5. Results and Discussion
5.1.

Results of quantitative assay of major liydrolases (digestive enzymes)

and oxidoreductases of B.suppressaria, Et.magnifica, H.theivora and O.coffeae

5.1.1. Results of hydrolases of the four arthropod tea pests

5.1.1.1. Amylase
In starch digestion, iodine is a good indicator witli a blue-black background in the agar gel
plate. As starch gets digested, the blue-black colour disappears. In the positive control
amylase activity was evident through ring formation whereas in the negative control no
formation of halo was observed. In case of amylase detection test, rings of cleared areas
(halo) against a distinctly blue-black background were observed. This indicated the
presence of amylase in the saliva and midgut of B.suppressaria. The diameter of the halo in
salivary amylase was 4.57 ± 0.14 mm vis-a-vis in midgut the halo was 6.60 ± 0.10 mm which
indicated presence of a higher quantity of amylase in the midgut region of B.suppressaria
(Table 1).
Table 1. Measurement of halo diameter of digestive enzyme (amylase) of the salivary-gland (SG) and the midgut (MG) homogenate of Buzura suppressaria (mean ± SD)
Enzyme

Amylase

Enzyme source

Observed value (mm)

Commercial amylase

5.17 ±0.29

Salivary gland (SG) homogenate

4.5710.14

Midgut (MG) homogenate

6.60 ±0.10

The higher amylase activity in the midgut homogenate of B.suppressaria indicated the
possibility of greater digestion of polysaccharides in midgut than its break down by saliva at
the time of ingestion in the oral cavity (Table 2).
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Table 2. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Buzura suppressaria (mean ± SD)

Amylase activity
(|j M. mg protein
min
Salivary gland

B.suppressaria

0.318 ±0.006 a

Midgut

0.405 ± 0.005 b

D iffe re n t le tte rs in a row in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n at p> 0 .0 0 1 using t-te s t

Formation of clear rings against a distinctly blue background in the agar gel plate indicated
the presence of amylase both in the saliva and midgut of Et.magnifica. The diameter of the
halo in the agar gel plate in case of saliva was 4.13 ± 0.12 mm and in the midgut was 4.52 ±
0.06 mm. Similar ring formation was also evident in the positive control while in the negative
control no formation of halo was observed (Table 3).

Table 3. Measurement of halo diameter of digestive enzyme (amylase) of the salivary-gland (SG) and the midgut (MG) homogenate of Eterusia magnifica (mean ± SD)

Enzyme

Amylase

Enzyme source

Observed value (mm)

Commercial amylase

5.17 ±0.29

Salivary gland (SG) homogenate

4.13±0.12

Midgut (MG) homogenate

4.52 ±0.06

In Et.magnifica amylase activity of equal quantity indicated almost similar polysaccharide
digestion at salivary and midgut levels (Table 4).
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Table 4. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Eterusia magnifica (mean ± SD)
Amylase activity
(fjM. mg protein
min ~^)
Salivary gland

Et.magnifica

0.331 ±0.003 a

Midgut

0.348 ± 0.005 b

D iffe re n t le tte rs in a ro w in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n a t p> 0 .0 0 1 using t-te s t

The presence of amylase was observed both at salivary and midgut level in case of
i-l.theivora. The gel diffusion assay showed that salivary amylase (halo diameter 4.18 ± 0.27
mm) was marginally lower than that of the midgut (halo diameter 4.92 ± 0.49 mm) (Table 5).
The positive control showed the similar ring formation while in negative control no formation
of halo was observed. In quantitative study also amylase was found to be slightly lower in
salivary gland (0.0679 ± 0.0003
|j M .

|jM .

mg protein

min ~^) than in midgut (0.0861 ± 0.0004

mg protein "V min "^) (Table 6).

Table 5. Measurement of halo diameter of digestive enzyme (amylase) of the salivary-gland (SG) and the midgut (MG) homogenate of Helopeltis theivora (mean ± SD)

Enzyme

Amylase

Enzyme source

Observed value (mm)

Commercial amylase

5.17 ±0.29

Salivary gland (SG) homogenate

4.18 ±0.27

Midgut (MG) homogenate

4.92 ±0.49
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Table 6. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Helopeltis theivora (mean ± SD)

Amylase activity
min
iu VI. mg protein
Salivary gland

H.theivora

0.0679 ± 0.0003 a

Midgut

0.0861 ± 0.0004 b

D iffe re n t le tte rs in a ro w in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n a t p> 0 .0 0 1 using t-te s t

The agar gei diffusion assay showed the presence of amylase in the O.coffeae. The
diameter of the halo was measured 3.55 ± 0.08 mm (Table 7). The positive control also
showed similar ring formation vis-a-vis the negative control no formation of halo. The
amylase activity was also evident in the whole body homogenate of O.coffeae (Table 8).

Table 7. Measurement of halo diameter of digestive enzyme (amylase) of the whole-body homogenate of Oligonychus coffeae (mean ± SD)
Enzyme

Enzyme source

Observed value (mm)

Commercial amylase

5.17 ±0.29

Whole body homogenate

3.55 ±0.08

Amylase
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Table 8. Digestive enzyme activity of whole body homogenate of ■
-Oligonychus coffeae (mean ± SD)

Amylase activity
m in"'')
(MVI. mg protein
Whole body homogenate
0 .coffeae

0.0243 ± 0.004

5.1.1.2. Protease

In case of protease test, clear rings appeared against a white background. In B.suppressaria
the diameter of halo developed for salivary was 3.99 ± 0.10 mm and for midgut homogenate
4.54 ± 0.05 mm respectively. A positive and negative control was run concurrently. Positive
control gave a similar ring formation and negative no formation of halo (Table 9). The
protease activity in oral as well as midgut of B.suppressaria possibly ensured an active
protein digestion at both the levels (Table 10).

Table 9. Measurement of halo diameter of digestive enzyme (protease) of the salivary-giand (SG) and the midgut (MG) homogenate of Buzura suppressaria (mean ± SD)

Enzyme

Protease

Enzyme source

Observed value (mm)

Commercial Protease

4.69 ±0.51

Salivary gland (SG) homogenate

3.99 ±0.10

Midgut (MG) homogenate

4.54 ±0.05
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Table 10. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Buzura suppressaria (mean ± SD)

Protease activity
(Amount of casein, utilized) (|jg /mg)
Midgut
Salivary gland

B.suppressaria

38.22 ±0.19 a

44.81 ±0.38 b

D iffe re n t le tte rs in a ro w in d ic a te s ig n ific a n c e d iffe re n c e of m e a n a t p> 0 .0 0 1 using t-te s t

In the agar gel plate, cleared ring of protease activity (halo) against white bacl<ground was
observed in case of Et.magnifica. The diameter of the halo in case of salivary protease was
4.36 ± 0.04 mm and in midgut 3.94 ± 0.06 mm respectively (Table 11). The protease activity
in oral and midgut of Et.magnifica possibly ensured an active protein digestion at both the
levels (Table 12).

Table 11. Measurement of halo diameter of digestive enzyme (protease) of the salivary-gland (SG) and the midgut (MG) homogenate o i Eterusia magnifica (mean ± SD)

Enzyme

Protease

Enzyme source

Observed value (mm)

Commercial Protease

4.69 ±0,51

Salivary gland (SG) homogenate

4.36 ±0.04

Midgut (MG) homogenate

3.94 ±0.06
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Table 12. Digestive enzyme activity of salivary gland (SG) and midgut (IVIG)-homogenate of Eterusia magnifica (mean ± SD)

Protease activity
(Amount of casein, utilized) (|jg /mg)
Midgut
Salivary gland

Et. magnifica

44.45 ± 0.46 a

43.49 ± 0.22 b

D iffe re n t le tte rs in a row in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n at p> 0 .0 0 1 using t-te s t

The gel diffusion assay of IH.theivora siiowed the protease activity both at salivary and
midgut levels. The diameter of the halo in salivary protease was 3.95 ± 0.06 mm and in
midgut 4.34 ± 0.09 mm respectively (Table 13). Proteolytic enzyme activity was also higher
in midgut than in salivary homogenate (Table 14). The presence of general protease activity
both in salivary gland and midgut of H.theivora indicated that this pest can well utilize the
protein source of the tea leaf.

Table 13. Measurement of halo diameter of digestive enzyme (protease) of the salivary-gland (SG) and the midgut (MG) homogenate of Helopeltis theivora (mean ± SD)

Enzyme

Protease

Enzyme source

Observed value (mm)

Commercial Protease

4.69 ±0.51

Salivary gland (SG) homogenate

3.95 ±0.06

Midgut (MG) homogenate

4.34 ±0.09
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Table 14. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Helopeltis theivora (mean ± SD)

Protease activity
(Amount of casein, utilized) (|jg /mg)
Midgut
Salivary gland

H.theivora

17.54 ±0.4 a

19.06 ± 0.5 b

D iffe re n t le tte rs in a ro w in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n at p> 0 .0 0 1 using t-te s t

The whole body homogenate of O.coffeae showed presence of protease in the agar gel
plate. The diameter of the halo measured 3.19 ± 0.06 mm (Table 15). The protease activity
was also evident in the whole body homogenate of O.coffeae (Table 16).

Table 15. Measurement of halo diameter of digestive enzyme (protease) of the-whole body homogenate of Oligonychus coffeae (mean ± SD)

Enzyme

Protease

Enzyme source

Observed value (mm)

Commercial protease

4.69 ±0.51

Whole body homogenate

3.19 ±0.06
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Table 16. Digestive enzyme activity of wlioie body homogenate of
-Oligonychus coffeae (mean ± SD)

Protease activity
(Amount of casein, utilized) (pg /mg)
Whole body homogenate
0. coffeae

5.5810.37

5.1.1.3. Lipase

In B.suppressaria amount of lipase was much reduced than other two digestive enzymes.
The quality of lipase measured in case of salivary gland homogenate was 0.0076 ± 0.0002
and in midgut 0.0328 ± 0.0013 meq/min/g of sample respectively (Table 17).

Table 17. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Buzura suppressaria (mean ± SD)

Lipase activity
(Activity meq / min / g sample)
Salivary gland

B.suppressaria

0.0076 ± 0.0002 a

Midgut

0.0328 ± 0.0013 b

D iffe re n t le tte rs in a row in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n a t p> 0 .0 0 1 using t-te s t
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The activity of lipase was observed in both the salivary and midgut homogenate of
Et.magnifica. It measured 0.0043 ± 0.0001 in case of salivary gland and 0.0127 ± 0.0009
(meq/ min/g sample) in midgut respectively (Table 18).

Table 18. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Eterusia magnifica (mean ± SD)

Lipase activity
(Activity meq / min / g sample)
Salivary gland

Et.magnifica

0.0043 ± 0.0001 a

Midqut

0.0127 ± 0.0009 b

D iffe re n t le tte rs in a ro w in d ic a te sign ific a n c e d iffe re n c e of m e a n at p> 0 .0 0 1 using t-te s t

The lipase activity could be detected in H.theivora but at a very low key both in salivary
[0.0314 ± 0.002 milliequivalent (meq) of free fatty acid / min/ g sample] and midgut (0.0524 ±
0.004 milliequivalent of free fatty acid I min/ g sample) homogenate (Table 19).

Table 19. Digestive enzyme activity of salivary gland (SG) and midgut (MG)-homogenate of Helopeltis theivora (mean ± SD)

Lipase activity
(Activity meq / min / g sample)
Salivary gland

i-i.theivora

0.0314 ±0.002 a

Midgut

0.0524 ± 0.004 b

D iffe re n t le tte rs in a ro w in d ic a te s ig n ific a n c e d iffe re n c e o f m e a n a t p> 0 .0 0 1 using t-te s t
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The lipase activity was found to be very low in the whole body homgenate of O.coffeae as
compared with the other major tea pests in question. The amount of lipase occurring was
0.0022 ± 0.0005 milliequivalent (meq) of free fatty acid / min/ g sample (Table 20).

