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Abstract: In a molecular screening program to select a potent chitinase producing bacteria, a locally
isolated Bacillus isolate 66 (ac: DQ524821) recovered from dead Biomphalaria alexandrina snails, was
shown to secret the enzyme upon testing the activity in YNB-Agar and broth media, containing chitin.
For PCR screening of chitinase gene, reference strains: B. thuringiensis tenebrionis (tt4); B. thuringiensis
israelensis (NRRL HD-522); B. thuringiensis Berliner ACCC 10061 along with the local isolate 66 were

tested using designed set

of degenerative primers. The same size PCR fragment (310 bp) was

obtained upon testing these different templates. Furthermore, the fragment related to isolate 66 was
sequenced and a phylogenetic relationship was performed where, it showed 96% similarity to chtinase
gene of B. thuringiensis A1 Hakam (protein-id: ABK86590). The sequence results was submitted into

GenBank under accession number EU734811.
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INTRODUCTION

Chitin, an insoluble linear B-1,4-linked polymer of
Nacetylglucosamine (GIcNAc), is one of the most
abundant polysaccharides in nature with numerous
industrial, medical and commercial uses. It is a
common constituent of insect exoskeletons, shells of
crustaceans, fungal and some algal cell walls™?.
Chitinases (EC 3.2.1.14) are a glycosyl hydrolases that
catalyze the hydrolytic degradation of chitin, and is
found in a wide variety of organisms including
bacteria, fungi, invertebrates, plants and animals®!, but
serve a variety of functions including
morphogenesis, defense, nutrition and pathogenesis'™.
Chitinases that produced by different micro-organisms
have received increased attention due to their wide
range of biotechnological applications, especially in the
production of chitooligosaccharides and N-acetyl D-
glucosamine®™, biocontrol of pathogen and pests’®®],
preparation of sphaeroplasts and protoplasts from yeast
and fungal species”'”, and bioconversion of chitin
waste to single cell protein'.

One of the most important insecticidal microbes
used in biological control is Bacillus thuringiensis (Bt),
Insecticidal proteins, mainly Cry (crystal) proteins, play
the leading role in controlling of insect pests. Some
factors cause limitations in usage of Bt in biological
control such as, susceptibility of important pests to
only a few toxins'?, development of resistance to Cry
proteins, slow mode of action, and the requirement of

in nature

ingestion, along with some other limitations, This leads
to search for new approaches to improve the
conventional use of B. thuringiensis".

It has been reported that chitinases are widely
distributed in Bt strains and that some of the
chitinase-producing strains can enhance the insecticidal
activity of B/, Furthermore, chitinases from B.
thuringiensis serovar kurstaki HD-1(G) culture
supernatants  increase the insecticidal activity
against Plutella xylostella when mixed with the spore-
crystal complex™?,

The chitinase gene from tobacco (Nicotiana
tabacum) endochitinase and the crylAc gene from
Bacillus thuringiensis were cloned into the vector
pHT315 and designated as pHUAccB5plasmid to
improve the insecticidal activity in acrystalliferous B.
thuringiensis"®.

In this paper we report the production of chitinase
enzyme from a previously locally isolated Bacillus
thuringiensis 66 in comparison with reference strains
related to the same species. Also, molecular screening
of chitinase gene in these different strains was
performed using a degenerative primers designed
according to Multialignment between different bacillus
species. Moreover, the amplified band of the local
isolate resulted from PCR reaction was sequenced to
verify its relatedness to chitinase gene. This work is
considered an initial step in the way to improve the
insecticidal activity of B. thuringiensis through its
interaction with chitinases.
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MATERIALS AND METHODS

Bacterial Strain and Growth Conditions: Four B.
thuringiensis strains were used in this study B.
thuringiensis  tenebrionis (tt4) strain was kindly
supplied by Prof. Priest, FG, Heriot University,
England). B. thuringiensis israelensis (NRRL HD-522)
was kindly supplied by Prof. Nakamura, LK, United
State Department of Agriculture. B. thuringiensis
Berliner ACCC 10061 was bought from China Center
of Industrial Culture Collection, CICC and a local
isolate B. thuringiensis isolate (designated 66) (ac: DQ
524821, DQ 524822) was recovered from dead
Biomphalaria alexandrina snails in Egypt.

Growth and Enzyme Detection: A preliminary test for
production of chitinase enzyme by tested strains was
carried out by cultivation of bacterial stains on Yeast-
Nitrogen Base (YNB) medium (Difco Laboratories,
Detroit, Mich) containing 0.2% (wt/v) chitin and 0.5%
yeast extract as described by Watanabe et al'’ and
incubated at 30°C for up to 8 days. The ability of
tested isolates to hydrolyze chitin substrate was
detected qualitatively by formation of clearing zone
during the culturing period with 0.1% Congo red

solution.

