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Enzyme Alterations in Haemolymph of the Silkworm,
Bombyx mori During Grasserie Infection
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The silkworm Bombyx mori is a domesticated tiny insect having a remarkable economic significance. Occurrence of
diseases in silkworm Bombyx mori is fairly common and inflict serious losses. The major disease affecting mulberry
silkworms is Grasserie, which is a viral infection causing reduced production of silk in India and other countries primarily
by the Bombyx mori, Nuclear Polyhedrosis Virus (BmNPV). In India, >50 % of silk cocoon crop losses are attributed to
BmNPV infections. Presently, there are no specific preventive measures to treat the spread of BmNPV infection other
than sanitized rearing methods, where the only commercial practice today is to discard large stocks of worms during the
infection. Once infected, the disease pathogen in silkworm becomes highly efficient at manipulating the physiological and
endocrinological responses of the body. In order to provide references for further study on the infection and pathogenesis
of BmNPYV, this research was explored for the changes in the haemolymph enzyme activities. For the study, healthy and
Grasserie infected mulberry silkworms were collected from the local sericulture units and reared in the laboratory to
analyse the intensity of enzyme activity. The enzyme profile of both healthy and infected worms was recorded by using
Clinical Analyser. The study revealed, significant decrease in enzyme activity of alkaline phosphatase, acid phosphatase,
alanine amino transferase, aspartate amino transferase, in the infected larvae as compared with control healthy silkworms.
Enzyme alterations reported in the present study, can be used as a marker, for indication of Grasserie disease in local
mulberry silkworm colonies.

ACID PHOSPHATASE, ALANINE AMINO TRANSFERASE, ALKALINE PHOSPHATASE, ASPARTATE AMINO
TRANSFERASE, BOMBYX MORI.

is 35,000 metric tonnes, (Statista Research Department,
2021).

he silkworm Bombyx mori is a domesticated tiny insect
having considerable economic significance. It is a well-
known and economically important insect as it is a
producer of valuable silk. Over 85% of the global silk
production comes from the mulberry silkworm, B. mori.
In India, the silk industry has made significant progress
during the past two decades where it occupies the second
position in global silk production next to China. As per
the statistics, India has 82 lakh farmers in 62,000 villages
engaged in sericulture and Indian raw silk production
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Diseases in silkworm Bombyx mori are fairly common
in occurrence and are serious in inflicting losses. The
country has produced 35,820 MT of silk against the
target of 38,530 MT during 2019-20 achieving 93.0% of
the target. This is the progress during the past decades
of silkworm industry but, this progress stops or reduces
production when disease occurs. Grasserie is a viral
infection, in silkworms which is the major cause for
damage and reduced production of silk in India and other
countries. The disease is caused primarily by Bombyx
mori Nuclear Polyhedrosis Virus (BmNPV). The disease
occurrence is a common phenomenon during all stages
in silkworm rearing (Joshi and Raja 2013, Annual Report
2020).
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The investigation revealed by Joshi (2015), these
pathogenic diseases form major factors that greatly
contribute to the crop failure and instability in
cocoon production in all the rearing seasons. Once
infected the disease pathogen in silkworm becomes
highly efficient at manipulating the physiological and
endocrinological responses of the body. In the present
study, by doing investigation the oxidizing enzymes
activity in the hemolymph of healthy or control and
infected or diseased silkworms was recorded. Aspartate
amino Transferase (AST), Alanine amino Transferase
(ALT), Alkaline Phosphatase (ALP), Acid Phosphatase
(ACP) are the parameters widely used to understand
the effect of diseases or infection, as these could give
indications of progressive toxic effects long before the
actual manifestation of the disease. The mode of viral
infection and the activity of enzyme metabolic alterations
involvement in silkworm immunity was studied by
Babu et al. (2009). This study reveals, to understand the
molecular and metabolic changes in diseased and control
silkworms, it may form the potential basis and can be
used in other fields such as medicine and virology (Babu
et al. 2009; Joshi 2015 Gau et al 2020).

Rajitha and Savitri (2014) reviewed that among the
many constraints that influence the success of cocoon
production, the menace of disease is the prime one. The
major disease affecting mulberry silkworm is Grasserie.
The Grasserie disease occurs when the silkworms feed
on mulberry leaves, contaminated with BmNPV (Rajitha
and Savitri 2014; Jiang and Xia 2014 Gao et al 2020).
All these biomolecules play very important role in many
pathways that operate within the living cells as they are
also the intermediates of many physiological reactions
The enzyme levels in haemolymph especially Alkaline
phosphatase (ALP), Acid phosphatase (ACP), Aspartate
amino Transferase (AST) and Alanine amino Transferase
(ALT) are the parameters broadly used in the disease
diagnosis in Silkworms and it can be used as a model
organism in virological research (Jiang and Xia 2014,
Gao et al 2020).

