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ABSTRACT

The gram-negative bacterium is a Serratia marcescens ; it causes diseases in
vertebrates, invertebrates and human being. Enterococcus faecalis has been isolated
from Galleria mellonella and its toxicity to the same insect has been investigated.
Pseudomonas plecoglossicida has been isolated from the internal organs of the
diseased fish, Plecoglossus altivelis. Also, it has been reported to be causative agents
of fish disease. Here, we isolate the above mentioned bacterial strains from single
host (H. armigera) larvae while rearing the insect under laboratory condition. Their
toxicity assays were performed and found toxic and cause insect death within 20h of
treatment. Among them; S. marcescens found to be the most toxic strain against H.
armigera. Also, we found that the wounded insect body are the only pave to these
bacterial strains to penetrate insect body and cause the toxicity.
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INTRODUCTION

The cutleaf worm Helicoverpa armigera is an important pest of cotton
crop and world-wide causes nearly loses per annum in India alone over 1000
crores, Duraimurugan and Regupathy ,(2005). Workers across the globe are
working to sort out the problem of the insect pest, in which unavailability of
the insect pest throughout the year is the biggest problem. H. armigera was
first colonized in laboratory in the year of 1983 in Australia, Gunning ,(1994).
Following which, the insect is reared in laboratories throughout the world.
Maintaining the insect pest under laboratory conditions is a difficult task.
Several infections such as, NPV viruses have been reported to cause genetic
drift in the laboratory populations of H. armigera pest due to which lab
cultures cannot be maintained for more than six generations, Ballal et al.
(1998). Initially, we have faced difficulties in maintaining H. armigera pest
under laboratory condition. Thus, in the present study, attempts are made to
find out to investigate the cause of mortality in laboratory colonized insects.
We have identified three bacteria namely, Enterococcus faecalis, Serratia
marcescens and Pseudomonas plecoglossicidai in the diseased hemolymph
of the insect. The dyanamics of the growth of the three bacteria was also
studied.

MATERIALS AND METHODS

Insect and bacterial identification

The larvae of H. armigera were collected from the field of Indian
Agriculture Research institute (IARI), New Delhi. The insect larvae were
reared on chickpea semi-synthetic diet throughout the experiments. The
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laboratory condition was 27 + 2 °C with 70-80% humidity and 14:10 (L: D)
photoperiod.

Heavy mortality was being observed in the larval culture, to investigate
the agents responsible for the mortality, the hemolymph of the infected larva
and hemolymph of healthy larva (as negative control) were serially diluted in
1x PBS from 10! to 10° and plated on the TSA plate (pH 7.0) and incubated
for overnight at 37 °C. Bacterial colonies were monitored visually over the
designated period of time. Three different types of colonies on the basis of
colour, texture, shape, size and colony morphology were observed on plates.
These colonies were re-streaked (sub-culture twice) on TSA plate to obtain
pure culture for each three isolates. The single colonies were inoculated in
TS broth (Tryptic Soy Broth) and cultures were stored at -80 °C as glycerol
stock. Total genomic DNA from the cultured bacteria was isolated using
Qiagen genomic DNA kit. 16SrRNA gene were amplified using standard PCR,
Saiki et al. (1988) with Taq polymerase (Toyobo), 10-20 nanogram genomic
DNA as template and the universal primer pair of 20F (5-
AGAGTTTGATCCTGGCTCAG-3) & 1500R (5-
GGTTACCTTGTTACGACTT-3") described by Weisburg et al. (1991).
16SrRNA gene were amplified using following PCR conditions; 95°C for 5
minute, 37 cycles each of 95°C for 30 second, 55°C for 30 second and 72°C
for two minute followed by five minute extension at 72°C. The amplified PCR
product was resolved on 0.8% agarose gel and extracted from the gel using
Qiagen gel extraction kit according to the manufacturer's instructions and
commercially sequenced. After sequencing, all sequences were compiled
using MacVector (version 7.0) software suite (Oxford Molecular Group,
Oxford, UK) and compared to available database entries using BLAST
analysis against NCBI GeneBank.

Colony forming unit (CFU)

In order to count colony forming units (CFU) of each strain, a single
colony of each three strains were inoculated in 5 ml of TSB and incubated at
37°C, 200 rpm for 16 — 18 hours. Well grown cultures of each three strains
were serially diluted in TSB ranging from 102 to 107. 100 pl of each dilution
was spread on solid TSA plate using the glass spreader under sterilizing
condition and incubated at 37°C for 16 — 18 hours. The colonies in each
dilution on plates were counted for CFU in each three strains.

Growth curves of bacteria

10% of the overnight grown culture of each three strains were used as
a starter culture and was inoculated into 50 ml of TSB media and incubated
at 37°C with constant shaking for another 12 hours. The Optical density of
each three strains were measured every 2 hr at Asoonm by using
spectrophotometer (Amersham  Bioscience spectrophotometer). The
measured absorbency was used to study the growth rate of each three
strains.

