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indicating that host plant 'choice’ affects the digestive physiology of this insect.
Ingestion of plant proteinase inhibitors is known to influence expression of
digestive enzymes. Using reverse zymography technique trypsin and chymotrypsin
inhibitors were detected in herbivore-induced leaves of L. monopetala and P.
bombycina that could inhibit midgut proteinases of A. assamensis. Such
interactions may affect proteolytic digestion in larvae reared on different host plant
species. This work may have significance in quality of silk produced by muga
silkworm, ultimately benefiting the silkworm rearers/industry.
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1. Introduction

Plant proteinase inhibitors (PPI) are well known defense proteins which are induced upon herbivory.
Ingestion of plant proteinase inhibitors is known to influence expression of digestive enzymes.
Literature studies have cited innumerable cases of midgut proteases and PPI interaction in agricultural
pests (1-23). Although midgut proteinases have been widely studied in Lepidopteran pests but little is
known about PPI-gut protein interaction in the economically important silk producing lepidoptera A.
assamensis. A few reports published indicates that PPIs are stable in the alkaline environment of the
gut and can potentially interact with gut proteinases [23-26]. Also, the expression levels of PPIs differed
in A. assamensis larvae when feeding on different host plants. [12,27]. Given below is a schematic
representation of interaction of A. assamensis midgut proteinases and PPIs (Figure:1).
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Figure 1: Schematic representation of A. assamensis midgut proteinases and PPI interaction*.
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Antheraea assamensis Helfer (Vernacular: “Muga”) is famed for the production of superior quality
muga silk. The commercially reared muga larvae produces golden hued thread for which it is much
sought after (Figure 2 a,b). A. assamensis feeds mainly on the leaves of Litsea bombycina (Vernacular:
“Som”) and Litsea monopetala (Vernacular “Soalu”) from Lauraceae (Figure 3 a,b ) although it has a
large number (around 28) of other secondary and tertiary host plants [28,29]. There are no reports of
proteinase inhibitors (PI) from leaves and seeds of Lauraceae family. A first — hand account on presence
of herbivore -induced serine proteinase inhibitor in the leaves of the host plants is reported here.
Knowledge of host plant Pls and their interaction with gut proteinases of A. assamensis would help in
manipulating host plant choice and improving food ingestion by the larvae. The significance of this
work may be manifested in quality of silk produced by this economically important insect, with
potential implication for silkworm rearer’s.

@ (b)

Figure 2 (a) Rearing of A. assamensis larvae at the State Sericulture Board Guwahati, Assam; (b) A.
assamensis cocoon

@ (b)

Figure 3 (a): Three-year old Persea bombycina tree growing at the State Sericulture Board, Guwabhati,
Assam (b) Two-year-old Litsea monopetala sapling growing in University of Delhi, Botanical garden,
Delhi.

2. Materials And Methods
Preparation of A. assamensis midgut homogenates

A hundred larvae from a single egg mass were reared from 1% instar to maturity on P. bombycina var.
Naharapatiya and L. monopetala (commercially favored varieties) of Lauraceae family. A three-year-
old tree of each species growing at the Government Basic Muga Seed Farm, Khanapara, Guwabhati,
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Assam was used. Larvae were reared on all leaves (basal, apical, small and large) of each tree and
collected. Midgut samples were collected during the months of September-December (Katiya Crop).
Midguts of fourth instar larvae of A. assamensis feeding on Persea bombycina and Litsea monopetala
were dissected and homogenized in 100mM Hydrochloric acid (HCI), 100mM N-2-
hydroxyethylpiperazine-N-2-ethane sulphonic acid (HEPES) and 100mM Tris hydroxymethyl- amino
methane (Tris) buffer pH 8.0. The homogenate was centrifuged in an Eppendorf Centrifuge 5415 D
(Eppendorf AG, Hamburg, Germany) at 13,200 rpm for 10 minutes and the supernatant was stored at -
20°C. Total protein was determined by the standard Bradford’s method [30] and the absorbance was
measured at 595nm with a UV VIS Spectrophotometer 119 (Systronic Inc., India). All samples obtained
from larvae reared on P. bombycina will be referred to as AGP1 and all samples obtained from larvae
reared on L. monopetala will be referred to as AGP2.