Table 20. Digestive enzyme activity of whole body homogenate of-Oligonychus coffeae (mean ± SD)

Lipase activity
(Activity meq / min / g sample)
Whole body homogenate
0.0022 ±0.0005

O.coffeae
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5.1.2. Discussion on hydrolytic enzymes

Lepidopteran caterpillars are continuous feeders. The presence of food in the midgut is
necessary to stimulate synthesis and secretion of hydrolyic (digestive) enzymes. Digestive
enzymes that participate in primary digestion (cleavage of polymers lii<e protein and starch),
secondary digestion (action on oligomers exemplified by polypeptides and dextrans), and
final digestion (hydrolysis of dimers as dipeptides and disacchrides) can be assayed In gut
compartments. The amylase enzyme cleaves internal bonds of the polysaccharides until it is
reduced to small oligosaccharides or disaccharides. This enzyme plays a key role in
carbohydrate digestion of phytophages. Moreover several insects, especially those similar to
the seed weevils that feed on starchy seeds during larval and / or adult stages, depend on
their alpha amylases for survival (Franco et al., 2002). The larvae of B.suppressaria
consumed younger leaves of upper tier of a tea bush and lived on a polysaccharide-rich
diet, as such depended to a large extent on the effectiveness of its a- amylases for survival.
In case of Et.magnifica, preference of the larvae for mature tea leaves of middle tier of a
bush with relatively lower food quality (than young leaves) (Mukhopadhyay et al., 2001)
called for an effective carbohydrate digestion by salivary as well as migut secretions. Starch
is the main reserve polysaccharide in tea (Banerjee, 1993). The amylase activity found both
in the salivary and midgut homogenate of B.suppressaria indicated greater digestion of
polysaccharides in midgut than its break down at the time of ingestion in the oral cavity
(Table 1, 2) vis-a-vis in Et.magnifica amylase activity almost of equal quantity (Table 3, 4)
ensured similar polysaccharide digestion at salivary and midgut levels. Deficiencies in the
quality of a food resource can be balanced by various mechanisms of nutritional
compensation, as was evident in Et.magnifica that overcame poor food quality by increasing
their feeding period and by effecting better food conversion efficiency (Sarker etal., 2007). A
higher food ingestion by B.suppressaria was possibly due to the nature of softer leaves of a
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high nutritional quality in which the percentage of nitrogen and moisture is more. As was
apparent, the quicker intake of the host leaf by B.suppressaria possibly did not leave much
scope of starch digestion in the oral cavity as compared to the passage of food for a much
longer time in the midgut. This feeding behaviour commensurate with a higher secretion of
amylase in the midgut than in salivary gland. In many insects with chewing mouthparts,
salivary enzymes are mixed with the food during chewing and swallowing, that initiates
digestion. However the midgut usually is the main site of production and secretion of
digestive enzymes, and salivary enzymes in these insects play only a secondary role in
digestion. The higher activity of digestive enzymes like amylase in relation to the amount
food consumption have also been documented by Lazarevic and Mataruga (2003) in 5'^
instar of Lymantria dispar larvae. The amylase activity has also been well established in
insect orders, Lepidoptera and Hemiptera (Mendiola-Olaya et ai, 2000; Zeng and Cohen,
2000 ).

In Hemiptera, the ability to use plant materials as food is much dependent on presence of
specific digestive enzymes include amylases and proteases that are advantageous for
phytophagy (Cohen, 1996; Gopalan, 1976). The plant feeding mirids usually have high
quantity of amylase in their salivary gland complex (Agusti and Cohen, 2000). The
hydrolytic salivary enzymes in mirids may be involved in the liberation of osmotically active
substances into the intercellular space causing an outflow of liquid (containing nutrients) that
would be sucked back by the insect (Miles, 1987). The feeding mechanism of the bugs is
evidently such that most of the enzymes injected into plant sap, play a role in digestion in
the gut (Baptist, 1941; Nuorteva, 1954; Hori, 1970b; Miles, 1972). The present study
showed that the H.theivora had enhanced levels of amylase in the salivary gland and midgut
that possibly implied an effective digestion of leaf starch both extraorally and after ingestion.
Complete breakdown of starch probably took place in the midgut where an increased
amount of amylase existed (Table 5, 6). Similar results were also observed in the
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hemipteran bug. Eurygaster integriceps by Kazzazi et al. (2005). Mirids use their digestive
enzymes througli tlie salivary canal to liquefy food into nutrient-rich slurry (Miles, 1972; Hori,
2000; Wheeler, 2001). The food slurry is ingested through the food canal and is passed into
alimentary canal where it is further digested and absorbed (Cohen, 2000). Hence the
presence of hydrolyzing enzyme in the salivary gland of H.theivora may be responsible for
initial breakdown and dissolution of plant tissue facilitating penetration of the stylets and
removal of the cell contents, whereas the amylase in the

midgut may help

further

breakdown of carbohydrates though luminal digestion.
The a-amylases are hydrolytic enzymes that are widespread in nature. These enzymes
catalyze the hydrolysis of a-D-(1, 4)-glucan linkage in starch components, glycogen ahd
various other related carbohydrates (StrobI et al., 1998; Franco et al., 2000). In O.coffeae
the adults, nymphs and larvae actively feed on mature leaves. Since the tea leaf contains
large quantities of starch, the presence of amylase enzyme in O.coffeae is of great
significance in host plant utilization (Table 7, 8).

In a similar finding, amylase mediated

hydrolysis of starch is also reported in stored-product mites (Bowman and Childs, 1982;
Bowman, 1984).
In unprocessed tea, protein makes upto 20% of the dry weight (Mulky, 1993). The protease
activity in oral as well as midgut of B.suppressaria ensured an active protein digestion at
both the levels (Table 9, 10). For sequestration and digestion of protein from plant food
active role of proteases is essential in most cases protein in diet is the limiting factor for
optimal growth of insects (Bernays and Chapman, 1994). The digestive proteases catalyze
the release of peptides and amino acids from dietary protein which are found most
abundantly in the midgut region of the insect digestive tract (Jongsma and Bolter, 1997). In
case of B.suppressaria the midgut protease activity was significantly higher than that of the
salivary gland whereas in Et.magnifica almost equal protease activity in oral and midgut
regions ensured an active protein digestion at both the levels. Nevertheless a slightly higher
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protease activity in salivary secretion of Et.magnifica possibly ascertains a better digestion
of the available protein of mature tea leaves in the oral cavity followed by that in the midgut
(Table 11, 12). Lenz et al. (1991) have identified the proteinases and peptidases from the
intestinal tract of fifth instar larvae of Heliothis zea.

Midgut protease activity was also

evident in caterpillars of pierid butterflies (Lecadet and Dedonder, 1966; Broadway, 1989),
pyralids (Larocque and Houseman, 1990) and noctuid moths (Ahmad etal., 1980; Teo etal.,
1990). Deficiency in the quality of food obtained from mature tea leaves (compared to young
leave) is balanced by various mechanisms of nutritional compensation as is evident in
Et.magnifica. Poor food quality was possibly overcomed by increase in their feeding period,
better food conversion efficiency and higher digestive protease activity both in oral as well
as midgut levels (Sarker et al., 2007).
The presence of protease activity both in salivary gland and midgut of H.theivora indicated
that this pest can well utilize the protein source of the tea leaf (Table 13, 14). In an earlier
study, protease was detected in Helopeltis corbisieri (Kumar, 1970), and subsequently, the
protease was found responsible for extra-intestinal digestion in Lygus disponsi (Hori,
1970a). Proteolytic activity has also been detected in salivary glands of mirid bugs such as
Lygus rugulipennis (Laurema et al., 1985), Creontiades dilutus (Colebatch et al., 2001) and
Ragmus importunitas (Gopalan, 1976). The feeding biology of Heteroptera is a remarkable
integration of morphological, behavioural and physiological adaptations that lend themselves
to feeding diversity and efficiency (Miles, 1972; Cohen, 1990). Heteropteran workers lament
the lack of a thorough understanding of heteropteran feeding habits, especially that of
Miridae (Wheeler, 2001).In general, heteropterans are known to use their digestive enzymes
through the salivary canal to liquefy food into nutrient-rich slurry (Miles, 1972; Hori, 2000;
Wheeler, 2001). The food slurry is ingested through the food canal and is passed into
alimentary canal where it is further digested and absorbed (Cohen, 2000). As the mirid,
H.theivora causes serious damage to tea leaves resulting in cessation of growth, curl up and
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die back, the phenomenon may largely be related to the occurrence of the hydrolyzing
enzymes in its salivary glands.
The protease activity was also found in the whole body homogenate of O.coffeae (Table 15,
16). O.coffeae that attacked the mature tea leaves, containing upto 20% protein (Mulky,
1993), possibly could well utilize the protein sources of the leaf with help of the protease
enzymes.

Similar studies showed that the mite extracts contained a variety of active

enzymes including trypsin, chymotrypsln (Stewart eta!., 1992).
The activity of lipase in all the pests In question was much reduced than other two digestive
enzymes. In B.suppressaria the lipase activity is relatively higher than that of Et.magnifica
both at salivary and midgut levels (Table 17, 18). This is possibly due to the feeding
preference of the former on young tea leaves in which lipid is present at an enhanced level
i.e. upto 9% of the dry matter (Roberts, 1974; Mahanta ef a/., 1985). The lipase activity has
also been reported in the mldgut of Manduca sexta (Rubiolo ef a/., 2000) and Spilosoma
obliqua (Anwar and Saleemuddin, 1997).
Lipase is also reported to occur in heteropterans at large (Nuorteva, 1954; Bronskill et al.,
1958; Feir and Beck, 1961). While in H.theivora a very low activity of lipase was registered
(Table 19), the enzyme was found to be absent in the mirid bug, Lygus sp. However in the
saliva of heteropteran predators lipases commonly occur to digest storage lipids localized in
the fat body and reproductive system of the prey (Cohen, 1995), it may also be involved in
enlargement of pore size in the protein-lipid layer of plasma membrane of the host cells
(Branton, 1969).
The lipase activity was low in O.coffeae possibly because they attacked the mature leaves
that contained low lipid (Table 20). As the literature is scanty, information on biochemistry of
the lipase activity of O.coffeae is not available, but in case of predatory mites, salivary
secretion contains the digestive enzymes including lipases to liquefy the prey (Legendre,
1978).
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The present study on feeding biology and digestive enzyme activities revealed different
strategies of the two folivores to exploit two qualities of tea leaves (young and mature).
Et.magnifica appeared to have a better adaptive flexibility than that of B.suppressaria
because of its greater efficiency in converting both ingested and digested food (Sarker et a!.,
2007). The results showed that in the B.suppressaria larvae the amylase, protease and
lipase activity was higher in the midgut than that of the salivary gland. This indicated the
possibility of this species of leaf chewer to better utilize the starch, protein and lipid rich diets
through its midgut digestive enzymes,

in Et.magnifica larvae, the amylase activity was

found to be almost equal in the saliva and gut, implying similar starch digestion at foregut
and midgut levels. The protease activity was found to be higher in salivary secretion which
possibly ensured a better breal<down of protein content of the mature tea leaves in the
foregut region. The lipase activity was lower in Et.magnifica than that of B.suppressaria
which possibly was related to the feeding activity of the former on the mature tea leaves of
the lower hamper containing low lipid.
The two sucking pests, H.theivora and O.coffeae showed different quantity of digestive
enzymes. The former bug dispensed its digestive enzymes through the salivary canal to
liquefy leaf tissue into nutrient-rich slurry.