Antimicrobial sensitive assay

In order to study the susceptibility of these three isolates against
antibiotics, twenty seven discs of different antibiotic types were assayed
against them using Tryptic Soya Agar plates. Two different sterile antibiotic
discs were used viz, octa discs along with individual discs as well. 200pl of
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overnight grown culture of each strain was placed on each TSA plate; it was
rotated and spread by using a sterile and non-toxic cotton swab following the
manufacturer’s instructions. The plates were left for 15-20 min to dry up.
Discs were placed individually carefully on the agar surface with the help of
sterile forceps. Finally the plates were incubated at 37°C for overnight and
the inhibition zones were measured in millimeters (mm). Each zone was
considered sensitive, intermediate or resistant based on corresponding area
given on the results obtained using Mueller Hinton Agar chart. All the above-
mentioned procedures were done under sterilized condition to avoid any kind
of contaminations.
Insect bioassay

In order to know the portal of entry of these three strains into the insect
body and its toxicity to H. armigera pest, different types of insect bioassays
were conducted viz, diet surface treatment, force feeding bioassay, injury
bioassay and injection bioassay. A single colony of each strain was inoculated
in 5ml TSB media and incubated for 16 -18 hr at 37°C using 200 rpm in the
incubator shaker. 100 pl of each 16 -18 hr grown culture was dissolved in 900
pl de-ionized water in eppendorf tube. For injury bioassay, 2ul containing
approx. 500 bacterial cells, was injected into each larva using micro-injector
(KD Scientific) with 30-gauge needle. Four replicates of five larvae each were
used for each strain. For feeding bioassay, the larvae were allowed to feed on
the above-mentioned fresh semi-synthetic diet. The mortality was recorded
after 20, 48 and 72 hr intervals. For injury bioassays, a sterile wound was
made on the cuticle of the second segment of the thorax of the larvae using a
sterile surgical blade and 2 pl of the bacterial solution (that contains approx.
500 cells) was released on the open wound. Three replicates of five larvae
each were used for each bacterial strain. The mortality observation was
recorded 24h after of treatment.

RESULTS

In order to identify the bacterial strains responsible for heavy mortality
in the H. armigera culture, the hemolymph of the infected larvae was streaked
on TSA plates. Three different types of bacterial colonies were observed on
TSA plates. This experiment was repeated several times and the same result
was obtained.

Detailed bioinformatics analysis of these bacteria 16 S rRNA
sequences revealed the similarity of some of the bacteria with other
organism. E. faecalis shows 93% similarity to GenBank Accession number
GQ483456, S. marcescens shows 97% similarity with GenBank Accession
number EF035134 and P. plecoglossicidai shows 99% similarity with
GenBank Accession number DQ140383.

The growth rate of these strains was varied. S. marcescens strain was
the fastest grower, while the E. faecalis was the slowest one (Fig. 1). The
ODsoo of the overnight culture of the above-mentioned strains was 0.58 for E.
faecalis, 2.30 for S. marcescens and 2.14 for P. plecoglossicidai. S.
marcescens had highest number of CFU followed by P. plecoglossicidai and
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E. faecalis, which shows the potential of S. marcescens as a most toxic
strain causing mortality against H. armigera within the time frame of the
investigation (Fig. 2).

Further analysis based on microbiological and biochemical test like
color, shape, Gram stain, motility, catalase test, Hemolysis test, glucose test,
gelatin test, L-arabinose test, tryptophan test, methyl red test, starch test,
citrate test, oxidase test, xylose and voges-proskauer test were shown in
Table (1).
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Figure 1. Growth rate of S. marcescens, P. plecoglessicida, and E.
facalis. 10% overnight culture of each strain was inoculated
in 50ml TSB media flask and again kept at 37 °C for shaking
and further culturing in order to measure the optical density
(OD).The optical density was reported every two hours viz, 2
(1), 4 (2), 6 (3), 8 (4), 10 (5), 12h (6).
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Fig. 2: Correlation between colony forming unit of S. marcescens, P.
plecoglessidai, and E. facalis strains and their dilution factors.
1,2,3,4,5, and 6 : are reperesent 10 1, 10 2, 10 3, 10 4, 10 5,
10 S dilution factors respectively.
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Table 1: Biochemical analysis of E. faecalis, S. marcescens, and P.
plecoglossicidai bacterial strains.