SDS-PAGE of leaf proteins and gut extracts of A. assamensis incubated with PPIs

Fresh leaves (3-4 cm) of P. bombycina and L. monopetala proximal to those on which larvae were
feeding were collected from the third branch of a tree growing at the Government Basic Muga Seed
Farm, Khanapara, Guwahati (Assam). These were labelled as herbivore-induced leaf samples. Similar
leaf samples were collected from trees on which no larvae had been reared. These were labelled as
uninduced leaf samples. Protein from the de-veined leaves of P. bombycina and L. monopetala were
extracted according to Hirano [31]. In brief, fresh leaves were crushed in liquid nitrogen. 1gm of the
frozen tissue powder was homogenized in 10 ml of homogenizing buffer (0.0625 M Tris-HCI, pH 6.8,
containing 8M urea, 2% SDS, 5% B-mercaptoethanol and 10% sucrose) and heated at 90 °C for 5
minutes. The homogenate obtained was centrifuged at 12,000 rpm for 25 min, and the supernatant used
as experimental sample. Total protein estimation of the samples was done by the method of Bradford
[30]. The Laemmli system [32] was used to separate the proteins according to their molecular weight.
Equal amounts of the crude protein extracts of AGP1 and AGP2 were mixed with STI (5mg/ml) in the
ratio 1:1 and incubated at 37°C. After incubation, the samples were mixed with sample buffer (0.5M
Tris-HCI, pH-6.8, 10% glycerol, 2% SDS, 0.1% bromophenol blue and 3-mercaptoethanol) and boiled
in water for 5-10 minutes. About 15ug of protein was loaded in each well. Controls (with and without
inhibitor) were kept and electrophoresis was carried out at 120V till the dye front reached the bottom
of the gel. The gel was then stained in 0.25% Coomassie brilliant blue solution for 30 minutes and
destained by repeated washing in the destaining solution (45% methanol, 10% glacial acetic acid, 45%
ddH0) for 2 hours until fine bands appear. The gels were viewed under white light.

Reverse zymography for detection of protease inhibitors

Endogenous protease inhibitors are potential key regulators of proteases in living organisms. Reverse
zymography techniques are effective tools for isolating and characterizing natural protease inhibitors
[33-35]. Reverse zymography gels were run as described below. A separating gel was poured,
containing gelatine (10mg/ml), 30% (w/v) acrylamide, 0.8% (w/v) bis-acrylamide, 1.5M Tris pH 8.8,
10% (v/v) SDS (10% APS and TEMED. The stacking gel consisted of a mixture of stock solution of
30% (w/v) acrylamide, 0.8% (w/v) bisacrylamide, and 0.5M Tris-HCI pH 6.8, was cast with combs on
top of the separating gel. The crude protein extracts of the seeds and leaves of P. bombycina and L.
monopetala were prepared according to Hirano and Kanellis et al [31, 36]. Un-induced and herbivore
induced leaf samples were used. The protocol of Hirano [31] has been described in the earlier paragraph.
In the protocol of Kanellis et al [36] 4 ml of the extraction buffer containing 50mM Tris (pH 7.4), 0.02M
NaCl, 20mM NaHCOs3, 20mM MgSO., 10mM EDTA and 5SmM -Mercaptoethanol was added to 1 gm
of grinded seed and leaf tissue of the host plants. The mixture was allowed to stand on ice for 15 minutes
with occasional stirring and the centrifuged at 13, 000 rpm for 20 minutes. The supernatant was used
immediately without addition of exogenous inhibitors for reverse zymography. Equal amount of protein
(20ug) of all the samples were prepared by adding the appropriate non denaturing loading buffer (0.5M
Tris pH 6.8, 10% glycerol, 2% SDS and 0.1% bromophenol blue). The gel was run at 120V for about
90 minutes at 4°C till the dye front reached the bottom of the gel. The gel was washed in 2.5% Triton
X-100 (2-3 times) for 45 minutes with gentle shaking. The gel was incubated overnight at 37°C in A.
assamensis gut extracts containing active proteases reared on P. bombycina (AGP1) and L. monopetala
(AGP2) and with commercially available pure enzyme preparations (bovine trypsin and bovine
chymotrypsin). The gel was stained with 0.5% Coomassie Blue R-250 solution and destained with
methanol and acetic acid until fine dark clear bands appeared.
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3. Results and Discussion

Resistance of heterologous proteinase inhibitors to proteolytic digestion by midgut extracts from
AGP1 and AGP2