The food slurry was then ingested and was

passed into alimentary canal for further digestion and absorbtion. In O.coffeae amylase,
protease and lipase activity was much lower than that of the H.theivora. This might be
related to the nature of feeding and quality of food consumed. These mites chiefly fed on the
protoplasm of the epidermal tissue of mature tea leaves that in general contained low
amount of all the three basic nutrients (Banerjee, 1993).
Lepidopteran larvae and plant sucking pests have been the subjects of study as they cause
severe economic loss to tea crop. Nothing much was known till date about the place
occurrence (saliva/gut), and quantity of digestive enzymes of the chewing caterpillar stages
of B.suppressaria and Et.magnifica, and the sucking pests like IH.theivora and O.coffeae. An
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understanding of the levels and function of digestive enzymes is essential in designing
methods of insect control based on enzyme inhibitors and transgenic plants (Bandani et al.,
2001; Ghoshal et al., 2001; Maqbool et al., 2001). For developing these strategies, it is
imperative to have a fair understanding of the target pests’ feeding biology besides
biochemistry and physiology of feeding. The present findngs throw-up future research
opportunities in non-conventional control of the four pests in question, based on digestiveenzyme inhibitors and other host-piant resistance strategies. Such strategies may prove
useful in developing IPM-programme of tea.
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5.2.1. Results of oxidoreductases of the four arthropod tea pests

5.2.1.1. Catalase

Insects and mites possess a battery of oxidoreductases of which catalase, peroxidase and
polyphenol-oxidase perform important catabolic functions. Catalase assay was found to be
almost similar both in salivary and midgut homogenate in B.suppressaria (Fig. 7).
Considering the difference in OD, catalase assay was showed marginally higher in salivary
gland homogenate as compared to that of midgut.

Fig. 7 Catalase assay of the salivary gland (SG) and the midgut (MG) homogenate of-B.suppressaria observed at an interval of 10 sec
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Almost similar catalase assay was detected in the salivary gland and midgut homogenate of
Et.magnifica (Fig. 8).

Fig. 8 Catalase assay of the salivary gland (SG) and the midgut (MG) homogenate of-Et.magnifica observed at an interval of 10 sec
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Catalase in salivary gland homogenate of H.theivora initially showed more activity as
compared to that of midgut (Fig. 9). But after about 140 sec the enzyme activities became
as low as that of midgut homogenate.

Fig. 9 Catalase assay of the salivary gland (SG) and the midgut (MG) homogenate of-H.theivora observed at an interval of 10 sec
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In case of O.coffeae the catalase was detected in the whole body homogenate

(Fig. 10). The curve indicated a higher initial activity followed by low key at a later stage.
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Fig. 10 Catalase assay of the whole body homogenate of O.coffeae
observed at an interval of 10 sec
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5.2.1.2. Peroxidase

The peroxidase was found to be active in both the salivary and midgut level of
B.suppressaria (Fig. 11). The salivary gland homogenate showed less activity than that of
the midgut throughout the period of observation.

Fig. 11 Peroxidase assay of the salivary gland (SG) and the midgut (MG)
homogenate of S.suppressar/a observed at an interval of 10 sec
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In case of Et.magnified the peroxidase was present both in salivary and midgut homogenate
(Fig. 12). The mIdgut activity was higher at the initial phase, where as in saliva it increased
in the later stage.

Fig. 12 Peroxidase assay of the salivary gland (SG) and the midgut (MG)
homogenate of Et.magnifica observed at an interval of 10 sec
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Similar and overlapping peroxidase assay was recorded both in the salivary and midgut
homogenate of H.theivora (Fig. 13).
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Fig. 13 Peroxidase assay of the salivary gland (SG) and the midgut (MG)-homogenate of H.theivora observed at an interval of 10 sec
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Peroxidase constitutes an endogenous enzyme of protective systems (EEPS). The whole
body homogenate of O.coffeae showed a fair activity of peroxidase (Fig. 14) that increased
with time function.

Time (seconds)

Fig. 14 Peroxidase assay of the whole body homogenate of O.coffeae-observed at an interval of 10 sec
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5.2.1.3. Polyphenol-oxidase

Polyphenol-oxidase could not be apparently detected both in the saliva and midgut tissue
homogenate of B.suppressaria (Fig. 15).
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Fig. 15 Polyphenol-oxidase assay of the salivary gland (SG) and the midgut (MG)
homogenate of B.suppressaria observed at an interval of 10 sec
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In case of Et.magnified polyphenol-oxidase was detected in both saliva and midgut
homogenate. At most of the time polyphenol-oxidase In the midgut showed a higher level
than that of the salivary homogenate (Fig.16), nevertheless, the latter showed an ever
increasing trend during the period observation.

Fig. 16 Polyphenol-oxidase assay of the salivary gland (SG) and the midgut (MG)
homogenate of Et.magnifica observed at an interval of 10 sec
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In H.theivora level of polyphenol-oxidase assay was apparently more in the midgut than in
the saliva (Fig.17).
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Fig. 17 Polyphenol-oxidase assay of the salivary gland (SG) and the midgut (MG)-homogenate of H.theivora observed at an interval of 10 sec
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In case of O.coffeae polyphenol-oxidase assay was detected in whole body homogenate

(Fig. 18). The curve showed a gradual rise in the activity at the initial stage followed by
stable state during the period of observation.

Fig. 18 Polyphenol-oxidase assay of the whole body homogenate of O.coffeae-observed at an interval of 10 sec
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5.2.2. Discussion on oxidoreductases
Antioxidant enzymes that are present in tiie gut lumen of caterpillars mainly scavange the
oxidative component of the ingested phenolic compounds (Barbehenn and Martin, 1994;
Barbehenn et ai, 1996). A variety of antioxidant enzymes protect caterpillar tissues and
extracellular fluids from oxidative damage. Among the most widely studied enzymes that
counteract reactive oxygen, catalase is well established (Barbehenn, 2002). The diminution
of peroxidase activity and removal of hydrogen peroxidase by catalase are important
adaptations to leaf feeding (Felton and Duffey, 1991). The catalase assay of B.suppressaria
was found to be marginally higher in salivary gland homogenate as compared with the
midgut homogenate (Fig. 7). As this enzyme is involved in inhibiting the action of plant
phenolics besides removing of toxic hydrogen peroxide, an active blocking of these oxidants
possibly takes place at the salivary gland level followed by that at gut level. In larvae of
Et.magnifica almost similar catalase assay was observed both at salivary and midgut levels
(Fig, 8) indicating by and large similar defensive strategy like that of the B.suppressaria. The
secretion of catalase in salivary fluid during insect feeding was suggested to be potential
mechanism for reducing hydrogen peroxide formation and for overcoming plant defense
chemicals. Catalase assay has been detected in midgut tissues and salivary secretion of
several lepidopteran pests of tomato plant, and its enhanced activity in the midgut was
recorded in the larvae of Helicoverpa zea, Spodoptera exigua, Manduca sexta and Heliothis
w'rescens (Felton and Duffey, 1991).
Of the oxidoreductase enzymes, catalase present in salivary gland homogenate of
H.theivora initially showed more activity as compared to that of midgut (Fig. 9). Catalase in
the saliva has the ability to prevent the formation of plant protective compounds such as
quinone (Laurema and Varis, 1991). The salivary gland of the hemipteran bug, Eoscarta
carnifex is found to contain high level of catalase which is known to inhibit plant peroxidase
(Rodman and Miller, 1992). Thus the salivary and midgut catalase in H.theivora may be of
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importance in also scavenging the plant peroxidase and thereby suppressing the host
defence.
In O.coffeae the catalase was detected in whole body homogenate (Fig. 10), could possibly
remove the toxic hydrogen peroxide and thus inhibit the oxidation of plant phenolics to
quinone and other compounds of plant defence.
Besides catalase, saliva of insect herbivores is also known to contained oxidative enzymes
like peroxidase (Felton and Eichenseer, 1999). In B.suppressaria, the peroxidase in salivary
gland homogenate showed less quantity than that of the midgut, (Fig. 11) which indicated
that more plant phenolic compounds were oxidized in midgut than in the oral cavity by
saliva. In Et.magnifica the peroxidase quantity in the midgut was higher at the initial phase
(Fig. 12), than that in saliva. This possibly implied that oxidation of phenolic compound in
the midgut occurred at an enhanced level than that in the foregut region by saliva.
Peroxidases in conjuction with hydrogen peroxide is able to oxidize a variety of defensive
phytochemicals (Miles, 1999) thus making host plants more acceptable as food. As an
example of such anti-defence mechanism the salivary regurgitate of Leptinotarsa
decemlineata was noted to contain high amont of peroxidase (Steinite et al, 2004).
In H.theivora the peroxidase assay was found to be similar both in the salivary and
midgut homogenate (Fig. 13) thus indicating the oxidative activity as a defence measure at
both levels. The oxidoreductases, specially peroxidases, are known to cause phytotoxaemia
as well as detoxification of secondary metabolites of the host plant. Peroxidases use
hydrogen peroxide to oxidize phenols and other aromatic derivatives (Deimann et al., 1991).
These oxidoreductases

have been identified in the salivary secretions of aphid species

(Miles and Peng, 1989; Madhusudhan and Miles, 1993) and these were found to be
involved in overcoming the plant defenses by neutralizing phenolics and their derivatives
(Miles, 1969; (Jrbanska and Leszczynski, 1992). The enzyme peroxidase is also reported to
degrade chlorophyll (Mantile, 1980).

So, the presence of peroxidase in the saliva and

- 90-

midgut of H.theivora possibly enabled the bug to oxidize a wide range of tea plant phenolic
compounds.
In O.coffeae the enhanced peroxidase level (Fig. 14) could possibly minimise the effects of
the toxic products that the mites ingest or experience while colonizing the tea leaves, as has
also been known in case of carmine spider mite, Tetranychus cinnabarinus (Zhang et ai,
2004).
The saliva of insect herbivore shows polyphenol-oxidase activity (Felton and Eichenseer,
1999). Polyphenol-oxidase uses molecular oxygen to catalyze two different types of reaction
that are hydroxylation of monophenols to o-diphenols, and oxidation of polyphenols to
quinones and further to darl< brown or black pigments, melanins (Robinson etal., 1991). The
apparent lack of activity of polyphenol-oxidase in both saliva and midgut homogenate (Fig.
15) indicated that B.suppressaria could possibly use peroxidases as the only enzyme to
metabolize tea phenolics and convert them into less toxic substances. In Et.magnifica
presence of polyphenol-oxidase was detected in both saliva and midgut homogenate (Fig.
16). Polyphenol-oxidase in the saliva showed a higher titer at a later stage over midgut. So
the occurrence of polyphenol-oxidase both in saliva and midgut homogenate of Et.magnifica
enables the species to oxidize a wide range of tea phenolic compounds leading to to
nutralization the defence allelochemicals of the host leaves ingested along with food.
The saliva of most hemipteran insects contained polyphenol-oxidase (Miles, 1972).
In H.theivora level of polyphenol-oxidase was apparently less than that of the peroxidase
(Fig.17). This possibly implies that l-l.theivora depends much on peroxidase than
poylphenol-oxidase to oxidize potentially toxic phenolics already ingested to non-toxic end
products at the midgut. Polyphenol-oxidase occuring in the saliva of aphids (Miles and
Peng, 1989) has been suggested to subserve the function of detoxification of phenolics such
as catechin (Miles, 1985) and other potential toxins in the natural diets (Miles and Peng,
1989). In the healthy plant, phenolics are maintained in the reduced non-toxic state but
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when ingested by an insect, tlie antioxidants in the diet are not renewed and hence
phenolics become free to autoxidize and combine with proteins in the gut. iVloreover, once
plants are attacked by insects, the titre of ingested phenolics may rise due to defensive
reactions of the plant (Peng and Miles, 1988b; Jiang and Miles, 1993).
The small amount of polyphenol-oxidase and peroxidase in the saliva and midgut of
H.theivora (Fig. 17) are able to possibly oxidize a wide range of phenolic compounds with a
double efficiency as far as defence against tea plant phenolic compounds are concerned.
The occurrence of salivary phenolase suggests that the enzyme, whether secreted alone or
along with a substrate, may enable the insects to overcome the natural defences of host
plants (Miles, 1972; Sengupta and Miles, 1975; Urbanska et al., 1998; Peng and Miles,
1988b).
The catalase, peroxidase and polyphenol-oxidase in the salivary glands and midgut
homogenate are important since these are considered by Miles (1964) to counter host
plant’s defence chemicals. Hence the presence of these oxido-reductase enzymes in the
salivary gland and midgut endows H.theivora to become one of the most destructive pests
by depredating of the young leaves and growing shoot of tea specially with a phytotoxic
effect.
In O.coffeae polyphenol-oxidase was detectable in the whole body homogenate (Fig. 18).
Little is known about the polyphenol-oxidase activity of O.coffeae. In this study the
occurrence of high quantity of polyphenol-oxidase in O.coffeae possibly indicated that the
mite could easily overcome the plant defenses by neutralizing toxic phenolics to non-toxic
end products. In Tetranychus cinnabarinusihe enhanced level of phenolases was related to
an increase in their defensive power against toxic substances (Zhang et a!., 2004).
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5.3.1. Results of quantitative assay of detoxifying enzymes of the four arthropod
-tea pests

5.3.1.1. General esterases

General esterase quantity was always significantly higher in the midgut than that in the
salivary gland irrespective of tea clone on which the B.suppressaria were reared or source
of their supply from field or laboratory culture.

