESYS 10 UV (Thermo
Spectronic, Rochester, NY, USA). All experiments for protein and enzyme assays were
repeated three times.

Determination of Endo-p-1,4-glucanase Activity:

To determine the endoglucanase activity on carboxy methylcellulose (CMC), briefly,
100 pL gut extract was mixed with 400 pL 1% CMC in 0.1 M sodium acetate buffer (pH 5.5)
and 0.015 M NaCl. The reaction mixture was incubated for 10 min at 50 °C then 500 pL of
DNS reagent was added, and finally boiled for 5 min. After the reaction temperature became
as room temperature, the developed color was measured at 540 nm (Lima et al., 2014).
Glucose was used as a standard product for calculation of cellulase activity. One endo-p-1,4-
glucanase unit is defined as the enzyme amount that liberates one pmole of glucose per
minute.

Determination of Cellobiase (B-glucosidase) Activity:

The assay involved incubation of 100 puL gut extract and 400 uL (1%) cellobiose in 0.1
M sodium acetate buffer pH 5.5 for 10 min at 50 °C. The concentration of the resulting
glucose was determined with a glucose kit assay purchased from Biodiagnostic according to
the supplier’s instructions (Elnesr et al., 2018). This is an enzymatic method depending on
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the action of glucose oxidase and peroxidase on glucose resulted from cellobiase activity on
cellobiose. The colored quinonimine product in the test and standard assays were measured at
510 nm. One cellobiase (B -glucosidase) unit is the enzyme amount that generates one pmole
of glucose per minute under the assay conditions.

Determination of Amylase Activity:

Each reaction contained 100 pL gut extract and 400 pL (1%) soluble starch in 0.1 M
sodium acetate buffer pH 5.5 containing 0.02 M CaCl2 and 0.15 M NaCl. Then it was
incubated at 50 °C for 10 min, after which the DNS method was continued as described
previously to measure the developed color of the resulting reducing sugar (Lima et al., 2014).
One amylase unit is defined as the enzyme amount that produces one pmole of glucose per
minute under the given conditions.

Effect of pH and Temperature on Enzyme Activity:

We studied the effect of different pH (3-12) and temperatures (30-100 °C) on
CMCase, cellobiase (B -glucosidase) and amylase activities. For studying the effect of pH on
given enzyme activity, each reaction contained 100 pL gut extract mixed with 400 pL (1%)
substrate in each of the buffers adjusted to the corresponding pH 3-12, and incubated at 50 °C
for 10 min. After that, each reaction was continued for measuring the color product as
described above in each enzyme assay. We used the buffers 0.1 M citrate-phosphate for pH
3-6, 0.1 M sodium phosphate for pH 7, 0.1 M tris-HCI for pH 8 and 9, 0.1 M Sodium
bicarbonate and sodium hydroxide for pH 10 and 11, and 0.1 M sodium hydroxide solution
for pH 12. For studying the effect of temperature on the given enzyme activities, the assays
were done as described above with exception of incubation temperature which was changed
to be 30, 40, 50, 60, 70, 80, 90 and 100 °C (Lima et al., 2014).

Statistical analysis of enzyme activity of each endo-B-1,4-glucanase, cellobiase (J} -
glucosidase) and amylase in workers and soldiers was estimated by <’T*” test (SAS program, 2001)

RESULTS AND DISCUSSION

The termite was identified based on its morphological characters as the subterranean
termite Psammoterme hypostoma Deseunex belonging to the lower termite group (family:
Rhinotermitidae) This species of termite is considered as the most voracious pest that could
cause severe damages for buildings, silos of grain, living trees and crops or any material
containing cellulose, When termites attack buildings, they destroy lumber, furniture, wood
doors, windows, flooring, carpeting, wood panels, wallpaper, paper products, and fabric
made of plant fibers, artwork, books, clothing, and valuable papers.