There are no reports of proteinase inhibitors (P1) from leaves of Lauraceae family. In order to develop
a technique for identifying PI in leaf tissues of three-year-old trees of Persea bombycina and Litsea
monopetala, several preliminary experiments were conducted. The aim of one such experiment was to
determine if Pls persist in the gut of A. assamensis. If Pls are degraded by insect midgut enzymes, then
the effect of ingesting Pls is unlikely to cause differential expression of the insect digestive enzymes.
Hence, heterologous Pls were added to midgut extracts containing active serine proteinases, for varying
lengths of time. Their persistence in the protease-rich, alkaline environment was monitored by SDS-
PAGE. Figure 4 shows that STI was not degraded when incubated with midgut samples from A.
assamensis reared on P. bombycina (AGP1) and L. monopetala (AGP2) for 20 minutes. Similar results
showing resistance of SBBI and LBTI to midgut proteinases of A. assamensis were observed (not
shown). These results indicated that serine proteinase inhibitors were not susceptible to proteolysis by
midgut enzymes present in A. assamensis.

Figure 4: SDS-PAGE showing resistance of Plant proteinase inhibitors (PPIs) to proteolysis by larval
midgut proteases. Lane 1: High molecular weight protein marker (BioRad Inc., USA), Lane 2: AGP1,
Lane 3: AGP1+STI (5ug/ul), Lane 4: AGP2, Lane 5: AGP2+STI (5ug/ul), Lane 6: P. bombycina leaf
extract, Lane 7: L. monopetala leaf extract.

Detection of serine proteinase inhibitors in seeds and leaves of P. bombycina and L. monopetala
using reverse zymography with mammalian trypsin and chymotrypsin

Published protocols for preparing leaf extracts from P. bombycina and L. monopetala do not yield
discrete bands and do not show up well on SDS PAGE [37]. Hence, two protocols were developed to
obtain relatively intact protein extracts of leaf tissues from the two host plants. The first one was
modified from Hirano [31]; while the second one was modified from Kanellis et al [36]. The main
distinction between the protocols involved the use of 8M Urea in the extraction buffer [31] as compared
to the use of sodium acetate buffer at pH 5 with p mercapto-ethanol Kanellis [36]. The main
modification employed for both buffers involved exclusion of commercially available inhibitor
cocktails usually added to plant extraction buffers. This was logical as the aim of the experiment was
to detect endogenous plant proteinase inhibitors. The Kanellis [36] protocol yielded discernable leaf
protein extracts from the two host species (Figure 4: Lanes 5 and 6). Figure 5 shows reverse zymography
of seed extracts and leaf extracts of P. bombycina and L. monopetala with porcine trypsin and bovine
chymotrypsin. It was interesting to note that the seed extracts prepared by the modified Hirano [31]
protocol yielded results for both plant species. Three bands were visible with the seed extracts (Figure
5 Lanes ‘S’). No results were obtained with the leaf extracts using this protocol. In contrast, an intense
single band was observed with leaf extracts from P. bombycina and L. monopetala with the Kanellis et
al. [36] protocol. As expected, STI used as a positive control was also detected (Figure 5 Lanes ‘C’).
The occurrence of Pls in seeds and leaves of P. bombycina and L. monopetala was thus demonstrated.
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Even though molecular weights cannot be extrapolated from such zymograms, it seemed that the
mobility of trypsin and/ or chymotrypsin Pls detected in the seeds and leaves of each species were
different. On the other hand, mobility of seed Pls of both host plant species were similar in P. bombycina
and L. monopetala. The mobility of leaf Pls were also similar for P. bombycina and L. monopetala.

L S L

() (d)

Figure 5: Detection of plant proteinase inhibitors using reverse zymography (a, b) P. bombycina
herbivore-induced leaf (L) and seed extracts (S) incubated with Bovine Trypsin (BT) and Bovine
Chymotrypsin (BC) respectively, (c, d) refer to same experiments with L. monopetala extracts. Lane C
shows Soybean trypsin Inhibitor (SKTI) as a positive control.

Reverse zymography reveals proteinase inhibitors in un-induced and herbivore-induced leaf
tissues of P. bombycina and L. monopetala.