Table 21. Quantities of general esterases of B.suppressaria (mean ± SD) reared on-TV 1 and TV 25 variety of tea in laboratory and those exposed to pesticides in field

Esterase quantity

B.suppressaria
[j mol

min

. mg of protein

Salivary gland

Midgut

TV 1 reared

14.39 ± 1.88 aA

51.63 ±1.54 aB

TV 25 reared

20.12 ±1.49 bA

56.62 ±1.07 bB

Pesticide-exposed

32.57 ± 1.62 cA

81.33 ±1.97 cB

Means followed by the different lower case letters in columns and upper case letters in rows are
significantly different at p>0.001 using t-test

in the pesticide-exposed larvae, the salivary and midgut homogenate showed a higher
esterase activity than that of the laboratory-reared ones on two Tocklai clonal varieties (TV 1
and TV 25) (Table 21).
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In Et.magnifica a much enhanced level of the general esterases than that of the pesticideexposed larvae over laboratory-reared ones could be registered (Table 22).

Table 22. Quantities of general esterases of E tm agnifica (mean ± SD) reared on-TV 18 and TV 25 variety of tea in laboratory and those exposed to pesticides in field

Esterase quantity

Et.magnifica

|j m ol" ^. min

. mg of protein

Salivary gland

Midgut

TV 18 reared

19.24 ± 0.34 aA

24.73 ± 0.57 aB

TV 25 reared

19.45 ± 0.42 aA

25.16 ±0.61 aB

Pesticide-exposed

27.40 ± 0.66 bA

32.46 ± 0.43 bB

M eans followed by the different lower case letters In columns and upper case letters in rows are
significantly different at p>0.001 using t-test

Further, significant difference of esterase quantity was observed for salivary gland
homogenate and midgut homogenate of pesticide-exposed and laboratory-reared larvae
with a consistently higher midgut titer.

Comparison of esterase quantity in laboratory-reared (pesticide un-exposed) and fieldcollected (pesticide-exposed) specimens of H.theivora showed that the quantity of esterases
was always significantly higher in the midgut than that in the salivary gland independent of
tea clone on which the Helopeltis were reared (Table 23).
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Table 23. Quantities of general esterases of H.theivora (mean ± SD) reared on-T V 1 and TV 25 variety of tea in laboratory and those exposed to pesticides in field

Esterase quantity

H.theivora

|j m ol' ^. min

. mg of protein

Salivary gland

Midgut

TV 1 reared

1.99 ± 0.84 aA

3.64 ± 0.57 aB

TV 25 reared

2.26 ±0.65 aA

3.94 ± 0.68 aB

Pesticide-exposed

3.67 ±0.61 bA

7.27 ±0.82 bB

M eans followed by the different lower case letters In columns and upper case letters In rows are
significantly different at p>0.001 using t-test

In O.coffeae the whole body homogenate showed a significantly high quantity of general
esterase in the pesticide-exposed populations than that of the laboratory-reared (TV clone
reared) ones (Table 24),

Table 24. Quantities of general esterases of O.coffeae (mean ± SO) reared on-TV clone of tea in laboratory and those exposed to pesticides in field

O.coffeae

Esterase quantity
jj mol

min

. mg of protein

Whole body homogenate
TV clone reared

0.84 ± 0.41a

Pesticide-exposed

3.21 ± 0.96 b

Means followed by the different lower case letters in the column are significantly different at p>0.001
using t-test
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5.3.1.2. Glutathione S-transferases
In B.suppressaria no differences in glutathione S-transferase quantity were found between
tiie laboratory-reared and pesticide-exposed individuals (Table 25).

Table 25. Quantities of glutathione S-transferase of B.suppressaria (mean ± SD)•reared on TV clone of tea in laboratory and those exposed to pesticides in field

B.suppressaria

Glutathione S-transferase quantity
|j m o r \ nnin

. mg of protein

Salivary gland

Midgut

Laboratory-reared

278,75 ±15.64 a

279.37 ± 16.41a

Pesticide-exposed

281.22 ±17.95 a

283.75 ±18.20 a

M eans followed by the sam e lower case letters in the columns are not significantly different

Tlie quantity of glutathione S-transferase in the larvae of Et.magnifica was found to be
similar in both laboratory-reared and pesticide-exposed individuals (Table 26),

Table 26. Quantities of glutathione S-transferase of Et.magnifica (mean + SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field

Et.magnifica

Glutathione S-transferase quantity
p mol “ \ min

. mg of protein

Salivary gland

Midgut

Laboratory-reared

157.50 ±19.72 a

160.60 ± 16.41a

Pesticide-exposed

161.27 ±16.90 a

163.75 ±15.25 a

M eans followed by the sam e lower case letters in the columns are not significantly different
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Glutathione S-transferase quantity was significantly higher in H.theivora that were collected
from the field as compared to laboratory-reared ones (Table 27). The result also suggested
that the midgut homogenate always showed a higher glutathione S-transferase quantity than
the salivary gland.

Table 27. Quantities of glutathione S-transferase of H.theivora (mean ± SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field

H.theivora

Glutathione S-transferase quantity
|j m o l" \ min

. mg of protein

Salivary gland

Midgut

Laboratory-reared

46.25 ± 7.33 aA

75.59 ± 9.04bB

Pesticide-exposed

120.00 ±8.22 bA

179.34 ±7.82 aB

M eans followed by the different lower case letters in columns and upper case letters In rows are
significantly different at p>0.001 using t-test

In O.coffeae the whole body homogenate showed no differences in the quantity of
glutathione S-transferase collected from field and those reared in laboratory (Table 28).
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Table 28. Quantities of glutathione S-transferase of O.coffeae (mean ± SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field
O.coffeae

Glutathione S-transferase quantity
p m o r ’'. min

. nng of protein

Whole body homogenate
Laboratory-reared

59.37 ± 8.96a

Pesticide-exposed

61.87 ± 12.99 a

M eans followed by the sam e lower case letters in the column are not significantly different

5.3.1.3. Acetylcholinesterases

In B.suppressaria aceylcholinesterase quantity in the liomogenate of cerebral ganglia
showed a significant difference between the laboratory-reared and pesticide-exposed
individuals of the field (Table 29).

Table 29. Quantities of acetylcholinesterase of B.suppressaria (mean ± SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field

B.suppressaria

Acetylcholinesterase quantity
p nnorV min

. nng of protein

Homogenate of cerebral ganglia
Laboratory-reared

0.051 ±0.009 a

Pesticide-exposed

0.095 ±0.01 b

Means followed by the different letters in the column are significantly different at p>0.001 using t-test
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The acetylcholiesterase in the homogenate of cerebral ganglia of Et.magnifica showed a
higher quantity of enzyme present in the pesticide-exposed individual than that of the
laboratory-reared ones (Table 30).

Table 30. Quantities of acetylcholinesterase o f Et.magnifica (mean ± SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field

Et.magnifica

Acetylcholinesterase quantity
|j m o l " \ min

. mg of protein

Homogenate of cerebral ganglia
Laboratory-reared

0.053 ± 0.007a

Pesticide-exposed

0.078 ± 0.008 b

M eans followed by the different letters in the column are significantly different at p>0.001 using t-test

In H.theivora the acetylcholinesterase quantity was significantly higher in the specimens
collected from field compared to the laboratory-reared ones (Table 31).
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Table 31. Quantities of acetylcholinesterase of H.theivora (mean ± SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field
H.theivora

Acetylcholinesterase quantity
(j mol - ^. min

. mg of protein

Homogenate of cerebral ganglia
Laboratory-reared

0.050 ± 0.005a

Pesticide-exposed

0.077 ± 0.006 b

M eans followed by the different letters in the column are significantly different at p>0.001 using t-test

The quantity of acetycholiesterase in tlie O.coffeae was significantly liiglier in tine specimens
collected from field compared to the laboratory-reared ones (Table 32).

Table 32. Quantities of acetylcholinesterase of O.coffeae (mean ± SD)-reared on TV clone of tea in laboratory and those exposed to pesticides in field

O.coffeae

Acetylcholinesterase quantity
p m o r \ min

. mg of protein

Whole body homogenate
Laboratory-reared

0.022 ±0.005 a

Pesticide-exposed

0.045 ± 0.007 b

Means followed by the different letters In the column are significantly different at p>0.001 using t-test
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5.3.2. Results of qualitative analysis of detoxifying enzymes of the four arthropod
-tea pests

5.3.2.1. Esterase isozymes

In the salivary gland homogenate of looper, B.suppressaria eight esterase (EST) bands with
relative mobility (Rm) values of 0.332, 0.381, 0.430, 0.458, 0.481, 0.538, 0.672 and 0.684
were observed whereas in nnidgut homogenate, thirteen bands were observed with
valuesof 0.161, 0.184, 0.201, 0.332, 0.381, 0.430, 0.458, 0.481, 0.538, 0.614, 0.632, 0.672
and 0.684. On the basis of relative mobility, the general esterase pherogram appeared in
three groups: fast moving bands (FM or EST-1), slow moving bands (SM or EST-2), and
very slow moving bands (VSM or EST-3). These groups were distinctly separate from one
another (Fig. 19 a, b, c). The first three bands of the VSM group were absent in the salivary
homogenates of all three categories of B.suppressaria populations. In the midgut
homogenates, the VSM group was present as five bands in TV 25-reared and field-collected
ones. However, the first three bands of VSM were not present in the midgut homogenate of
TV 1 reared populations.
Among four SM bands of esterases, bands 1, 2 and 3 were prominent, and were
consistently present both in salivary and midgut homogenates. These appeared deeply
stained and with uniform mobility in all groups of the B.suppressaria populations.
A similar pattern, parallel to TV 25, was observed in field-collected B.suppressaria
populations, in which the bands of VSM, SM and FM were deeply stained, indicating a larger
quantity of esterases (Fig. 19 a, b, c).
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VSM
(EST-3)

SM
(EST-2)

FM
(EST-1)

a ) L oo per re a re d on T V -1

b) L o o p e r re a re d on T V -2 5

c) Field -co llected loo per
(P e s tic id e-e x p o s ed )

SG; Salivary gland homogenate
MG: Midgut homogenate

VSM (EST-3): Very Slow moving bands
SM (EST-2): Slow moving bands
FM (EST-1): Fast-moving bands

Fig. 19 Zymograms of esterases of loopers, B.suppressaria fed and maintained on teaclones (a) TV 1, and (b) TV 25, and from (c) conventional plantations exposed to pesticidesprays (Each lane represents the pherogram of a single looper)
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Comparison of isozyme profiles for laboratory-reared Vth instar caterpillars of Et.magnifica
on two different cultivars of tea (TV 18 and TV 25) showed a common basic pattern. In
Et.magnifica the salivary gland homogenates showed two esterase bands with Rm values of
0.43 and 0.47 whereas midgut homogenates showed eight bands with

values of 0.04,

0.12, 0.22, 0.30, 0.43, 0.47, 0.52 and 0.57. The intensity and number (E S T -1- EST-8) of the
isozyme bands from midgut homogenates were similar in all the individuals (larvae) reared
on TV 18 and TV 25 but in the field-collected larvae all bands were deeply stained indicating
an intensive formation of esterases (Fig. 20 a, b, c)