The present study reveals that the enzyme alterations
observed could prove a good model for studying the
interaction between insect and virus. Alterations in the
enzyme parameters, on exposure to disease causing
pathogens, in the hemolymph could be used as an
indicator for the health status of Silkworm Bomby.x mori,
as well as can be taken as target system to measure
physiological and biomolecular stress induced alterations
in the body during the occurrence of diseases.

MATERIAL AND METHODS

In the present study healthy and Grasserie infected
mulberry silkworm larvae were collected from the local
sericulture units, carried and reared in the laboratory.
The haemolymph of reared silkworms were collected at
early (Day 3) and late (Day 6) stages of Vth instar larva.
Haemolymph was collected everyday into pre-chilled
centrifuge tubes with a pinch of phenyl thiourea by
clipping third pair of abdominal legs of silkworm larvae

and the haemolymph was taken for the enzymatic studies.
At the end the statistical analysis of the recorded data was
done and recorded in the Table I and graphically given in
Fig I. The analysis for the intensity of enzyme activity
in both controlled and Grasserie infected larval samples
were done by using Clinical Analyser. The Chemical kits
used for enzyme assay were from Excel Diagnostics Ltd.
The following method was used to estimate the enzyme
alterations.

Enzyme ALT and AST Activity (U/L) = Change in (Absorbance /min) x 1746 factor
Enzyme AKP and ACPII\E = (Absorbance of Test -Absorbancs of cantrol) X Std cone. X 7.4

(Absorbance of Standard-Absorbance of Blank)
1 KA units/dl =7.1 UlLit

Enzyme Activity (U/L) = Change in (Absorbance /min)
X 1746 factor
1 KA units/dl =7.1 U/Lit

RESULTS AND DISCUSSION

In the present study, the enzyme profile of healthy
and Grasserie infected silkworms was recorded by the
method described above. All the recorded data has
been summarized in the Table I. The levels of Alanine
aminotransferase (ALT) in the haemolymph of healthy
and Grasserie infected Silkworms are recorded in
the Table I and Fig I. On the basis of unit volume of
haemolymph, the ALT levels were low at the beginning of
the larval development both in the healthy and Grasserie
infected silkworms.

At early stage it was recorded 445.67 U/Lit. as compared
to the healthy control 375.31 U/Lit. At late stage of
infection, the changes in the levels of the healthy and
infected larvae were 645.37 U/Lit and 241.36 U/Lit
respectively, which showed decreased trend in infected
larvae as compare to non-infected healthy worms.
Accordingly, Aspartate aminotransferase (AST) activity in
the haemolymph during both early and late infection with
Grasserie were disturbed a little. At early infection the
enzyme activity in the haemolymph showed significantly
reducing effect 283.70 U/L in infection than the control
level of the enzyme in haemolymph 240.21 U/Lit.

On the other hand, the enhancing effect on AST activity
in the haemolymph was exhibited in late infection was
242.10 U/Lit as compared to the healthy control 281.80
U/Lit. From the values depicted in Table I and Fig. I, the
Alkaline phosphatase (ALP) activity enhanced initially
0.286 U/L during early infection with Grasserie in
comparison to the control non infected larva 0.037 U/Lit
at early stage. However, in late stage the haemolymph in
the diseased worm undergoes rapid increase in Alkaline
phosphatase (ALP) activity 0.609 U/L, when compared
to the control 0.125 U/Lit. Results. Recorded in Table I
and Fig. I, explored the effect of Grasserie on the Acid
phosphatase (ACP) activity in haemolymph of silkworm
at early and late infection.

Acid phosphatase activity (0.183 U/L) enhanced initially
during early infection with Grasserie in comparison to
the control non infected larva 0.162 U/Lit, on day two of
5th instar larva. However, on 5th day the haemolymph
in the diseased worm undergoes a rapid rise in Acid
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phosphatase activity 0.354 U/L, when compared with
the control 0.195 U/Lit. Enzymes provide the energy
needed for metabolic reactions essential to immune
health. Enzymes have been shown to stimulate the
body’s natural defenses while breaking down offending
pathogenic immune complexes. This helps relieve stress
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on the body and strengthen the immune system, which
can speed the healing process. Changes in enzymatic
action along with metabolic modulations during the
progress of pathogen play an important role in under-
standing the interaction between the host and pathogen
as a part of a survival strategy.