In order to detect Pls in P. bombycina and L. monopetala that may influence the profile of midgut serine
proteinases when ingested by larval A. assamensis, un-induced (U) and herbivore-induced (HI) leaves
of three-year-old trees were collected. Un-induced leaves were collected from trees on which no
herbivore had fed, while induced leaves collected were proximal to those on which fourth instar larvae
had fed. Equal amounts of leaf extracts prepared in extraction buffer according to Kanellis et al. [36]
were evaluated by reverse zymograms using AGP1 and AGP2 midgut extracts. AGP1 and AGP2
midgut extracts contained trypsin and chymotrypsin [12]. Figure 6 a, b showed the presence of trypsin
and/or chymotrypsin inhibitors in both induced and un-induced leaf extracts from each species. Three
minor bands were seen in un-induced leaf extracts of P. bombycina while a prominent band of low
mobility was seen in induced leaf extracts when incubated with AGP1. In the case of L. monopetala, a
prominent band of low mobility was visible in both un-induced and induced leaf tissues when incubated
with AGP1 and AGP2. It is of course feasible that the un-induced plant of L. monopetala had been
wounded inadvertently and was expressing a wound-inducible Pl. In any case, trypsin and/or
chymotrypsin inhibitors were detected suggesting their possible role in influencing midgut serine
proteinases if and when ingested by A. assamensis larvae. Similar results were obtained with AGP2.
The suggested sizes of induced trypsin and/or chymotrypsin inhibitor (prominent band of low mobility)
were similar for both host plant species. Further studies are required to characterize the Pls in these
plant species induced in response to A. assamensis herbivory.
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Figure 6: Detection of plant proteinase inhibitors using reverse zymography (A) P. bombycina and L.
monopetala herbivore uninduced and induced leaf extracts incubated with AGP1 and (B) refers to the
same samples incubated with AGP2. Lane 1 shows Soybean trypsin Inhibitor (SKTI) as a positive
control, Lanes 2 and 3 are uninduced and induced leaf extracts of P. bombycina, Lanes 4 and 5 are
uninduced and induced leaf extracts of L. monopetala.

In order to determine whether PPIs are stable in the midgut of A. assamensis as reported in [12, 27] and
can also interact differentially with gut proteinases, midgut extracts of AGP1 and AGP2 were incubated
with varying amounts of the inhibitors for different periods of time. Figure 4 shows that STI was
resistant to proteolysis by enzymes in AGP1 and AGP2. This in vitro resistance of STI to proteolysis
suggested that PPIs, if ingested, might persist in the gut and influence gene expression of midgut trypsin
and chymotrypsins in fourth instar A. assamensis feeding on P. bombycina or L. monopetala.

The presence of herbivore-induced PPIs in leaf tissues of P. bombycina and L. monopetala are
unknown. A sole report of a cysteine proteinase inhibitor is available from the fruit tissues of Avocado,
Persea americana [36]. In order to determine the presence of PPIs, techniques were developed to isolate
intact proteins from tanniferous, mucilaginaous leaf extracts of P. bombycina and L. monopetala and to
detect inhibitors of serine proteinases using reverse zymography. In the first set of experiments with
reverse zymography, plant proteinase inhibitors resistant to hydrolysis by commercially available pure
porcine trypsin and bovine chymotrypsin were detected in seed and leaf extracts of P. bombycina and
L. monopetala (Figure 5 a,b,c,d). Henceforth, they will be referred to as serine proteinase inhibitors
(SPIs). Two bands were observed in seed extracts of each species, probably representing distinct gene
products or isoforms. Presence of SPI isoforms have been reported from a variety of plants [38-41]. It
was interesting to note that P. bombycina and L. monopetala seed SPIs had similar mobility on these
reverse zymograms. In contrast to the two bands seen with seeds, leaf extracts of both P. bombycina
and L. monopetala contained a prominent single SPI that bound to porcine trypsin and bovine
chymotrypsin. The mobility of the leaf SPI was different from the seed SPI. The occurrence of different
SPIs in different tissues of the same species has been reported earlier [42,43]. On the flip side, same
tissues of different plant species have been known to contain SPIs of similar molecular weight [8,40].
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4. Conclusion