S. Morphology / Enterococcus Serratia Pseudomonas
No. | Biochemical Test faecalis marcescens | plecoglossicida
1 Color White White at 37°C/ Yellowish
red at 30°C
2 Gram Stain positive negative negative
3 Motile Non motile motile motile
4 Shape Cocci rod rod
5 Catalase test - + +
6 Hemolysis test + + B-hemolytic
7 Glucose test + + +
8 Gelatin test - + -
9 L-Arabinose Test - - -
10 Tryptophan test - + -
11 Methyl red test + positive for mixed - -
acid fermentation
12 Starch test - - -
13 Citrate test - + +
14 Oxidase test - + +
15 Xylose - - -
16 Voges-proskauer - negative for + -
test alcohol fermentation

Twenty seven antibiotics were used to study sensitivity of each strain. The
sensitivity of the different bacteria was found to vary from antibiotic to
another. According to the manufacturer instruction’s and zone size
interpretative chart the bacterial strains were classified as sensitive,
intermediate and resistant based on antibiotic type (Fig. 3). The details of the
sensitivity of the bacteria are given in Table( 2).

Among several types of bioassays done; injection and injury bioassays
were the only methods that caused mortality in insects. Amongst the tested
bacterial strains, bioassay results show that S. marcescens was the most
toxic strain. It causes high mortality to the insect culture within 20h after
injection followed by P. plecoglossicidai (Fig. 4). However, all the strains
caused 100% mortality within 72h after injection. Result also showed that
either single strain bioassay or a combination of all three strains caused
insect death, which indicates the ability of each strain to kill the laboratory
reared insect (Fig. 3).
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Figure 3: The inhibition zone along with the sensitive zone in TSB
medial plate incubated for overnight at 37 °C.
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Figure 4. Mortality bioassay of the bacterial strains isolated from H.
armigera . The mean value and Standard deviation was
calculated. The observations were taken 20, 48, 72h interval
after treatment. The chi-square test was carried out. Each
three combined columns represent one strain at three
different times intervals, viz, 20h (A), 48h (B) and 72h (C).
Columns 1: represent E. faecalis, column 2: represent S.
marcescens and Column 3: represent P. plecoglossicida.
Column 4: Represent the combination between the three
strains.
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Table 2: Antibiotics Sensitivity test for insect microbes (Diameter of
zone of inhibition (mm)). R: represents resistant, S:
represents sensitive, and I: Represents intermediate to the

antibiotic.
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1 |Ampicilin (A) 10 13 | 14-17 | 18 6R 8R |0.0OR
2 |Aztreonam (Ao) 30 15 | 16-21 | 22 6 R 181 |10R
3 |Bacitracin (B) 10 8 9-12 13 8R |0.0OR]| 2R
4 |Carbenicillin (Cb) 100 | 19 | 20-22 | 23 24S | 201 |10R
5 |Nitrofurantoin (Nf) 300 | 14 | 15-16 | 17 4R |0.OR|O00OR
6 |Penicilin G (P) 10 19 20-27 28 6 R 4R [0.0R
7 _|Co-Trimoxazole (Co) 30 10 | 11-15 | 16 20S |18S | 4R
8 |Norfloxacin (Nx) 10 12 | 13-16 17 24S [ 26S|24S
9 |Cephotaxime (Ce) 30 14 | 15-22 | 18 201 201 | 8R
10 [Chloramphenicol (C) 30 17 | 18-20 | 21 201 201 | 201
11 |Ciprofloxacin (Cf) 5 15 | 16-20 | 21 24S [ 28S|24S
12 |Gentamicin (G) 10 12 | 13-14 | 15 10R | 6R | 6R
13 |Gatifloxacin (Gf) 5 14 | 15-17 | 18 22S |20S|20S
14 |Levofloxacin (Le) 5 15 | 16-18 | 19 20S | 26S|22S
15 |Nalidixic Acid (Na) 30 13 14-18 19 20S [22S | 4R
16 |Vancomycin (Va) 30 - - 15 | O.OR |[0.OR|0.0R
17 |Ofloxacin (Of) 5 12 | 13-15 | 16 20S |20S|22S
18 |Novobiocin (Nv) 30 17 | 18-21 22 8R 4R |[0.0R
19 |Nitrofurantoin (Nf) 300 | 14 | 1516 | 17 | 0.OR | 4R |00OR
20 |Doxycycline Hydrochloride (DO) 30 12 | 13-15 | 16 10R | 141 |10R
21 |Rifampicin (R) 5 16 | 17-19 | 20 | 20R |0.0OR|0.0OR
22 |Spectinomycin (Se) 100 | 14 | 15-17 | 18 6 R 4R | 6R
23 |Streptomycin (S) 10 11 | 12-14 | 15 4R 2R | 2R
24 |Erythromycin (E) 15 13 | 14-22 | 23 10R | 6R |10R
25 |Kanamycine (K) 30 13 | 14-17 18 6 R 6R | 6R
26 [Tetracycline (T) 30 14 | 15-18 | 19 12R |10R |12R
27 [Trimethoprim (Tr) 5 10 | 11-15 | 16 20S | 22S |0.0R