EST

Lane 1: Salivary gland homogenate
Lane 2 and 3: Midgut homogenate

Fig. 20(a) Tissue specific PAGE profile-of esterase isozymes of Et.magnifica

TV 25 reared: Lane 1: Midgut homogenate
TV 18 reared: Lane 2: Midgut homogenate

Fig. 20(b) Esterase isozymes of Et.magnifica-reared on TV 25 and TV 18
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1

2

3
Lane 1; Salivary gland homogenate
Lane: 2 and 3; Midgut homogenate

Fig. 20(c) Zymograms of Et.magnifica-from pesticide-exposed plantations

The esterase zymograms were developed from salivary, midgut

homogenates of three

discrete populations of H.theivora i.e. i) specimens reared in laboratory on TV 1 and TV 25
clones ii) specimens collected from organic and iii) specimens collected from conventional
plantations. All of them by and large showed a common banding pattern. Two faint esterase
bands were detectable in salivary gland homogenate with low-staining intensity, vis-a-vis in
the midgut homogenates three prominent esterase bands were apparent. These bands were
slow moving, medium slow moving, and fast moving with the

values of 0.16, 0.20 and

0.31 respectively (Fig. 21 a). Esterase bands of the specimens exposed to pesticide sprays,
in conventionally managed tea plantations, showed a higher staining intensity than the ones
either collected from organic plantations (free from synthetic pesticide sprays) or reared in
laboratory (Fig. 21 b).
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Rm values

1
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4

5

0.16
0.20
0.31

Fig. 21 (a) Tissue specific PAGE profile of esterase isozymes of the Helopeltis theivora
Salivary gland homogenate

Midgut homogenate

TV 1 reared; Lane 1

TV 1 reared; Lane 4

TV 25 reared; Lane 2

TV 25 reared; Lane 3, 5

1

2

3

Fig. 21 (b) Zymograms of esterase isozymes of midgut homogenate Helopeltis theivoracollected from various sources
Lane 1; Organic plantation
Lane 2; Pesticide-exposed plantation
Lane 3; Laboratory-reared specimens on TV 1 tea clone
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Results of analysis of esterase bands on polyacrylamide gel showed that the pesticideexposed female O.coffeae possessed 3 major co-migrating bands (EST-1. EST-2, EST-3)
whereas the pesticide unexposed female O.coffeae possessed only one (EST-1). Major
esterase band with

value of 0.264 (EST-1) was present both in pesticide-exposed and

unexposed female mites (Fig. 22). On close inspection of lanes, two additional bands were
apparent in pesticide-exposed female [R^ values 0.3403 (EST-2) and 0.4833 (EST-3)].
These bands (EST-2,

EST-3) were however absent in the unexposed female O.coffeae

(Fig. 22)

EST-1
EST-2

EST-3

Pesticide-exposed

Pesticide unexposed

Fig. 22 PAGE profile of esterase isozymes of the Oligonychus coffeae (female)
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S.3.2.2. G lutathione S-transferase isozym es
In B.suppressaria no band formation of glutathione S-transferase was observed both in
laboratory-reared and pesticide-exposed populations.
The phoregrams of gel electrophoresis of Et.magnifica also did not show any band formation
of glutathione S-transferase both in laboratory-reared and pesticide-exposed ones.
The glutathione S-transferase banding pattern of H.theivora when reared in

laboratory

showed a single low-intensity band with a Rm value 0.098 vis-a-vis field-collected specimens
registered a parallel band with high intensity at both salivary and midgut homogenates (Fig.

23).

0.098

Fig. 23 Zymogram of glutathione S-transferase isozyme of midgut homogenate of H.theivora
(bands appear as transparent negative impression)
Salivary gland homogenate

MIdgut homogenate

Laboratory-reared: Lane 2

Laboratory-reared: Lane 4

Pesticide-exposed: Lane 1

Pesticide-exposed: Lane 3
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In O.coffeae polyacrylamide gel electrophoregram did not show any glutathione Stransferase band both in laboratory-reared and pesticide-exposed individuals.

S.3.2.3. A cetylcholinesterase Isozym es

The

electrophoregram

developed

from

the

homogenate

of

cerebral

ganglia

of

B.suppressaria showed formation of a single band (Rm value 0.168) (Fig. 24). The bandintensity was notably high in the pesticide-exposed specimens and low in laboratory-reared
ones.

1

2

0.168

Fig. 24 Zymogram of acetylcholinesterase developed from homogenate of cerebral ganglia-of B.suppressaria
Homogenate of cerebral ganglia of specimens:
Laboratory-reared; Lane 1
Pesticide-exposed: Lane 2

- 108-

The zymogram of acetylcholinesterase developed from the homogenate of cerebral ganglia
of Et.magnifica indicated a single band formation (Rm value 0.073) (Fig. 25). The intensity of
band was higher in pesticide-exposed specimen in comparison with the laboratory-reared
ones.
1

2
T■ *

>

..........

-

0.073

Fig. 25 Zymogram of acetylcholinesterase developed from homogenate of cerebral ganglia-of Et.magnifica
Homogenate of cerebral ganglia of specimens:
Laboratory-reared: Lane 1
Pesticide-exposed: Lane 2
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r

f
0.13

Fig. 26 Zymogram of acetylcholinesterase developed from the homogenate of cerebralganglia of H.theivora
Laboratory-reared: Lane 1
Pesticide-exposed; Lane 2

Electrophoregram pattern of acetylcholinesterase of H.theivora showed a single band
formation (Rm value 0.13) (Fig. 26). The band-intensity was notably high in the pesticideexposed specimens and low in unexposed ones.
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Fig. 27 Zymogram of acetylcholinesterase isozyme of whole body homogenate of-O.coffeae
Laboratory-reared: Lane 1
Pesticide-exposed: Lane 2

The acetylcholinesterase bands on polyacrylamide gel showed that the pesticide-exposed
female O.coffeae possessed 3 major bands whereas the pesticide unexposed female
O.coffeae possessed only one. Major acetylcholinesterase band with Rm value of 0.1 was
present both In pesticide-exposed and unexposed female mites (Fig. 27). Close inspection
of lanes showed two additional bands were apparent in pesticide-exposed female (Rm
values 0.18 and 0.28). These bands were however absent in the unexposed female
O.coffeae.

- I l l

-

5.3.3. Discussion on detoxifying enzymes
The extent to which insects can metabolize and thereby degrade toxic or otherwise
detrimental chemicals is of considerable importance to their survival in a chemically
unfriendly environment. While all insects probably possess detoxifying capacity, the mode,
mechanism and amount can be expected to vary among species, with developmental stage,
and with the nature of the insect’s immediate environment. Studies on detoxication
processes in insects have revealed the versatility in their adaptation to the changing
environment. This is largely mediated by the process of induction in which a chemical
stimulus of the environment enhances the activity of the detoxication system by the
production of additional enzymes (Terriere, 1984).
Esterases have been implicated as detoxifying enzymes responsible for insecticide
resistance in a number of species. In many cases the implication has come from
biochemical tests comparing the esterase activity of resistant and susceptible insects using
substrates such as a-napthyl acetate (Hughes and Raftos, 1985). An enhanced metabolism
by esterases is a major mechanism for countering pesticide stress that has been detected in
lepidopterans (Beeman and Schmidt, 1982). In the present study the general esterase
quantity was always significantly higher in the midgut than that in the salivary gland
independent of tea clone on which B.suppressaria were reared or place of their collection
i.e. field or laboratory (Table 21). The quantity of general esterases of B.suppressaria
tangibly differed when reared on two different Tocklai varieties of tea, namely TV 1 (an early
release) and TV 25 (a relatively late release), and it was also found significantly higher in
pesticide-exposed specimen (Table 21).
Isozyme analysis have been applied to identify species, biotypes and host-specific
populations in many insects such as aphids, egg parasitoids {Trichogramma spp.) and
others (Loxdale and Hollander, 1989). In the present study, zymograms of esterases failed
to show major differences in banding patterns, except for three additional VSM bands which
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were present in the midgut jiomogenate of the B.suppressaria populations reared on TV 25
and the field-collected ones (Fig. 19 a, b, c). Mullin and Croft (1983) found large differences
in general esterase activity of Tetranychus urticae on snapbean varieties, ranging from 0,4
fold on a mint to 2.4-fold on umbellifers. Moreover, herbivorous insects metabolize and
detoxify insecticides using the same set of enzymes that are involved in the metabolism of
ingested plant allelochemicals (Brattsten, 1979; Ahmad eta!., 1986).
The VSM (EST-3) and SM (EST-2) bands of B.suppressaria showed intense staining in the
pesticide-exposed field specimens collected from conventional plantation. Such band
intensity may be related to greater pesticide tolerance of B.suppressaria populations {vis-avis resistance). In a similar finding, higher midgut esterase activity has been reported in the
pesticide-exposed lepidopteran pest, Plutella xylostella (Mohan and Gujar, 2003), along with
a higher activity of slow moving esterases bands (Maa and Liao, 2000). Resistant aphids
display a high level of non-specific esterase activity represented by intense esterase bands
(Ono et a!., 1994) as is evident in maiathion resistant P.xylostella (Maa and Chuang, 1983;
Doichuanngam and Thornhill, 1989). The VSM (EST-3) bands appeared to be crucial in
utilizing relatively recent tea clone (TV 25) and for development of greater pesticide
tolerance/ resistance in B.suppressaria populations. So the occurrence and intensity of VSM
and SM bands can be used as markers in screening the populations of the pest on one
hand for their trophic relation to a tea cultivar as well as on the other hand for their pesticide
resistance / tolerance status.
Metabolic resistance to organophosphorous compounds in insects is mainly due to
quantitative

and/or

qualitative

differences

in

carboxylesterases

(Hemingway

and

Karunaratne, 1998). In many examples of esterase-mediated insecticide resistance, the
resistant insects display high levels of non-specific esterase activity as it has been found in
case Et.magnifica where quantity of esterase in the midgut homogenate was significantly
higher than that of salivary gland homogenate irrespective of tea clones; and the pesticide-
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exposed larvae showed a higher esterase quantity than the laboratory-reared ones (Table
22 ).