P. bombycina and L. monopetala are sympatric species with similar range [44]. These species of the
Lauraceae family belong to different taxonomic tribes but can support rearing of A. assamensis larvae.
Insects feeding on each species showed differential expression of midgut proteinases, suggesting that
ingested leaf tissues were qualitatively different [12]. This difference may be in the constituent PPIs
that interact with midgut proteinases when ingested. In order to investigate the occurrence of PPIs that
may interact with larval midgut proteinases, leaf extracts were collected from un-induced and herbivore-
induced leaves of each species. Reverse zymograms with these leaf extracts incubated with midgut
extracts from AGP1 and AGP2 containing trypsin and chymotrypsin were compared (Figure 6 a, b). In
un-induced leaf samples of P. bombycina, three bands of PPIs or their isoforms were indicated. In
contrast, the herbivore-induced samples contained a prominent band indicating up-regulation of a single
PPI or de novo synthesis of a wound-inducible PPI. In L. monopetala no differences were observed
between the un-induced and herbivore induced samples but this may be due to the fact that the plants
from which the samples were collected were unknowingly induced! It is particularly interesting that the
mobility of herbivore-induced leaf PPI in P. bombycina resembled a PPI from L. monopetala. In turn,
the mobility of herbivore-induced PPI detected in both species by reverse zymography with AGP1 and
AGP2 midgut enzymes resembled the mobility of SPI observed in reverse zymograms with purified
trypsin and chymotrypsin, suggesting that the PPIs seen in Figure 5 a,b were SPIs. These results
suggested that (i) SPIs were present in leaves of P. bombycina and L. monopetala that could bind to
midgut serine proteinases of A. assamensis (ii) mobility of leaf SPIs in P. bombycina and L. monopetala
were similar and that (iii) at least one SPI in each species was wound —inducible and responded to
herbivory. Further research into the isolation, sequencing and characterization of inhibitors from P.
bombycina and L. monopetala is required.

Acknowledgement

I thank Mr. Nagen Boro, farmhand and Mrs. Niru Saikia technical officer, State Sericulture Board,
Guwahati, Assam for providing practical insight on aspects of sericulture and sample collection. Online
design tool ‘Canva’(canva.com) used for figure 1.

References:

1. Ryan, CA. Proteinase inhibitors in plant leaves: a biochemical model for pest-induced natural plant protection.
Trends in Biochemical Science. 1978 July; 3(3): 148-150. https://doi.org/10.1016/S0968-
0004(78)90098-1

2. Ryan, CA. Insect-induced chemical signals regulating natural plant protection responses. In: Denno RF,
Mcclure MS (Editors). Variable plants and herbivores in natural and managed systems. New York,
Academic Press, 1989.p. 43-60.

3. Ryan, CA. Proteinase inhibitors in plants: genes for improving defenses against insects and pathogens. Annual
Review Phytopathology. 1990 Sep; 28: 425-449,
https://doi.org/10.1146/annurev.py.28.090190.002233

4. Laskowski M, Kato I. Protease inhibitors of proteinases. Annual Review Biochemistry. 1980 July; 49: 593-
626. https://doi.org/10.1146/annurev.bi.49.070180.003113

5. Valueva TA, Mosolov VV. Protein inhibitors of proteinases in seeds: 2. Physiological functions. Russian
Journal of Plant Physiology.1999; 46: 379-387.

6. Lawrence PK, Koundal KR. Plant protease inhibitors in control of phytophagous insects. Electronic Journal
of Biotechnology. 2002 April; 5 (1): 93-109.

7. Mello GC, Oliva MLV, Sumikawa JT, Machado OLT, Marangoni S, Novello JC, Macedo MLR. Purification
and characterization of a new trypsin inhibitor from Dimorphandramollis seeds. Journal of Protein
Chemistry. 2001 Nov; 20(8): 625-632. https://doi.org/10.1023/a:1013764118579.

8. Christeller J, Liang W. Plant serine protease inhibitors. Protein and Peptide Letters. 2005 July; 12(5): 439-
447. https://doi.org/10.2174/0929866054395329

9. Fan S-G, Wu G-J. Characteristics of plant proteinase inhibitors and their application in combating phytophagus
insects.  Botanical  Bulletin  of  Academia  Sinica. 2005 Oct; 46: 273-292.
https://doi.org/10.7016/BBAS.200510.0273

10. Telang MA, Pyati P, Sainani M, Gupta VS, Giri AP. Momordica charantia trypsin inhibitor Il inhibits growth
and development of Helicoverpa armigera. Insect Sci. 2009 Sep; 16(5): 371-379.
https://doi.org/10.1111/j.1744-7917.2009.012609.