Preparation of Crude Enzyme from Culture Fluid
of Tested Strains: The cells of tested strains were
grown in LB broth medium for 18 h at 30°C as the
preculture. A portion of the preculture was inoculated
at 30°C for up to 8 days with constant shaking
(200rpm) using (YNB) medium (Difco Laboratories,
Detroit, Mich.) containing 0.2% (wt/v) chitin; 0.5%
yeast extract. During the culturing period, samples were
collected from each flask and used for determining
chitinase activity.

Enzyme Assay: Quantitative estimation of chitinase
activity was measured using colloidal chitin as the
assay substrate. One unit of chitinase activity was
defined as the amount of enzyme which produces
Iu,mol of reducing sugar per lhr at 37°C. The
reducing sugar released during the reaction, using
colloidal chitin as substrate was measured, according to
Somogyi-Nelson method!”".

DNA Isolation, Manipulation and Pcr Amplification:
The genomic DNA was performed according to
Ausubel et al,""®. Preparation of genomic DNA and
separation of fragments by agarose gel electrophoresis
were performed as described by Sambrook et al,!.
Polymerase Chain Reaction (PCR) techniques were

performed with Taq polymerase (Fermentas) and the
amplified fragment was cut and purified from
agarose gel using Sephaglas™ BandPrep Kit.

Primer Design and PCR: Polymerase chain reaction
(PCR) technique was performed for amplification of a
conserved region of chitinase gene as partial sequences.
A set of primers designed based on sequencing
alignment of chitinase producing Bacilli (ac: D10594;
D63702; AB04193; EF103273; AF275724; AF510723;
EF040226; M57601; AF265220 and AB110081).
The conserved  region of aligned nucleotide
sequences used to design degenerate 20-mer
oligonucleotides forward and reverse PCR primers
F:5' TTCA(T/C)GTTCAACACTACAA3' R:
5S'CATTAGGCCGCGGA(A/G)TG3!, respectively. PCR
was performed in 50-ul reactions containing 50 ng of
template DNA, 10 pmoles of each primer, 200 pM of
each ANTP, standard buffer (supplied with the Tagq)
containing 1.5 mM MgCl2, and 1 U of Tag DNA
polymerase, in thermal cycler, as follows: initial
denaturing step 94 °C for 3 min., then (30 cycles)
comprised a denaturing step at 94°C for 1 min,
annealing at 50 °C for 1 min and extension at 72 °C
for 1.5 min. followed by final extension 72 °C for 7
min. with forward and reverse primers.

DNA Sequencing and Sequence Analysis: Nucleotide
sequencing was performed using an ABI PRISM 310
(Perkin-Elmer Foster City, CA) at the DNA Sequencing
Facility, VACSERA, Cairo, Egypt. PCR- forward and
reverse specific primers were used to obtain the
nucleotide sequences of both DNA strands of PCR
fragment. The obtained sequence (259 bp) has been
submitted, deposited into GenBank under accession
number (ac: EU734811). Deduced amino acid
sequences were analyzed using the BLASTX family
program.

Phylogenetic Analysis: Muli aligment between the
target sequence and the closely related (id: ABK86590;
AAKG69033; AAS42658; ABY44663; ATT60545;
AAT32966; AATS5875; AAU16783; AAP27590;
ABMO05818; AAP47142; BAB16890 and AAP10651)
was performed with CLUSTAL W. On the basis of the
resulting multiple sequence alignments a phylogenetic
tree was calculated for each protein by applying the
maximum-likelihood method implemented in the Tree-
Puzzle software, version 5.2.

Multiple sequence alignment and molecular
phylogeny were performed using BioEdit””. The
phylogenetic tree was displayed using the TREEVIEW

program®") subsequently.
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Clearing zones of colloidal chitin formed by chitinases excreted by tested bacterium (local isolate 66) upon

growing in YNB- agar plate containing chitin (0.2%). After 11 days incubation the plate stained with 0.1%
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Fig. 1:
Congo red solution.
M 1 2
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Fig. 2: Agarose gel electrophoresis analysis of PCR products.

M: 50bp DNA marker; Lane 1: Negative control; Lane 2-5: local isolate 66; B. thuringiensis tenebrionis
(tt4); B. thuringiensis israelensis (NRRL HD-522); B. thuringiensis Berliner ACCC 10061 respectively.