A significantly high band activity of the general esterases in the pesticide-exposed
Et.magnifica larvae over un-exposed ones, possibly was indicative of a greater esterasebased detoxifying activity in the former larvae (Fig. 20 a, b, c).
The higher nnidgut esterase activity was reported in Plutella xylostella exposed to pesticides
by Mohan and Gujar (2003). Resistant insects display a high level of non-specific esterase
activity represented by intense esterase bands (Ono et a!., 1994), which are evident in
malathion-resistant P.xylostella (Maa and Chuang, 1983; Doichuanngam and Thornhill,
1989). Further, in peach potato aphid, Myzus persicae, resistance is conferred by
amplification of esterase genes, resulting in the higher production of esterases that can
hydrolyse insecticides (Field etal., 1999).
Two soluble esterase isozymes, designated as EST-3 and EST-4 due to their prominent
presence in the pesticide-exposed larvae of Et.magnifica specimens appeared to be related
to pesticide detoxification. Therefore these bands may be marked as useful indicator in
screening populations of the pest for their resistance / tolerance (Fig. 20 c).
The present study exhibited only minor difference in the activity of general non-specific
esterases between host (clone) specific Et.magnifica populations, as their zymograms failed
to show any major differences in banding patterns (Fig. 20 b). Lack of this variability in
Et.magnifica in natural population may be due to a high interbreeding in the populations
occurring in Darjeeling foothills, Terai and the Dooars areas. A similar absence of major
variation of esterase bands is evident in the populations of “Kissing bug”, Triatoma infestans
due to high interbreeding (Tavares etal., 1998).
So, an understanding of the status of detoxifying enzyme (esterase) of Et.magnifica, as has
been revealed in the present study, would be helpful in future planning of their insecticide
resistance management.
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Carboxylesterases are ubiquitous nonspecific enzymes that hydrolyse an array of diverse
esters of carboxyiic acids. Due to the frequent association of insecticide resistance and
elevated carboxyiesterase activity toward surrogate substrates, detection methodology of
esterase mediated resistance has become increasingly analytical. The napthol-based
esterase assay has been accepted by toxicologists to study the linkage between insecticide
resistance and esterase activity. In this assay, the hydrolysed products of naptholic esters
react with diazo dyes to give a coloured precipitate (a napthyl-diazo complex), and
measured colorimetrically (Abdel-Aal etal., 1992). Among insect species, carboxylesterases
of the Myzus persicae aphid (Devonshire, 1977), Culex pipiens mosquito (Georghiou and
Pasteur, 1980), housefly (Oppenoorth, 1965), brown planthopper(Ozaki and Kassai, 1970),
and tobacco cutworm (Bull and Whiten, 1972) have been studied extensively because of
their involvement in resistance to organophosphates (OP) or other kind of insecticides.
In the present study H.theivora showed that the quantity of esterases was always
significantly higher In the midgut than that in the salivary gland independent of tea clone
(Table 23) as was evident in the peach potato aphid, Myzus persicae that has evolved
resistance to organophosphorous, carbamate and pyrethroid insecticides by producing large
amounts of an enzyme, carboxyiesterase, that both degrades and sequesters these
insecticidal esters (Devonshire and Moores, 1982).
The qualitative study the esterase zymograms, developed from salivary and midgut
homogenates of H.theivora showed a common banding pattern. Two faint esterase bands
were detectable In salivary gland homogenate with low-staining intensity, vis-a-vis three
prominent esterase bands in the midgut homogenate. These bands were slow moving,
medium slow moving, and fast moving (Fig. 21 a, b). Esterase bands of female specimens
exposed to pesticide sprays, in conventionally managed tea plantations, showed a higher
staining intensity than the ones either collected from organic plantations (free from synthetic
pesticide sprays) or reared in laboratory (Fig. 21 b).
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Isozyme forms of Carboxylesterase occur in different tissues (Afimaci et a!., 1986). Tissue
specific expression of esterases related to their functional roles has been recorded in
Triatoma infestans (Tavares et a/., 1998). H.theivora when reared on two different clonal
varieties (TV 1 and TV 25) did not show any major differences in the banding pattern, thus
excluding any major influence of the host-variety on the variation of esterase isozymes in
Helopeltis] in a similar case, lack of host influence has been observed in the fall army worm
where host-plant allelochemicals marginally affected its esterase activity (Yu, 1984),
Direct measurement and quantification of detoxifying enzyme activities in sucking insects is
insufficient. So, in this maiden study on general esterase isozymes of the sucking bug,
H.theivora at different tissue levels a generalized higher midgut esterase activity was found
in specimens from conventional plantations, possibly endowing the bug with a greater
insecticide tolerance {vis-a-vis resistance).
In resistant green bug, Schizaphis graminum, high levels of non-specific and intensely
stained esterase bands were obtained (Ono et ai, 1994). Myzus persicae has been reported
to develop resistance to organophosphate, carbamate and synthetic pyrethroids insecticides
through an increased amount of esterases (Sawicki et ai, 1978; Devonshire and Moores,
1982). In the above case, esterase-based resistance was conferred either by gene
amplification or enhanced gene expression. Amplification of esterase genes, often in
combination with altered gene regulation results in the production of more esterases that
hydrolyze insecticides (Field and Devonshire, 1998; Field et ai, 1999). Therefore, the high
staining intensity of esterase bands observed in the present zymograms could reasonably
be due to greater production of esterases meant for hydrolyzing the insecticides to which the
l-i.theivora was exposed in the conventional tea plantations (Fig. 21 b). In sheep blow fly,
Lucilia cuprina, esterase band (EST-3) was present both in susceptible and resistant forms,
but the esterase activity was higher in resistant forms due to amplification of esterase genes
(Hughes and Raftos, 1985). Similar banding patterns (Rm values) of esterases of H.theivora
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populations from Darjeeling foothills, Dooars and laboratory-reared samples indicate stability
of esterase loci and absence of genetic variability. Lack of such genetic variability for
esterase loci is also known in the populations of “Kissing bug”, Triatoma infestans due to
high interbreeding (Tavares etal., 1998).
So, the isozyme pattern of esterases and their banding intensity in various H.theivora
populations provide a knowledge base and state of art for screening the tea mosquito bug
populations of different tea plantations as regard to their insecticide tolerance / resistance
status.
Differences in the amount of esterase activity between two strains of the same insect
species

is considered

an

indicator of relative sensitivity to certain

insecticides.

Subsequently, various biochemical assays have been used for insect populations as
possible indicators or insecticide resistance (Brown and Brogdon, 1987). One of the enzyme
assays uses a-naptyhyl acetate (a-NA) as a model substrate for general esterase activity in
a wide variety of insects (Devonshire, 1977; Ferrari et ai, 1993). Either high a-NA activity or
extra enzyme bands stained with a-NA have been associated with resistance (Lalah et al,
1995). In the present study the general esterase quantity in the whole body homogenate
significantly differed between the conventional (pesticide-exposed) and laboratory-reared
(pesticide unexposed) female O.coffeae (Table 24).
Results of analysis of esterase bands on polyacrylamide gel showed that the pesticideexposed female O.coffeae possessed 3 major co-migrating bands (EST-1, EST-2, EST-3)
whereas the pesticide unexposed female O.coffeae possessed only one (EST-1). Major
esterase band (EST-1) was present both in pesticide-exposed and unexposed female mites
(Fig. 22). Two additional bands (EST-2 and EST-3) were apparent in pesticide-exposed
female contrastingly were absent in the unexposed female O.coffeae (Fig. 22).
Ethlon is an organophosphate used as mitlcide in tea. Its high LCso value indicates, its least
toxicity to O.coffeae when compared with synthetic pyrethroid (fenproperthrin) (Sahoo et al.,
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2003). This implies tliat O.coffeae has developed resistance I higher tolerance to ethion.
Elevated esterase activity is known to be involved in organophosphate resistance in Aphis
gossypii (Owusu et a i, 1996). Further, different band numbers and varying esterase
intensities on PAGE are evident in resistant, as compared to susceptible strains of the mite,
Tetranychus urticae (Capua et ai, 1990; Sundukov et a!., 1989). Kuwahara (1984) related
malathion resistance of Tetranychus kanzawai to increased esterase activity at EST-3 and
EST-4 bands. In the present study a maiden attempt is made to evaluate non-specific
(general) esterases of female O.coffeae occurring in tea plantations that are sprayed by
synthetic pesticides and those occurring in unsprayed plantations.
It may be interpreted from the present findings that enhance quantity of esterases as well as
the additional bands (isozymes) of O.coffeae of the conventional plantation are possibly
involved in the detoxification of synthetic acaricides and insecticides. Further, such
enhancements must be endowing the pesticide-exposed mites to have a greater pesticide
tolerance I resistance. In a similar finding Yang et a i (2002) cited high general esterase
activity in pyrethroid resistant strains of Oligonychus pratensis and T.urticae and inferred
that esterases may be involved in the detoxification and /or sequestration of pyrethroid
insecticides in these mites. Elevated general esterase activity has been reported in
bifenthrin-resistant silverleaf white fly, Bemisia argentifolii (Riley et ai., 2000) and several
other pyrethroid-resistant insects (Delorme et a!., 1988; Lee and Clark, 1996; Zhao et ai,
1996). The practical significance of the present finding may be realized in designing a
method for easy detection of the pesticide resistance / tolerance status of O.coffeae using
esterases. Moreover, preparation of a database on the status of the red spider populations /
strains from Darjeeling foothills and plains shall be useful in deciding upon the future
strategy of resistance management of the pest.
The glutathione S-transferases (GST) are the large family of multifunctional enzymes
involved in the detoxification of a wide range of xenobiotics including insecticides (Salinas
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and Wong, 1999). GSTs prinnarily catalyse the conjugation of electrophillic compounds with
the thiol group of reduced glutathione (GSH), generally making the resultant products more
water soluble and excretable than the non-GSH conjugated substrates (Habig et a!., 1974).
Glutathione S-transferases are important in phase I metabolism of organophosphorous and
organochlorine compounds and play a significant role in resistance to these insecticides
(Clark and Shamaan, 1984). Many studies have shown that insecticide resistant insects
have elevated levels of GST activity in crude homogenates, suggesting the possible role of
GSTs in insecticide resistance (Armstrong and Suckling, 1990). In B.suppressaria no
significant difference in the quantity of glutathione S-transferase was observed in laboratoryreared specimen and pesticide-exposed ones (Table 25). In the qualitative assay, no band
formation in PAGE was detected both in laboratory-reared and pesticide-exposed ones thus
suggesting absence of any role of GST in pesticide detoxification in this species.
In case of Et.magnifica the quantity of GST was found to be similar both at laboratoryreared as well as pesticide-exposed individuals (Table 26). The phoregram of gel
electrophoresis failed to show any formation of GST band thus indicating that GST was less
likely to be important in the detoxification of insecticides in this pest species.
In H.theivora significantly high glutathione S-transferase quantity in specimens from the
field-collected population as compared to laboratory-reared specimens (Table 27)
convincingly suggested that GST might be involved in detoxification of pesticides besides
esterases in the field specimens. The role of GST in the degradation of xenobiotics and in
development of organophosphate resistance has been reported in Plutella xylostella (Ku et
al., 1994) and housefly (Motoyama and Dauterman, 1975; Clark and Dauterman, 1982).
With regard to GST banding pattern in PAGE, laboratory-reared specimen showed a single
low-intensity band with a Rm value 0.098 vis-a-vis field-collected specimens registered a
parallel band with high intensity (Fig. 23). Several insecticide resistant strains of housefly
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have been reported to have elevated GST activity in crude homogenates against
organophosphates (Clark etal., 1986).
In O.coffeae no significant difference in the quantity of glutathione S-transferase was
observed in laboratory-reared specimen as well as those exposed to pesticide in the field
(Table 28). The zynnogrann of GST did not show any band formation both in laboratoryreared specimen as well as in pesticide-exposed ones. These suggested that the metabolic
enzyme like glutathione S-transferases were less important in the detoxification of
insecticides. In a similar finding, the two spotted spider mite, Tetranychus urticae also failed
to show the involvement of GST in detoxification of insecticides (Yang et a!., 2002).
Acetylcholinesterase (AChE) is a key enzyme that terminates nerve impulses by catalyzing
the

hydrolysis

of

the

neurotransmitter

acetylcholine

in

the

nervous

system.

Organophosphorous insecticides, target AChE and irreversibly inhibit the enzyme by
phosphorylating a serine hydroxyl group within the enzyme active site (Wang et al., 2004).
In the present study the quantity of acetylcholinesterase in the homogenate of cerebral
ganglia of B.suppressaria showed a significant difference between the laboratory-reared and
pesticide-exposed ones (Table 29). The zymogram of the acetylcholinesterase of
B.suppressaria showed a single band formation with a higher intensity in the pesticideexposed larvae as compared to the laboratory-reared individuals (Fig. 24). The difference in
the AChE quantity of the pesticide-exposed larvae clearly indicated a higher concentration
of AChE molecules in the exposed larvae. Based on the finding that a high level of AChE
occurs in the pesticide-exposed larvae we might predict that a different mechanism may be
associated with resistance. A large number of available catalytic sites may bind and
scavenge toxic molecules, still leaving enough free AChE for proper functioning of the
nervous system.