The Description Morphology of Termite Worker and Soldier Alimentary Canals:

The worker and soldier alimentary canals of P. hybostoma are tubular with widened
parts. The length of foregut, midgut and hindgut 37.8%, 27.1% and 35.1%for soldiers and
23.8%, 28.6% and 47.6% respectively for workers of the total length of alimentary canal
Table (1). In soldiers, foregut is translucent and tubular in the interior part (esophagus) and
broadens without a precise limit consisting crop. The crop, which appears as a simple
dilatation of the esophagus connects in its base with spherical and translucent part (gizzard).
The posterior end of the foregut is buried into the midgut and forms the cardiac valve. The
midgut (mesenteron) is translucent, cylindrical with a uniform diameter and does not have a
gastric caecum, which is seen in the midguts of most insects. Malpighian tubules are
yellowish in color and attached at the mesentero-proctodeal junction. The hindgut
(proctodeum) was the most developed portion of the gut; it consists of three segments and
has modifications including the 1% segment which is a narrow and short tube at the junction
with the midgut. The 2" proctodeal segment or paunch is voluminous and dilated where the
bulk of symbiotic microbiota is harbored. The 3™ segment is the colon which followed by
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rectum. Soldier gut lacks particulate food contents, except the hindgut (Fig.1).

No significant differences were observed in morphological structures between workers and

soldiers, but workers have internal pigmented colour because of finding particulate of food

and symbiotic microbiota. Also, soldier hindgut is less developed than that of workers.

Descriptive variations between workers and soldiers (maybe for differences in functional

work and food requirements) were observed.

Table (1). Percentages of length for different parts of workers and soldiers gut of P.
hybostoma termite.

Caste hoes of length for different parts of the gut

Foregut Midgut Hindgut
Workers 238 286 47.6
Soldiers 378 271 351

Midgut

Fig.1. Morphology of P. hypostoma alimentary canal. A)Workers; B)Soldiers
(a, oesophagus; b, crop; c, gizzard; d, midgut; e, malpighian tubules; f,
paunch; g, colon; h, rectum)

Enzyme Activity:

Enzyme activity of each, endoglucanase cellobiase and amylase in both workers and
soldiers are clarified in Table (2). After dissecting the termite workers and soldiers and
getting their guts, we characterized specific activities of endo-p-1,4-glucanase at pH 5.5 and
50 °C in extracts of workers and soldiers guts as 12.3 +0.057 and 6.4 + 0.034 U/mg,
respectively. Also, their cellobiase (B—glucosidase) activities were 3.4 + 0.028 and 5.6
+0.057U/mg, respectively. Additionally, their amylase activities were 31.6 + 0.115 and
16.1+0.88U/mg, respectively.
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Table 2. Enzyme activities of each endo-B-1,4-glucanase, cellobiase ( -glucosidase) and

amylase from the gut extracts of

hypostoma termite at pH 5.5 and 50 °C.

workers and soldiers of Psammotermes

Caste Workers Soldiers
Enzyme Range | Av.£ SE | Range Avosg | [V
Endo p-14glucanase || 123-124 | 12320057 | 634 —646| 640034 | 87.628
Cellobiasd (p-glucosidass) | 3.35 -345 | 3420028 | 55-57 | 5620057 | 36333
Amylase 314-318 | 31620115 159-162 | 1612088 | 106908

The results in Table (2) showed highly significant differences in enzyme activity
between both workers and soldiers of Psammotermes hypostoma termite, the obtained T
values was 87.63, -36.33 and 106.91 for each endo-p-1,4-glucanase, cellobiase (B -
glucosidase) and amylase, respectively.

Effect of Temperature and PH on the Activity of Different Enzymes:

The effect of different temperatures on (endo-B-1,4-glucanase) activity displayed that
both workers and soldiers had maximum specific activities of 15.9 and 8.3 U/mg,
respectively, at 70 °C. compared to this optimum temperature, endo-f3-1,4-glucanase activity
declined to 45%, 62%, 77%, 90%, 39%, 26% and 5.7% in workers, and 43%, 63%, 78%,
87%, 43%, 28% and 6% in soldiers at temperatures 30, 40, 50, 60, 80, 90, and 100 °C,
respectively (Fig. 2A). endo-B-1,4-glucanase activity was also affected by pH variation.
Where, pH 6 was the optimum for the enzyme activity in both workers and soldiers with
corresponding activities 13.2 and 8.1 U/mg. However, endo-B-1,4-glucanase activity
decreased to 27%, 59%, 86% 91%, 72%, 63%, 25%, 9% and 2% in workers at pH 3, 4, 5, 7,
8, 9, 10, 11 and 12, respectively. Similarly, endo-B-1,4-glucanase activity declined to 22%,
67%, 73%, 93%, 75%, 49% and 26% in soldiers at pH 3, 4, 5, 7, 8, 9 and 10 (Fig. 2B).
Similar to our results, it was stated that Coptotermes formosanus endoglucanase had
optimum PH 5.8 -6.0 and optimum temperature 70 °C after expression in E. coli (Inoue et al.,
2005). On the other hand, it was found that endo-B-1,4-glucanase displayed the highest
activity in Nasutitermes corniger workers and soldiers at pH 4 (Lima et al., 2014). It is
obvious that endo-p-1,4-glucanase activity in workers was significantly higher than soldiers
as found in previous studies on N. corniger (Lima et al., 2014) and N. takasagoensis (Fujita
et al., 2008).

The highest cellobiase (B -glucosidase) activity was achieved in workers and soldiers
at 50 °C and 40 °C, respectively, with corresponding specific activities 3.2 and 5.6 U/mg.
Workers cellobiase (B -glucosidase) activity decreased to 73.5%, 60.5%, 5%, 2% and 0.6%
at temperatures 60, 70, 80, 90, and 100 °C, respectively. While, soldiers cellobiase (B -
glucosidase) activity declined to 85.5%, 68%, 59%, 32%, 16% and 3.5% at temperatures 50,
60, 70, 80, 90, and 100 °C, respectively (Fig. 2C). On the other hand, the maximum
cellobiase (B -glucosidase) activity was achieved at pH 6 for both of workers and soldiers
with corresponding specific activities 6.5 and 9.6 U/mg. However, cellobiase (B -glucosidase)
activity declined to 1%, 41%, 54%, 69%, 23%, 14%, 7%, 5% and 1% in workers at pH 3, 4,
5,7,8,9, 10, 11 and 12, respectively. Also, cellobiase (B -glucosidase) activity decreased to
0.5%, 44%, 68%, 73%, 21% and 15% in soldiers at pH 3, 4, 5, 7, 8 and 9, respectively, while
the activity was totally lost at pH 10-12 (Fig. 2D). These results indicate that cellobiase (B -
glucosidase) activity in workers is lower than soldiers and is similar to the previous study
which found that B-glucosidase on p-nitrophenyl--Dglucopyranoside (pNPG) was maximum
at pH 11 in workers and pH 4 in soldiers at 30 °C (Lima et al. 2014). They also stated that N.
corniger cellobiase (B -glucosidase) activity is declined by heating over 30 °C.

Cellulose is initially and partially degraded by endoglucanase which hydrolyzes the
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amorphous region of cellulose (Watanab et al., 1998; Tokuda et al., 2004; Brune, 2014 and
Seneesrisakul et al., 2017), the termite soldiers receive the partially digested wood particles
which were exposed to endoglucanase from the workers by trophallaxis (Huang et al., 2008)
which confirms our results that the endoglucanase is higher (twice) in workers than in
soldiers. After that the soldiers passé the partially digested cellulose to the midgut and
hindgut where cellobiase and the other cellulase enzymes which are responsible for the final
digestion of cellulose components complete the digestion process (Fischer., et al., 2013)
which confirms our result that cellobiase (B -glucosidase) is higher in soldiers than
workers, our results also agrees with (Lima et al.,2014) who stated that, the levels of
endoglucanase seen in workers, would not be required in the gut of the soldier. Otherwise,
the enzymes exoglucanase and B-glucosidase, which are responsible for the final digestion of
cellulose components, would be present at higher concentrations in soldiers