11. Migliolo L, de Oliveira AS, Santos EA, Franco OL, de Sales MP. Structural and mechanistic insights into a
novel non-competitive Kunitz trypsin inhibitor from Adenanthera pavonina L. seeds with double
activity toward serine- and cysteine-proteinases. Journal of Molecular Graphics and Modelling. 2010
Sep; 29(2): 148-156. https://doi.org/10.1016/j.jmgm.2010.05.006

12. Saikia M, YT Singh, Bhattacharya A, Mazumdar-Leighton S. Expression of diverse midgut serine proteinases
in the sericigenous Lepidoptera Antheraea assamensis (Helfer) is influenced by choice of host plant

- 66 - Available online at: https://jazindia.com


https://jazindia.com/
https://doi.org/10.1016/S0968-0004(78)90098-1
https://doi.org/10.1016/S0968-0004(78)90098-1
https://doi.org/10.1146/annurev.py.28.090190.002233
https://doi.org/10.1146/annurev.bi.49.070180.003113
https://doi.org/10.1023/a:1013764118579
https://doi.org/10.2174/0929866054395329
https://doi.org/10.7016/BBAS.200510.0273
https://doi.org/10.1111/j.1744-7917.2009.01269
https://doi.org/10.1016/j.jmgm.2010.05.006

species. Insect Molecular Biology. 2011 Feb; 20 (1): 1-13. https://doi.org/10.1111/j.1365-

2583.2010.01048
13. Upadhyay SK, Chandrashekhar K. Interaction of salivary and midgut proteins of Helicoverpa armigera with
soybean trypsin inhibitor. The Protein Journal . 2012 March; 31(3): 259-264.

http://dx.doi.org/10.1007/s10930-012-9402-0

14. Rufino FPS, Pedroso VMA, Araujo JN, Franca AFJ, Rabelo LMA, Migliolo L, Kiyota S, Santos EA, Franco
OL, Oliviera AS. Inhibitory effects of a Kunitz-type inhibitor from Pithecellobium dumosum (Benth)
seeds against insect-pests’ digestive proteinases Plant Physiology and Biochemistry. 2013; 63: 70-76.
https://doi.org/10.1016/j.plaphy.2012.11.013

15. Botelho-Junior S, Machado OLT, Fernandes KVS, Lemos FJA, Perdizio VA, Oliveira AEA, Monteiro LR, et
al. Defense response in non-genomic model species: Methyl jasmonate exposure reveals the passion
fruit leaves’ ability to assemble a cocktail of functionally diversified Kunitz-type trypsin inhibitors and
recruit two of them against papain. Planta. 2014 May; 240(2): 345-356.
https://doi.org/10.1007/s00425-014-2085-3.

16. da Silva DS, de Oliveira CFR, Parra JRP, Marangoni S, Macedo ML. Short and long-term antinutritional effect
of the trypsin inhibitor ApTI for biological control of sugarcane borer. Journal of Insect Physiology.
2014 Feb; 61: 1-7. https://doi.org/10.1016/j.jinsphys.2013.11.012

17. Tamaki FK, Terra WR. Molecular insights into mechanisms of lepidopteran serine proteinase resistance to
natural plant defense. Biochemical and Biophysical Research Communications. 2015 Nov; 467(4):
885-891. https://doi.org/10.1016/j.bbrc.2015.10.049

18. Souza TP, Dias RO, Castelhano EC, Brandao MM, Moura DS, Silva-Filho MC. Comparative analysis of
expression profiling of the trypsin and chymotrypsin genes from Lepidoptera species with different
levels of sensitivity to soybean peptidase inhibitors. Comparative Biochemistry and Physiology. Part
B. Biochemistry and Molecular Biology. 2016 June-July;196-197: 67-73.
https://doi.org/10.1016/j.cbpb.2016.02.007

19. Pandey PK, Singh D, Singh R, Sinha MK, Singh S, Jamal F. Cassia fistula seed’s trypsin inhibitor(s) as
antibiosis agent in Helicoverpa armigera pest management. Biocatalysis Agricultural Biotechnology.
2016 April; 6: 202—-208. http://dx.doi.org/10.1016/j.bcab.2016.04.005

20. Bezerra CDS, Oleviera CT, Macedo MLR. Inga vera trypsin inhibitor interferes in the proteolytic activity and
nutritional physiology of Ephestia kuehniella larvae. Entomologia Experimentalis et Applicata. Aug
2017; 165(2-3): 109-119. http://dx.doi.org/10.1111/eea.12605

