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Introduction

Xenorhabdus, an endosymbiont of Steinernema, has a unique

life cycle causing pathogenicity in the insect host [1, 3]. The

infective juveniles (IJ’s) of Steinernematidae release the

bacterium into the nutrient-rich hemolymph within 5 h of

invasion [4, 31]. The bacteria proliferate and produce a

wide range of toxins, antibiotics, bacteriocins, and hydrolytic

exoenzymes, resulting in a bacterial septicemia and death

of the host within 24-48 h [12, 18]. The bacteria also provide

a suitable nutrient-rich environment for nematode growth

and reproduction. The immature nematode develops in the

IJ’s that again carry away the bacteria, in search of a new

insect host to continue the cycle. A very interesting significant

feature of bacterium Xenorhabdus is that there are two

phenotypic variants, primary (Phase-I) and secondary form

(Phase-II). They differ in their antibiotic production profile,

outer membrane proteins (fimbriae and flagellae), symbiotic

capabilities with nematode partner, and exoenzyme production

potential. The complete genomic analysis of Xenorhabdus

has shown that it has many genes that encode different

toxins, proteases, and lipases [9]. The protease enzyme plays
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Proteases produced by Xenorhabdus are known to play a significant role in virulence leading to

insect mortality. The present study was undertaken to purify and characterize protease from

Xenorhabdus indica, an endosymbiont of nematode Steinernema thermophilum, and to decipher

its role in insect mortality and its efficacy to control Helicoverpa armigera. A set of 10 strains of

Xenorhabdus isolated from different regions of India were screened for protease activity on the

basis of zone of clearing on gelatin agar plates. One potent strain of Xenorhabdus indica was

selected for the production of protease, and the highest production (1,552 U/ml) was observed

at 15-18 h of incubation at 28oC in soya casein digest broth. The extracellular protease was

purified from culture supernatant using ammonium sulfate precipitation and ion-exchange

chromatography. The enzyme was further characterized by SDS-PAGE and zymography,

which confirmed the purity of the protein and its molecular mass was found to be ~52 kDa.

Further MALDI-TOF/TOF analysis and effect of metal chelating agent 1,10-phenanthrolin

study revealed the nature of the purified protease as a secreted alkaline metalloprotease. The

bioefficacy of the purified protease was also tested against cotton bollworm (Helicoverpa

armigera) and resulted in 67.9 ± 0.64% mortality within one week. This purified protease has

the potential to be developed as a natural insecticidal agent against a broad range of

agriculturally important insects.

Keywords: Entomopathogenic nematode, alkaline metalloprotease, Xenorhabdus indica, MALDI-

TOF, Helicoverpa armigera 
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Abstract

β-Glucosidase is an essential part of cellulase enzyme system
for efficient and complete hydrolysis of biomass.
Psychrotolerant Pseudomonas lutea BG8 produced
β-glucosidase with lower temperature optima and hence can
play important role in bringing down the energy requirement
for bioethanol production. To enhance β-glucosidase
production, two statistical tools: Taguchi and Box–Behnken
designs were applied to reveal the most influential factors and
their respective concentration for maximum production of
β-glucosidase under submerged fermentation. The optimal
medium composition for maximum β-glucosidase production
were 2.99% (w/v) bagasse, 0.33% (w/v) yeast extract, 0.38%
(w/v) Triton X-100, 0.39% (w/v) NaNO3, and pH 8.0 at
temperature 30 ◦C. Under optimized conditions, β-glucosidase

production increased up to 9.12-fold (17.52 ± 0.24 IU/g) in
shake flask. Large-scale production in 7-L stirred tank
bioreactor resulted in higher β-glucosidase production
(23.29 ± 0.23 IU/g) within 80 H of incubation, which was
1.34-fold higher than shake flask studies. Commercial cellulase
(Celluclast

R©
1.5L) when supplemented with this crude

β-glucosidase resulted in improved sugar release
(548.4 ± 2.76 mg/gds) from paddy straw at comparatively low
temperature (40 ◦C) of saccharification. P. lutea BG8 therefore
showed great potential for cold active β-glucosidase
production and can be used as accessory enzyme along
with commercial cellulase to improve saccharification
efficiency. C© 2015 International Union of Biochemistry and Molecular
Biology, Inc. Volume 63, Number 5, Pages 659–668, 2016

Keywords: Taguchi experimental design, Box–Behnken design, bioreactor,
saccharification

1. Introduction
Second generation biofuel production has favored global atten-
tion because of the reduced greenhouse gas emissions and high
availability of renewable raw material (biomass) [1]. Lignocel-

Abbreviations: ANOVA, analysis of variance; CFU, colony forming unit;
RSM, response surface methodology..
∗Address for correspondence: Lata Nain, PhD, Division of Microbiology,
ICAR-Indian Agricultural Research Institute, New Delhi-110012, India. Tel.:
+91 11 25847649; Fax: +91 11 25846420; e-mail: latarajat@yahoo.co.in.
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www.wileyonlinelibrary.com.
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DOI: 10.1002/bab.1415
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lulosic biomass mainly composed of cellulose, hemicellulose,
and lignin. In first step of bioethanol production, different pre-
treatments are employed to decrease recalcitrance of biomass
by removing lignin. Subsequently, the cellulose and hemicel-
luloses fractions of pretreated biomass are converted into
respective fermentable sugars during saccharification process,
which relies on costly hydrolytic enzymes. Complete sacchari-
fication requires an enzyme cocktail containing endoglucanase
(EC 3.2.1.4) that cleaves internal β-1, 4 linkages from amor-
phous region of cellulose; exoglucanases (cellobiohydrolases;
EC 3.2.1.91), which catalyze removal of cellobiose from amor-
phous region and most importantly β-glucosidase (β-glucoside
glucohydrolase; EC 3.2.1.21), which produce end product glu-
cose from cellobiose. β-Glucosidase activity is the main limiting
factor during saccharification process and regulates entire
enzymatic hydrolysis process [2].
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