RESULTS AND DISCUSSION

Selection of Potent Chitinase Producing Local
Bacteria: In order to test qualitatively the capability
of a local isolate and some reference type strains
of thuringiensis species for chitinase production. A
preliminary test was performed by growing the
tested bacteria in YNB agar plate containing chitin.
The activity was detected through floating the plate
with congo red solution, where the appearance of clear
zone is an indication of chitinase activity. All tested
bacteria produced this zone, but the local isolate
showed a high potency (Fig. 1).

The local potent chitinase producing isolate, as
detected by chitin agar plate method, was the
previously isolated Bacillus thuringiensis 66 and

22,24]

reported by Salem et al.

Furthermore, the levels of enzyme production by
a selected local isolate was performed using YNB-
chitin containing broth medium as described in material
and method. A 1% of 12hr old preculture cell in LB
was used to inoculate the tested medium, then allowed
to grow in shaking (200rpm) at 30°C for up to 8 days.
The chitinase production by the investigated strain was
detected in the supernatant and reached to 0.66 (U/ml).
Results in accordance to Zhang et al”, where the
exochitinase from Stenotrophomonas maltophilia C3
was produced after 8-days incubation.

Molecular Screening and Phylogeny: Generally, due
to relatively low levels and long incubation time which
required to express this gene by native strains, we
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Isol 66

ABKE65 90
RAKE9033
ARS42658
ABY116 63
ATT 60545
AAT 32966
AAT 55875
RAV16T83
AAP 27530
ABMO5818
AAP47142
BRAB1GE D0
ARP10651
Clus Con

I=sol 66

ABES&520
ARKG9033
ARS42658
ABY 44663
ATT 60545
ART 32966
ART 55875
AMI16783
AAP 27500
ABMO581%
AAP47142
ERB 168200
AAP 10651
Clus Con

I=ol 66

ABK 86590
AAKE9033
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ABY44663
ATT 60545
ART 32966
ART 55875
AAT167 83
ARP 27590
ABMO5E 18
AAP47T142
BAB 16890
AAP 10651
Clu=s Con

I=zol 66

ABEE6590
AAK62033
ARS42658
ABY41663
ATT 60545
ART 32966
ARTH58 75
AAU16783
AAP 27590
ABMO5818
ARP4T142
BAB16890
AAP10651
Clus Con

Fig. 3: Aligment of amino acid sequences of chitinase gene from various species (ac: ABK86590; AAK69033;
AAS42658; ABY44663; ATT60545; AAT32966; AATS5875; AAU16783; AAP27590; ABMO05818;
AAP47142; BAB16890 and AAP10651) compared to partial chitinase sequence of isolate 66 (ac:
EU734811). The alignment was performed with CLUSTAL W as described under material and methods.

J. Appl. Sci. Res., 4(9): 1118-1123, 2008

B e LN EFEFI CCT LYTFLLLPLS PRQ AQARNNLE SK LLYGYWHNE DNGTG LIKLE DU S PRV INY SEGETGGED BST VEF SP VY GTD AEFES DL
B ! N EFKFI CCT LYTFL LLP LAPFQ AR ANNLE SE LLYCYWHNE DNGTG IIELE DU 5 PYWDYLNY SFCET GG B ST VEE 5P VY GTDAEE S DIH

bttt NEFEFT CCT LVTFL LLP LAPEQ AOAANNLG SELLVGYWHNE DNGTGITELE DU S PRIV INY SFGETGED R ST VEE SP VY GTDAEF ES DT
bttt 1. NEFFFT CCT LVTFL LLP LAPF] A0ARNNLG SELLVGYWHNE DNGTGTTELE DU S PR THY SEGETGCEDRST VEF SP VY GTDRAEF ES DT
R II.NKE'KE'IaZTL\.’]I'memmmmﬂSEILVG‘HIIHNEDNGIE]:I]CLRDUSPFWDV]IWSFGETI]}DRSTVEHSPWGTD]IEERSDI
—————-i !I..N'l:l's'l:E'IIITmemmmmSLIL\FGY‘IHMDNGIE]:IH.RDUSP}'WDUMSFGETU}DRSTUEFSDWGTD]IEELSDI