Table 1. The Enzyme Profile of the silkworm haemolymph during Grasserie infection

Enzyme

Alanine Amino
Transferase (ALT) U/Lit

Healthy Control
Early

375.31 £2.00 | 645.33 +£3.00

Grasserie Infection
Late Early Late

445.67 +5.00 a | 241.36 +2.90 b

Aspartate Amino Transferase (AST) U/Lit 240.21 +8.2 | 281.8 +4.00 283.7 +8.00 a 242.1 +3.30 a
Alkaline Phosphatase (ALP) U/Lit 0.037 +0.06 | 0.125 +0.08 0.286 +0.13b 0.609 +0.39 b
Acid Phosphatase (ACP) U/Lit 0.162 +0.10 | 0.195 +0.133 0.183 +0.06b 0.354 +0.21a

Conc.: Concentration, mean + SE followed with the same letter (a): is not significantly different (P>0.05), (b):
significantly different (P<0.05), (c): highly significantly different (P<0.01), (d): very highly significantly different

(P<0.001).

Figure 1: Showing significant differences in enzyme
activities in haemolymph in the silkworm during infection

with Grasserie
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In view of this, the present study has been carried out to
understand the dynamics of enzyme during the progress
of BmNPV in silkworm Bombyx mori. Many workers
through their studies have emphasized the importance
of diseases to explain the effects on bimolecular and
physiological mechanisms of the infected silkworm
especially as they relate to, the composition of body
fluids, enzyme systems, development of immunity, and
predisposition to diseases and parasites (Gillespie et al.
1997; Doreswamy et al. 2004). In the present study we
found the significant fluctuations in enzyme activity
levels in the haemolymph. In insects, ALPs are involved
in several biological processes and respond to stress,
including pathogenesis, or infection Miao (2002). Senthil
et al., (2005) reported a decrease in the activity level of
the Acid phosphatase in Spodoptera litura after exposure
to pathogenic infections with virus. The effects of NPV on
midgut enzymes of Spodoptera litura were investigated
by Nathan et al. (2005) and it was demonstrated that
alkaline phosphatase is decreased after infection by
virus.

Conversely, Matindoost (2006) showed that BmNPV
had caused a considerable decrease in activity of
this enzyme in silkworm after infection of a cell line
established from silkworm embryo (Bm-EK1). It was
noted that infection with microbial pathogens is capable
of activating, inactivating or neutralizing enzyme
production and subsequent release to the system. These
types of alterations in enzyme profile could possibly
be resulting due to mobilization and detoxification of
microbial toxins and explains the sudden alterations
in enzyme activity as observed in the present study
(Doreswamy 2004; Etebari 2007; Nirupama 2015). Many
workers, reported the significant fluctuations in enzyme
activity levels in the in haemolymph of healthy and
Grasserie infected silkworms. Nirupama (2015) reported
the same alterations in enzymes at healthy and infected
silkworms as we recorded in the present study. Enzymes
are important biological molecules responsible for the
thousands of biochemical interconversions that sustain
life.

Enzymes serve a wide variety of functions, act as
catalysts and help in complex reactions occur everywhere
in life. Without enzymes, metabolism would neither
progress through the same steps, nor be fast enough to
serve the needs of the cell. In the absence of enzymes,
this occurs so slowly or insignificantly (Reddy 2004;
Mahesha et al. 2009; Mahalingam et al. 2010; Mahesha
et al. 2013; Nirupama 2015). The present investigation
reveals that the haemolymph levels of Acid Phosphatase
non-significantly changes during Grasserie. The present
study reported similar alterations during infection (Gao et
al. 2020). He reviewed that, the expression levels of (ALP)
alkaline phosphatase activity were all increases first
and then decreases sharply in the midgut, haemolymph
and fat body of silkworm after infection with BmNPV.
The gene expression was basically consistent with the
change of enzyme activity, which was closely related to
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the physiological metabolic process of silkworm after
infection with BmNPV. It suggested that the alkaline
phosphatase played an important role in the antiviral
process of silkworm (Gao et al. 2020).

CONCLUSION

Enzyme alterations in the studied parameters, on exposure
to disease causing pathogens, in the hemolymph, suggest
that these parameters could be used as indicators of the
health status of the silkworm, Bombyx mori, as well as
can be taken as target system to measure physiological
and biomolecular stress induced alterations in the body
during the occurrence of diseases. This can assist in
better monitoring and effective health management
of silkworms which is an economically important silk
producing bio-machine. The present information may
provide the underlying mechanisms in altering the
metabolic modulations in pre-spinning silkworm larvae
during Grasserie infection and to protect the commercial
characteristics of cocoon yield in addition to suggest
suitable measures in regulating the disease.
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