21. Clemente M, Corigliano MG, Sebastian A P, Sanchez-L6pez EF, Sander VA, Ramos-Duart VA. Plant Serine
Protease Inhibitors: Biotechnology Application in Agriculture and Molecular Farming. International
Journal of Molecular Science. 2019 March; 20(6):1345. https://doi.org/10.3390/ijms20061345

22.Major IT, Constabel CP. Functional analysis of the Kunitz trypsin inhibitor family in poplar reveals
biochemical diversity and multiplicity in defense against herbivores. Plant Physiology. 2008
March;146: 888-903. https://doi.org/10.1104/pp.107.106229

23.Richardson M. Seed storage proteins: The enzyme inhibitors. Rogers LJ (Editors). Methods Plant Biochem.
New York: Academic Press;1991. p. 259-305.

24.Chen, P.W., Chow, S.H., Chen, L.J., 1997. Nucleotide sequence of a cDNA encoding rice Bowman-Birk
proteinase inhibitor. Plant Physiology. 1997 Feb; 113: 663-665. https://doi.org/10.1104/pp.113.2.663

25. Macedo MLR, Mello GC, Freire MGM, Novello JC, Marangoni S, de Matos GG. Effect of a trypsin inhibitor
from Dimorphandra mollis seeds on the development of Callosobruchus maculatus. Plant Physiology
and Biochemistry. 2002 Oct; 40: 891-898.

26.Macedo MLR, Freire MGM, Cabrini EC, Toyama MH, Novello JC, Marangoni S. A trypsin inhibitor from
Peltophorum dubium seeds active against pest proteases and its effect on the survival of Anagasta
kuehniella (Lepidoptera: Pyralidae). Biochimica et Biphysica Acta. 2003 May; 1621: 170-182.
https://doi.org/10.1016/S0981-9428(02)01441-9

27. Saikia M, Kumar R. Plant proteinase inhibitor and protease interaction during insect pest communication. In:
Plant Pest interactions: From Molecular mechanisms to chemical ecology. Singapore: Springer; 2001.
p. 233-264. http://dx.doi.org/10.1007/978-981-15-2467-7_11

28. Choudhury SN. 1982. Muga Silk Industry. 1st eds. Directorate of Sericulture; Assam: India.

29.Bindroo BB, Singh TS, Sahu AK, Chakravorty R. Muga silkworm host plants. Indian Silk. 2006; 44:12.

30. Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principal of protein-dye binding. Analytical Biochemistry. 1976 May; 74: 248-254.
https://doi.org/10.1006/abi0.1976.9999

31. Hirano H. Varietal differences of leaf protein profiles in mulberry. Phytochemistry.1982; 21 (7): 1513-1518.
https://doi.org/10.1016/S0031-9422(82)85008-5

32. Laemmli UK. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature.
1970 Aug; 227 (5259): 680-5. https://doi.org/10.1038/227680a0

33.Herron GS, Werb Z, Dwyer K, Banda MJ. Secretion of metalloproteinase by stimulated capillary endothelial
cells I. Production of procollagenase and prostromelysin exceeds expression of proteolytic activity.
Journal of Biological Chemistry. 1986 Feb; 261: 2810-2813.

34. Michaud D, Nguyen-Quoc B, Vrain TC, Fong D, Yelle S. Response of digestive proteinases from the Colorado
potato beetle (Leptinotarsa decemlineata) and black vine weevil (Otiorynchus sulcatus) to a

- 67 - Available online at: https://jazindia.com



https://jazindia.com/
https://doi.org/10.1111/j.1365-2583.2010.01048
https://doi.org/10.1111/j.1365-2583.2010.01048
http://dx.doi.org/10.1007/s10930-012-9402-0
https://doi.org/10.1016/j.plaphy.2012.11.013
https://doi.org/10.1007/s00425-014-2085-3
https://doi.org/10.1016/j.jinsphys.2013.11.012
https://doi.org/10.1016/j.bbrc.2015.10.049
https://doi.org/10.1016/j.cbpb.2016.02.007
http://dx.doi.org/10.1016/j.bcab.2016.04.005
http://dx.doi.org/10.1111/eea.12605
https://doi.org/10.3390/ijms20061345
https://doi.org/10.1104/pp.107.106229
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T39-42D2CGD-P&_user=2030552&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=2030552&md5=7294088985fca379a3006fa037691e68#bbib5
https://doi.org/10.1104/pp.113.2.663
https://doi.org/10.1016/S0981-9428(02)01441-9
http://dx.doi.org/10.1007/978-981-15-2467-7_11
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1016/S0031-9422(82)85008-5
https://doi.org/10.1038/227680a0