In Et.magnifica the quantity of acetylcholinesterase was significantly

higher in pesticide-exposed individuals than in the laboratory-reared ones (Table 30). In a
similar finding, high acetylcholinesterase activity was also observed in the head of the
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German cockroaches resistant to pesticides (Park and Kamble, 2001). The PAGE analysis
also showed single AChE band formation in both the laboratory-reared and pesticideexposed individuals with a higher band intensity in the former (Fig. 25).
Many studies have revealed that organophosphate (OP) and carbamate insecticides act by
inhibiting acetylcholinesterase in vertebrates and invertebrates (Aldridge and Reiner, 1972;
Silver, 1974; Devonshire, 1975b; Oppenoorth, 1985; Siegfried and Scott, 1990). AChE is an
important regulatory enzyme responsible for the termination of synaptic nerve impulse
transmission in cholinergic nerve synapses in animals. In insects, AChE is the target site of
organophosphate and carbamate insecticides immobilizing the formers’ function and
causing death of the exposed insect (Eto, 1974). In H.theivora it was also evident that
quantities of acetylcholinesterase that bind with the organophosphates and carbamates,
was significantly higher in the specimens collected from field compared to the laboratoryreared ones (Table 31). Electrophoregram pattern of acetylcholinesterase also indicated the
band-intensity was notably high in the pesticide-exposed specimens and low in unexposed
ones (Fig. 26). So, enhanced occurrence of this enzyme, even at band level, speaks for
development of a greater tolerance in the H.theivora populations that are exposed to
pesticide spray in plantations. In a similar finding higher level of acetylcholinesterase was
recorded in the resistant strains of red scale {Aonidiella aurantii) (Levitin and Cohen, 1998).

Smissaert (1964) was the first to demonstrate that resistance of the spider mite Tetranychus
urticae to organophosphorous compounds was related to a structural change in AChE that
rendered an enzyme less sensitive to OP compounds. Since this original observation,
resistance mechanism based on the insensitivity of AChE to OP and carbamate insecticides
has been documented in a variety of insect pests (Byrne et al., 1994; Devonshire and
Moores, 1984; Hama, 1976; Zhu et al., 1996). Additional mechanism of OP resistance in
other arthropod pests were related to metabolic detoxification by glutathione S-transferases
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(Armstrong and Suckling, 1988; Fournier etal., 1987) and nonspecific esterases (Abdel-Aal
et a!., 1992, Dary et al., 1990; Zliu and Brindley, 1992). An interesting mode of insect
resistance demonstrated in aphids and mosquitoes is apparently mediated via extensive OP
binding to higin levels of circulating non-cholinergic esterases. Amplification of genes
encoding detoxifying esterases were associated with resistance to OP compounds in aphids
(Field etal., 1988) and mosquitoes (Mouches et al., 1986).
In the present study, the quantitative and qualitative analysis of the whole body homogenate
of O.coffeae, as evident from the Table 32 and Figure 27, showed that the quantity of
acetylcholinesterase in the pesticide-exposed specimen was significantly higher as
compared with the laboratory-reared ones. In a similar finding the involvement of
acetylcholinesterase

in

resistance

of

California

red

scale,

Aonidiella

aurantii to

organophosphorous pesticides showed that the resistant strains of Hulda and Shiller were
higher as compared to the susceptible laboratory strain (Levitin and Cohen, 1998).
Detoxification enzymes are important determinants of growth and survival in herbivorous
insects (Brattsten, 1979). These enzymes metabolize plant allelochemicals and insecticides.
Characterizing and understanding the mechanisms of induction and regulation of the
enzymes are important for development of successful pest management strategies. Many
enzymes involved in detoxification pathways act on broad array of substrates, including both
naturally occurring plant allelochemicals and synthetic pesticides (Gordon, 1961). Therefore,
physiological response of herbivores to host plants may lead to enhanced metabolism of
pesticides because mechanism of detoxification of host-plant allelochemicals may also be
effective in detoxifying pesticides (Yang et al., 2001). These implications and interaction of
host chemicals, pesticides and the detoxifying enzymes have to be thoroughly understood
before planning management of pesticide-resistant / tolerant pest populations in tea.
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5.4.1. Results of inhibition tests of isozymes for detection of insecticide
resistance I tolerance status of the four arthropod tea pests

5.4.1.1. Midgut esterase isozymes
In Buzura suppressaria

thirteen midgut esterase bands were detected on native PAGE in

all the laboratory-reared larvae and those collected from conventional tea plantation
exposed to the pesticide spray in the field (field-collected). Bands of VSM (EST-3), SM
(EST-2) and FM (EST-1) were deeply stained in the field-collected B.suppressaria [Fig. 28b
(I)] when compared with those of the laboratory-reared one [Fig. 28a (I)]. When subjected to
organophosphate, Quinalphos (1:400) (v/v) inhibition, the EST-2 and EST-3 esterase bands
were partially or not inhibited while EST-1 was almost inhibited in all the pesticide-exposed
larvae [Fig. 28b (ii)] vis-a-vis the esterase bands completely disappeared (inhibited) in the
laboratory-reared larvae after inhibition treatment [Fig. 28a (ii)].

Laboratory-reared

Field-collected

VSM
(EST-3)

SM
(EST-2)

FM
(EST-1)

Fig. 28a (i) Reference

(ii) Treated: Inhibited

b (i) Reference

(ii) Treated: Partially inhibited

Fig. 28a Esterase bands of midgut homogenate of (i) laboratory-reared B.suppressaria with
(ii) complete inhibition of esterase bands after 30 min incubation with organophosphate
b Esterase bands of midgut homogenate of (i) pesticide-exposed B.suppressaria with
(ii) lack of inhibition of esterase bands after 30 min incubation with organophosphate
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In Eterusia magnified midgut homogenates of Vth instar larva showed eight bands. The
intensity and number (EST-1-EST-8) of the isozyme bands from midgut homogenates were
similar in all the individuals (larvae) reared on laboratory [Fig. 29a (i)] but in the fieldcollected larvae all bands were deeply stained indicating an intensive formation of esterases

[Fig. 29b (i)]. After organophosphate inhibition treatment no major inhibition of bands were
apparent in pesticide-exposed larvae [Fig. 29b (ii)] while in laboratory-reared individual, all
esterase bands were inhibited [Fig. 29a (ii)].

Laboratory-reared

Field-collected

EST

7
6

Fig. 29a (i) Reference

(ii) Treated: Inhibited

b (I) Reference

(ii) Treated: no major inhibition

Fig. 29a Esterase bands of midgut homogenate of (i) laboratory-reared Et.magnifica with
(ii) complete inhibition of esterase bands after 30 min incubation with organophosphate
b Esterase bands of midgut homogenate of (i) pesticide-exposed Et.magnifica with
(ii) lack of inhibition of esterase bands after 30 min incubation with organophosphate
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The midgut homogenates of Helopeltis theivora showed three prominent esterase bands.
These bands were slow moving, medium slow moving, and fast moving. Esterase bands of
the specimens exposed to pesticide sprays showed a higher staining intensity [Fig. 30b (i)]
than the ones reared in laboratory [Fig. 30a (i)]. After inhibition test with organophosphate
the pesticide-exposed specimen showed no apparent inhibition [Fig. 30b (ii)] and bands
disappear in the laboratory-reared ones [Fig. 30a (ii)].

EST

Laboratory-reared

Fig. 30a (i) Reference

(ii) Treated: Inhibited

Field-collected

b (I) Reference

(ii) Treated: no major inhibition

Fig. 30 a Esterase bands of midgut homogenate of (i) laboratory-reared H.theivora with
(ii) complete inhibition of esterase bands after 30 min incubation with organophosphate
b Esterase bands of midgut homogenate of (i) pesticide-exposed H.theivora with
(ii) lack of inhibition of esterase bands after 30 min incubation with organophosphate
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Polyacrylamide gel electrophoresis showed that the whole body homogenate of pesticideexposed female Oligonychus coffeae collected from plantations possessed 3 major esterase
bands (EST-1, EST-2 and EST-3) [Fig. 31b (i)] whereas the laboratory-reared showed only
one (EST-1) [Fig. 31a (i)]. The bands (EST-2, EST-3) were however absent in the
laboratory-reared female O.coffeae. Esterases of both the individual was sensitive to
organophosphate. At 1:400 volume/ volume field application doses, the esterase band
inhibited in laboratory-reared ones [Fig. 31a (ii)] and almost no inhibition of bands in
pesticide-exposed one [Fig. 31b (ii)].

Field-collected

Laboratory-reared

EST

1
2

Fig. 31a (i) Reference

(ii) Treated: Inhibited

b (i) Reference (ii) Treated: no inhibition

Fig. 31 a Esterase bands of whole body homogenate of (i) laboratory-reared O.coffeae with
(ii) complete inhibition of esterase bands after 30 min incubation with organophosphate
b Esterase bands of whole body homogenate of (i) pesticide-exposed O.coffeae with
(ii) lack of inhibition of esterase bands after 30 min incubation with organophosphate
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5.4.1.2. Acetylcholinesterase from cerebral ganglia
Zymogram of acetylcholinesterase (AChE) developed from homogenate of cerebral ganglia
of Buzura suppressaria showed formation of single band. The band-intensity was notably
high in the pesticide-exposed specimens collected from conventional plantation (field) [Fig.

32b (i)] and low in laboratory-reared ones [Fig. 32a (i)]. After organophosphate inhibition
test the AChE band disappear in laboratory-reared specimen [Fig. 32a (ii)] vis-a-vis partial
/or no effect in the band intensity in pesticide-exposed one collected from field [Fig. 32b (ii)].
Laboratory-reared
1

Flg. 32a (I) Reference

Field-collected

2

3

(ii) Treated: Inhibited

b (I) Reference

4

(ii) Treated: no inhibition

Fig. 32. Electrophoregram of acetylcholinesterase developed from homogenate of cerebral
ganglia of B.suppressaria
Homogenate of cerebral ganglia of specimens:
Lane 1: Laboratory-reared
Lane 2: Laboratory-reared with organophosphate inhibition
Lane 3: Collected from conventional plantation (field: pesticide-exposed)

Lane 4: Collected from conventional plantation (field: pesticide-exposed) with organophosphate
inhibition
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Electrophoregram of acetylcholinesterase developed from the homogenate of cerebral
ganglia of Eterusia magnifica showed single band formation. In pesticide-exposed specimen
collected from conventional plantation (field) [Fig. 33b (i)] the band intensity was higher than
the laboratory-reared ones [Fig. 33a (i)]. Organophosphate inhibition test showed no
inhibitory effect in field-collected (pesticide-exposed) larvae [Fig. 33b (ii)] but band
disappear in laboratory-reared one with the same doses of organophosphate [Fig. 33a (il)].

Field-collected

Laboratory-reared
1

Fig. 33a (I) Reference

3

2

(ii) Treated: Inhibited

4

b (I) Reference (ii) Treated; no inhibition

Fig. 33. Electrophoregram of acetylcholinesterase developed from homogenate of cerebral
ganglia of Et.magnifica
Homogenate of cerebral ganglia of specimens:
Lane 1: Laboratory-reared
Lane 2: Laboratory-reared with organophosphate inhibition
Lane 3: Collected from conventional plantation (field: pesticide-exposed)

Lane 4: Collected from conventional plantation (field: pesticide-exposed) with organophosphate
inhibition
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The single acetylcholinesterase band intensity was notably high in pesticide-exposed
Helopeltis theivora collected from field [Fig. 34b (i)] as compared with laboratory-reared
ones [Fig. 34a (i)]. In the pesticide-exposed individuals the activity zone could not be
inhibited by the field-applicatlon dose [Fig. 34b (ii)] of organophosphate but band was
disappear in laboratory-reared ones [Fig. 34a (ii)].
Laboratory-reared
1

Field-collected

2

3

4

■3BT

Fig. 34a (I) Reference

(ii) Treated: Inhibited

b (i) Reference (ii) Treated: no inhibition

Fig. 34. Electrophoregram of acetylcholinesterase developed from homogenate of cerebral
ganglia of H.theivora
Homogenate of cerebral ganglia of specimens:
Lane 1: Laboratory-reared
Lane 2: Laboratory-reared with organophosphate inhibition
Lane 3: Collected from conventional plantation (field: pesticide-exposed)

Lane 4: Collected from conventional plantation (field: pesticide-exposed) with organophosphate
inhibition
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Three major acetylcholinesterase band was detected in the pesticide-exposed female
Oligonychus coffeae collected from conventional plantation (field) [Fig. 35b (i)] whereas
laboratory-reared ones possessed only one [Fig. 35a (I)]. Field-application dose of
organophosphate showed no inhibition of band in pesticide-exposed specimen [Fig. 35b (il)]
while in the laboratory-reared one the band was inhibited by organophosphate [Fig. 35a (ii)].