DISCUSSION

Several bioassays have been done as per mentioned in the material
and method part. None of those bioassay experiments caused toxicity to H.
armigera larvae except the injury and injection bioassay methods. This data
suggested that bacteria penetrate into insect bodies through the wounds or
the opening parts in the exoskeleton of the larval body. Also, results have
been shown that all the strains used in this study caused mortality either
individually or in combination. Insect death occurred within 20h after
treatment and the mortality reached 100% within 72h after injection with all
the strains. The growth rate varied from one strain to another. S. marcescens
was found to have the highest growth rate followed by P. plecoglossicidai
compared with E. faecalis. As a result of this, the optical density of each was
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varied as well. The results show that OD and CFU colony of S. marcescens
was higher than the other strains. The potential of these strains to kill H.
armigera larvae is very high and may wipe out the insect culture if the
sterilizing condition in the culture room are not appropriate. Our finding here
proved for the first time that H armigera would be a suitable host for
propagation the reported bacterial strains in this study and that would help in
determination of such infection under laboratory condition.

It has been described before that several bacterial microbes can infect
insects, human beings as well as other different invertebrate and cause
different types of diseases, Aucken and Pitt (1998). Recently, it has been
reported that different types of organisms belonging to four different
invertebrates infected with those microbes viz, Caenorhabditis elegans,
Shepard and Gilmore (2002); fruit fly, Drosophila melanogaster , Erickson et
al.(2004); Bombyx mori (Kaito et al. (2002); Galleria mellonella, Choi et al.
(2002) and Reeves et al. (2004). Among of these microbes, S. marcescens,
E. faecalis and P. plecoglossicida have been found in different organisms. S.
marcescens is a Gram-negative bacteria and it is an important microbe due
to its ability to cause diseases to vertebrate, invertebrate and plant system as
well, Grimont and Grimont (1978). It can infect the human being causing
number of serious nosocomial infections, Coulthurst et al. (2006). The ability
of this strain to develop the resistance to several antibiotics has shown some
interest to investigate its potential as an ideal model bacterial system to
screen other related pathogenic microbes and seek their mode of action into
their respective hosts.

E. faecalis bacterium strain has been theorized to play a role in
bacterial synergy, Montravers et al. (1994) and Montravers et al. (1997).
Among several types of enterococcal strains, E. faecalis is the most
infectious strain causing wide varieties of diseases to the human being and
other organisms, Jett et al. (1994). It has been reported to cause severe
virulence infections like cytolysin, Sannomiya et al. (1994) extracellular
proteases (gelatinase and serine protease), Engelbert et al. (2004) and to
aggregation substance, Galli et al. (1989). The Enterococci species have
been documented as common pathogens present in the hospitals and found
to infect bloodstream, urinary tract and biliary tract as well as burn wounds
and periodontal tissues, Park et al. (2007).

Pseudomonas is considered as a huge and broadly varied bacterial
group, Palleroni et al. (1973). Till date, several debates related its
taxonomical status has been pushed forward, Tamaoka et al. (1987); Willems
et al. (1989, 1990); Yabuuchi et al. (1990, 1992, 1995). Initially, its
classification status has been principally done based on their phenotypic
characterizations, Stanier et al. (1966) and the amino acid sequence
homology, Palleroni et al. (1973). Earlier, Pseudomonas species have been
subdivided into five groups on the basis of rRNA and DNA similarity, Palleroni
et al. (1973). It has been described that there is similarity between the
infectious models of Pseudomonas aeruginosa in different organisms like
mice and G. mellonella. So that it would be easy to fish out the mode of action
of this microbe that subsequently will help us to understand the process of
transferring such organism to the human being, Jander et al. (2002).
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Recently, E. faecalis has been isolated from the hemolymph of dead G.
mellonella larvae and GelE protein has been purified as an insecticidal toxin
from E. faecalis culture media. Also, the same group studied the virulence
effect of some proteases of P. aeruginosa, on the host immune response,
Azghani et al. (1993) and Rumbaugh et al. (1999).

As a result of previous studies, it has been assumed that GelE may
perform as an important factor in the pathogenesis of enterococcal infection
in human blood. Accordingly, it has been concluded that E. faecalis GelE may
affect the balance system and inhibits the immune reactions in the host, Park
et al. (2007).

The main finding in the current study was to isolate E. facalis, S.
marcescens and P. plecoglossicida from H. armigera larvae for the first time
while rearing the insect culture in the laboratory. According to this
investigation and previous studies, we would propose clear correlations
between the above three strains and their respective environment. Also, our
study would help and support the researchers in identification the bacterial
infections that may cause insect death to H. armigera larvae while
maintaining its culture under laboratory condition.
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