Zymograms as a Tool to Detect PPIs in Host plants of Antheraea Assamensis

recombinant form of human stefin. Archives of Insect Biochemistry and Physiology. 1996. 31: 451-
464. https://doi.org/10.1002/(sici)1520-6327(1996)31:4%3C451::aid-arch7%3E3.0.c0;2-y

35.Le QT, Katunuma N. Detection of protease inhibitors by a reverse zymography method performed in a Tris
(hydroxymethyl) aminomethane-Tricine buffer system. Analytical Biochemistry. 2004 Jan; 324: 237-
240. https://doi.org/10.1016/j.ab.2003.09.033

36. Kanellis AK, Solomos T, Metha AM, Mattoo AK. Decreased cellulase activity in avocado fruit subjected to
2.5% oxygen correlates with lower cellulase protein and gene transcript levels. Plant & Cell Physiology.
1989 Sep; 30(6): 817-834. https://doi.org/10.1093/oxfordjournals.pcp.a077811

37.Unni BG, Kakoty AC, Khanikor D, Bhattacharya PR, Pathak MG, Pillai K, et al. Lipid and fatty acid
composition of muga silkworm, Antheraea assama, host plants in relation to silkworm growth. Journal
of Lipid Mediators Cell Signalling.1996 May; 13(3): 295-300. https://doi.org/10.1016/0929-
7855(95)00061-5

38.Kim SH, Hara S, Hase S, lkenaka T, Toda H, Kitamura K, Kaizuma N. Comparative study on amino acid
sequences of Kunitz-type soybean trypsin inhibitors, Tia, Tib and Tic. Journal of Biochemistry.1985
March; 98: 435-448. https://doi.org/10.1093/oxfordjournals.jbchem.a135298

39.Koide T, lkenaka T. Studies on soybean trypsin inhibitors, amino-acid sequences of the carboxyl-terminal
region and the complete amino-acid sequence of soybean trypsin inhibitor (Kunitz). European
[40]Journal of Biochemistry. 1973 Feb; 32: 417-431. https://doi.org/10.1111/].1432-
1033.1973.th02623.x

40. Konarev AV, Tomooka N, Vaughan D. Proteinase inhibitor polymorphism in genus Vigna subgenus
Ceratotropis and its biosystematic implications. Euphytica. 2002 Jan; 123, 165-177.
https://doi.org/10.1023/A:1014920309710

41.Bhattacharya A, Mazumdar S, Mazumdar-Leighton S, Babu CR. A Kunitz proteinase inhibitor from
Archidendron ellipticum seeds: purification, characterization and Kinetic properties. Phytochemistry.
2006 March; 67: 232-241. https://doi.org/10.1016/j.phytochem.2005.11.010

42.Jofuku KD, Schipper RD, Goldberg RB. A frameshift mutation prevents Kunitz trypsin inhibitor mRNA
accumulation in  soybean  embryos. Plant  Cell. 1989  April;1(4):  427-435.
https://doi.org/10.1105/tpc.1.4.427

43.Brzin J, Kidric M. Proteinases and their inhibitors in plants: Role in normal growth and in response to various
stress conditions.  Biotechnol Genet Eng Rev.1995 Dec; 13: 421-467 (S-536).
https://doi.org/10.1080/02648725.1996.10647936

44, Kanjilal UN, Bor NL. Flora of Assam. Vol. 4, Omsons publications: New Delhi;1995.

- 68 - Available online at: https://jazindia.com


https://jazindia.com/
https://doi.org/10.1002/(sici)1520-6327(1996)31:4%3C451::aid-arch7%3E3.0.co;2-y
https://doi.org/10.1016/j.ab.2003.09.033
https://doi.org/10.1093/oxfordjournals.pcp.a077811
https://doi.org/10.1016/0929-7855(95)00061-5
https://doi.org/10.1016/0929-7855(95)00061-5
https://doi.org/10.1111/j.1432-1033.1973.tb02623.x
https://doi.org/10.1111/j.1432-1033.1973.tb02623.x
https://doi.org/10.1023/A:1014920309710
https://doi.org/10.1016/j.phytochem.2005.11.010
https://doi.org/10.1105/tpc.1.4.427
https://doi.org/10.1080/02648725.1996.10647936