Field-collected

Laboratory-reared
1

2

K
Fig. 35a (i) Reference (ii) Treated: Inhibited

b (i) Reference

(ii) Treated: no inhibition

Fig. 35. Electrophoregram of acetylcholinesterase isozyme of whole body homogenate of
O. coffeae
Lane 1: Laboratory-reared
Lane 2; Laboratory-reared with organophosphate inhibition
Lane 3: Collected from conventional plantation (field: pesticide-exposed)

Lane 4: Collected from conventional plantation (field: pesticide-exposed) with organophosphate
inhibition

-

130

-

5.4.2. Discussion on resistance I tolerance status of the four pests

Detection of the status of resistance / tolerance to pesticides is very much necessary for
management of pests and also for minimizing the development of further resistance to
pesticides. Detection methods need to be simple, provide reproducible results, and simulate
field treatment conditions as closely as possible (Walker et a!., 1973). The monetary and
human costs of resistance are difficult to assess, but loss of pesticide effectiveness almost
invariably entails increased application frequencies and doses and finally, more expensive
replacement compounds, as new pesticides become increasingly more difficult to discover,
develop, register and manufacture (Metcalf, 1980). Therefore it is essential to develop
strategies to delay or minimize the probability of resistance evolution. This will be possible
only if resistance monitoring is considered which is essential for insecticide and acaricide
resistance management (Dennehy and Granett, 1984). Resistance is often based upon
increased enzymatic detoxication of an insecticide (Brown and Brogdon, 1987). The
development of quantitative and qualitative techniques for measuring enzyme activity in
individual insects is becoming important for several reasons. Insecticide resistance
management depends on the ability to measure resistant, as well as susceptible strain, in
order to guide decisions on pesticide use and evaluate the effects of strategies designed to
avoid or delay the development of resistance (Brent, 1986; Knight and Norton, 1989).
Monitoring of resistance in the field populations is clearly the method of choice for
understanding the long and short term effects of insecticide use on populations structure
(Brown and Brogdon, 1987).
Increased

esterase

detoxification

is

a

common

mechanism

of

resistance

to

organophosphorous insecticides in insects. In Culex pipiens mosquitoes it is due to the
overproduction of esterases that have a high binding affinity with insecticides and the high
titer of esterases present that serves as

an “insecticide sink” and delays or prevents
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interactions iaetween toxin and target site. Resistance due to this mechanism is called
sequestraticffj and this mechanism mainly act in insects befotK they reach their
acetylcholinesterase target (Cuany et al., 1993; Wheelock et a i, 2005).

Biochemical

mechanisms that confer malathion resistance have been studied in Homoptera (Abdel-Aal et
al., 1990, 1992; Field et al., 1994) and Lepidoptera (Beeman and Schmidt, 1982; Halliday,
1988; Doichuanngam and Thornhill, 1992). In nearly every case in these insect orders, the
resistance are probably mediated by enhanced metabolic detoxification or sequestration
through the increased activity of a malathion-specific carboxylesterase. Despite extensive
use of organophosphate nearly about 64%, in the tea agroecosystem (Sannigrahi and
Talukder, 2003), comparable studies on resistance or tolerance status are lacking in the four
major tea pests in question. Resistance studies of these pests are important in order to carry
out the future management practices and take decisions on pesticide use. PAGE and
inhibition tests for biochemical characterization of esterases from midgut homogenate of
B.suppressaria showed thirteen esterase bands in both pesticide-exposed field (collected
from conventional plantation) and laboratory-reared ones [Fig. 28a, b]. Close inspection of
lanes indicated that the band activity were more intense in the pesticide-exposed larvae
than laboratory-reared ones. When subjected to organophosphate, Quinalphos (1:400) (v/v)
inhibition, the EST-2 and EST-3 esterase bands were only partially inhibited in all the
pesticide-exposed larvae [Fig.28b(ii)] vis-a-vis the esterase bands disappeared in the
laboratory-reared

larvae

after

inhibition

[Fig.28a(ii)].

Partial

inhibition

of

all

the

carboxylesterase bands in the field-collected (pesticide-exposed) larvae in our study,
suggest that all the isozymes of esterase specially EST-2 and EST-3 in B.suppressaria were
probably related to organophosphate resistance or higher tolerance. In a similar finding
overall activity of the esterase enzyme have been positively related with the degree of
resistance / or higher tolerance in the cotton aphid. Aphis gossypii (Saito and Hama, 2000)
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and Myzus persicae (Devonshire and Moores,

where all the carboxylesterase bands

were responsible for organophosphate resistance.
Elevated esterase activity has often been reported as a basis of resistance mechanism of
Blattella germanica (Siegfried and Scott, 1992; Anspaugh et al., 1994). In Et.magnifica the
native PAGE results indicated eight esterase bands in midgut homogenate and these bands
were more intense in^pesticrde-exposed larvae when compared with those oHhe laboratoryreared ones [Fig. 29a, bj. After organophosphate treatment, the EST-3 and EST-4 bands
were not inhibited in pesticide-exposed field larvae [Fig. 29b (ii)], while in laboratory-reared
individual, all esterase bands were inhibited [Fig. 29a (ii)]. It implied that the pesticideexposed larvae showed an overall lower sensitivity to organophosphate possibly due to a
larger amount of esterase present in the exposed larvae. In a similar finding elevated
esterase activity was detected in resistant strains of German cockroaches when compared
to that of the susceptible strain. This may be resulting from an increased catalytic efficiency
or overproduction of esterases through gene amplification or over-expression (Hemingway
and Karunaratne, 1998). In the current study, there is no direct evidence to show which
esterase isozymes are involved in insecticide resistance, although EST-3 and EST-4
showed more intense banding patterns in the pesticide-exposed field larvae appeared to be
related to pesticide detoxification in Et.magnifica specimens. In a similar finding Lee et al.
(2000) also showed EST-1, EST-5 and EST-7 esterase bands with more intense banding
patterns in the resistant strains of Blattella germanica.
Insecticide breakdown by metabolism is the common mechanism that has evolved to protect
insects. Role of increased esterase activity in resistance was confirmed by enhanced
hydrolysis of several insecticides by the resistant insects such as Myzus persicae
(Devonshire, 1977), Culex quinquefasciatus (Georghiou and Pasteur, 1978) and Musca
domestica (Kao et al., 1984). In the present finding the midgut homogenate of H.theivora
showed three major esterase bands in the pesticide-exposed field specimen with a higher
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staining intensity

[Fig. 30b H}] as connparecl to the much reduced staining intensity in

laboratory-reared ones [Fig. 3Ba ^)]. Esterases of both the categories of specimens

vsspb

sensitive to organophosphate. At 1:400 (v/v), all the esterases were inhibited in laboratoryreared ones [Fig. 30a (ii)] and partial inhibited in pesticide-exposed field individuals [Fig.
30b (ti)]. The results are comparable to the other sucking pests like Aphis gossypii, where all
the bands of carboxylesterase was inhibited by higher dose offenitroxon suggesting that all
the isozymes of carboxylesterase were related to organophosphate resistance (Saito and
Hama, 2000).
The soluble esterases present after separation by native PAGE in the whole body
homogenate of pesticide-exposed female O.coffeae collected from field showed three
esterase bands [Fig. 31b (i)] while the laboratory-reared ones showed only one esterase
band [Fig. 31a (i)]. Esterases of both the individual was sensitive to organophosphate. At
1:400 volume/ volume, the esterase band completely inhibited in laboratory-reared ones
[Fig. 31a (ii)] while almost no inhibition of bands in pesticide-exposed one was observed
[Fig. 31b (il)]. In a similar finding field-collected strain (MR-VL) of Tetranychus urticae
showed enhanced detoxification by increased activity (both quantitative and qualitative) of
esterases, contrastingly the susceptible laboratory strain (LS-VL) showed much less activity
than the former one. More esterases were inhibited in LS-VL strain at 0.04 pM paraoxon in
comparison to MR-VL strain showing an overall lower sensitivity to paraoxon possibly due to
presence of large amount of esterase in the resistant strain (Leeuwen et al., 2005).
Acetylcholinesterase (AChE) terminates nerve impulse by catalyzing the hydrolysis of the
neurotransmitter acetylcholine. It is a key enzyme in the cholinergic insect nervous system.
Insecticides such as organophosphates and carbamates covalently bind to the active site of
AChE and cause the death of the insect (Fournier et al., 1992b). In the present study the
electrophoregrams of acetylcholinesterase (AChE) developed from homogenate of cerebral
ganglia of B.suppressaria and Et.magnifica showed only one AChE band. This result might
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be ccRTBlated with the increased esterase activity in the midgut rromogenate that are able to
hydrotyzE insecticides and which is also protect acetylcholinesterase by offering a large

number of alternative sites of phosphorylation and therefore reduce the amount of OP
available to bind AChE. The inhibition studies with organophosphate at 1;400 (v/v) dose
showed partial/ or no inhibitory effect in the pesticide-exposed field-collected B.suppressaria
and Et.magnifica larvae but the band on organophosphate treatment disappeared in
laboratory-reared ones [Fig. 32a, b; 33a, bj. This indicated that a large number of available
catalytic sites may bind scavenge toxic molecules, still leaving enough free AChE for proper
functioning of the nervous system in pesticide-exposed field larvae. This phenomenon is
well established in the sheep blowfly (Whyard et a!., 1994) and esterase E-4 in Myzus
persicae (Devonshire and Moores, 1982), when treated with malathion.
The band activity of acetylcholinesterase developed from homogenate of cerebral ganglia of
H.theivora and whole body homogenate of O.coffeae showed a higher concentration of
AChE molecules in the pesticide-exposed individuals than the laboratory-reared ones [Fig.
34a, b; 35a, b], AChE of the both the species were apparently sensitive to organophosphate
(Ekalux). At 1:400 (v/v) dose usually recommended in field application, all the AChE bands
were inhibited in laboratory-reared O coffeae and H.theivora but in the pesticide-exposed
individuals the activity zone could not be inhibited by the field application dose showing an
overall lower sensitivity of the organophosphate or indicating the presence of

larger

amount of AChE in the pesticide-exposed individuals. An elevated AChE activity in the
resistant strain of Aonidiella aurantii to organophosphates has been well described by
Levitin and Cohen (1998) where high level of AChE occurs in resistant strains besides a
large number of available catalytic sites of AChE molecules that scavenges toxic molecules,
leaving free AChE for proper functioning of nervous system.
So, in the insecticide inhibition studies with organophosphate, all the pesticide-exposed
specimen of the above mentioned tea pests collected from the field showed partial /or no
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inhibition of esterase bands vis-a-vis all the equivalent bands mostly disappeared in the
PAGE of the latx>ratory-reared speciniEris when treated with the field application doses of
organophosphate. The finding suggests the roie of esterases in pesticide detoxification in
these pest species besides their possibly in endowing these species with a greater
insecticide tolerance or in other word partial resistance.
Theinhibitiorr tests with the same pesticide also showed partiah/orno inbitbn of AChE band
in the pesticide-exposed field individual whereas they disappeared in the laboratory-reared
ones which further confirmed their greater tolerance to organophosphate pesticide in all the
four major tea pests in question.
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