The optimum temperatures for amylase activity in workers and soldiers were 70 °C
and 60 °C, respectively, with corresponding activities 35.8 and 18.2 U/mg. Increasing
temperature to 80, 90 and 100 °C reduced amylase activity in workers to 80%, 53% and 13%,
respectively. While soldiers amylase activity was declined to 94%, 77%, 54% and 11% at 70,
80, 90, and 100 °C, respectively (Fig. 2E). On the other hand, the maximum amylase activity
was reached at PH7 for workers and soldiers with corresponding activities 41.8 and 22.4
U/mg. pH variation reduced workers amylase activity to 50%, 57%, 64%, 75%, 91%, 68%,
57%, 36% and 12% at pH 3, 4, 5, 6, 8, 9, 10, 11 and 12, respectively. Similarly, soldiers
amylase activity was declined to 52%, 56%, 72%, 80%, 96%, 84%, 80%, 36% and 9% at pH
3,4,5,6,8,9, 10, 11 and 12, respectively (Fig. 2F). Clearly, the presence of a-amylase in the
digestive system of P. hypostoma workers and soldiers means that this species of termite is
able to decompose starch, which explains why termites attack grain silos.

The results displayed that amylase activity in workers was higher than soldiers, which
is in agreement with the previous study, which found that pH 6 displayed maximum amylase
activity in N. corniger workers and soldiers at 30 °C (Lima et al., 2014). Also, it was found
that the highest amylase activity was achieved in workers of Odontotermes brunneus at pH 6
and 30 °C (Muthusamy et al., 2018). Additionally, the authors found other pH values and
increasing temperature over 30 °C lead to a decline in amylase activity. The role of salivary
enzymes in the detection of polysaccharides in the lower termite Reticulitermes flavipes was
studied and found that the enzymes are necessary for termites to detect the presence of
polysaccharides, the termites are able to detect starch because the amylase in their saliva
hydrolyzes the starch into its monomer components (Cypret and Judd, 2015). Also the
activity of amylase was detected in the salivary glands of the lower termite Mastotermes
darwiniensis and formed 81% of the total amylase activity. The enzyme was of the a-type
and produced mainly, maltose and maltotriose during the hydrolysis of amylose (Veivers., et
al. 1982). Low levels of amylase activity are present in the higher termite Nasutitermes
walker, it is secreted in the salivary glands and it is only found in the anterior portion of the
midgut (Hogan., et al. 1988). Furthermore, insect amylases can be considered as targets
enzymes of enzyme inhibitors, the a-amylase inhibitors are highly specific for their target
enzymes, and their use for insect control especially weevils as these are highly dependent on
starch for their energy supply.
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Fig. 2. Effects of temperature variation on endo-p-1,4-glucanase, cellobiase (B -glucosidase)
and amylase specific activities are shown in figures A, C and E, respectively. While,
the effects of different pH levels on the activities of endo-B-1,4-glucanase, cellobiase
(B -glucosidase) and amylase specific are shown in figures B, D and F, respectively.

CONCLUSION

Activities of endo-pB-1,4-glucanase and amylase were higher in workers than soldiers
while cellobiase (B -glucosidase)) activity was lower in workers than soldiers. pH 6 was
optimum for activities of endo-p-1,4-glucanase and cellobiase (B -glucosidase), while pH 7
was optimum for amylase activity in workers and soldiers. Also maximum endo-B-1,4-
glucanase in extracts of workers and soldiers activity was achieved at 70 °C. While cellobiase
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(B -glucosidase) activity was maximum in workers and soldiers at 50 °C and 40°C,
respectively. Additionally, workers amylase activity was maximum at 70 °C, whereas 60 °C
was optimum for soldier’s amylase. ). It was found that the activity of worker and soldier
endo-B-1,4-glucanase was lost after heating at 100 °C, also at 11 and 12 pH for soldiers and
12 pH for workers. While the activity of worker and soldier cellobiase (B -glucosidase) was
lost after heating at 80 °C for soldiers and 100 for workers, also at 10, 11and 12 pH for
soldiers and workers. In the next study, inhibition studies of the cellulase system enzymes
may lead to the development of potential pesticides for termite control.
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ARABIC SUMMARY

Psammotermes sl caill (ant) Jaill 3 gia g cVad Cp Slag 3N g padagl Slgall & cildsiay)
hypostoma Desneux (Rhinotermitidae: Isoptera)
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