CFE oL | l.']!FLLLPLSP]'!‘QMMN'NIGSLHVmﬂMDNmEmDUSP}TIDVMSEGETI]}DRSTUEFSDWGI‘D“EELSDI
SLMFLLLP L S PEOROAANNLG SELLYGCYVHNE DNGTGITHLE DU S PRIV TNV SEGET GGD R ST VEE SP UY GTDADE K5 DL
ILMFLLLP LS PEQ SORANNLG SELLYGYWHNE DNGTG I TELE DU S PEFUDVINY SFGETGGD R ST VEFSP VY GTDAEF ES DL
ILUMFLLLP LS PEQ AR ANNLG SELLYGYHHNE DNGTGITFLE DU S PRIV ITNY SFGET GED R ST VEF SP Y GTDADE KES DL

110 10 130 140 1s0 150 170 150 140 200
1 e L T L e L L IR L F L) TR i ) i CPRE o) YRl PO o i e |

ESEGEEYVL ST GEONGYVLLP DNARKQEF THS T0 SLIDKYGE DEI DI D LE SGLYLNGNDTNFENPT TROTVNLY SATRTT SDHYGPDFLL SHAPE
ESEGEFIVL ST GEORGUYVLLE DNAAKQEE THS T0 SLI DK YGE DEL DI D LE SGLYLNGNDTHNEENPT TROTVHLYT SATRTT SDHYGPDELL SHAPE
ESEGEEYVL ST GEONGYVLLP DNARKQEF THS T0 SLIDKYGE DEI DI D LE SGLYLNGNDTNFENPT TROTVNLY SATRTT SDHYGPDFLL SHAPE
ESKGEEYVL ST GEONGYVLLP DNARKQEF THS T0 SLI DK YGE DEI DI D LE SGLYLNGNDTNFENPT TROTVNLY SATRTT SDHYGPNELL SHAPE
ESEGEFIVL ST GERORGUYVLLE DNAAKQEE THS T0 SLIDEYGE DEL DI D LE SGLYLNGNDTHNEENPT TROTVHLYT SATRTT SDHYGPDELL SHAPE
ESEKGEEYVL ST GEONGYVLLP DNARKQEF THS T0 SLI DK YGE DEI DI D LE SGLYLNGNDTHNFENPT TROTVNLYT SATRTT SDHYGPDEFLL SHAPE
ESEKGEEYVL ST GEONGYVLLP DNARKQEF THS T0 SLI DK YGE DEI DI D LE SGLYLNGNDTNFENPT TROTVHNLY SATRTT SDHYGPDEFLL SHAPE
ESEGEKEYVL ST GRONGYVLLP DNAAKQEF THS T0 SLI DK YGE DEL DI D LE SGLYLNGHNDTHNFENPT TROTVNLYT SATRTT SDHYGPDFLL SHAPE
ESEKGEEYVL ST GEONGYVLLP DNARKQEF THS T0 SLI DK YGE DEI DI D LE SGLYLNGNDTHNFENPT TROTVNLY SATRTT SDHYGPDFLL SHAPE
ESKGEEIVL ST GEONGYVLLP DNARKDEF THS T0 SLIDKYGE DET DI D LE SGLYLNGNDTNFENPT TROTYNLY SATRTT SDHYGPDFLL SHAPE
ESEGEEUVL ST GEONGYVLLP DNARKDEF THS T0 SLIDKYGE DEI DI D LE SGLYLNGNDTNFENPT TROTVNLY SATRTT SDHYGPDFLL SHAPE
ESEGEEYVL ST GEONGYVLLP DNA SKQEF THS T0 SLI DK YGE DEI DI D LE SGLYLNGNDTNFENPT TROTVNLYT SATRTT SDHYGPDFLL SHAPE
ESEGEEYVL ST GEONGYVLLP DNARKDEF THS T0 SLIDKYGE DEI DI D LE SGLYLNGNDTNFENPT TROTVNLY SATRTT SDHYGPDFLL SHAPE

210 220 230 240 250 260 270 250 290 00

B e e S L & E UM AD LY HGF PYCCNANNIF FAL RS OVHIGLP APPARR P SCLY L
QGEY SAYGS TG LPT TYGVEDFL TV THYOH Y NG 56 TG MG N HOG TATYE TAMAD ML HGF PTG ANNNE PALRSI QVHIGLP ARPARAPSGCY T
QCCY SAYG S TVUGTY LPL TY GUEDEL TY THYOH Y NAG SG TG M N NG TATYE TARMADMLL HGE PT GG ANNME FALRSDOVHIGLP AP ARR P SCLY T
QGEY SAYGES TUGAY LPL IV GUEDEL TY THYOHY NAG 5616 MG NN NOGTATYE VAMADMLL HGF PYGGHNANNME FALEST QW MIGLP ARPARRPSEGY L
QGEY SAYGS THNGAY LPL T Y GUEDEL TY THYQHY NAG 5G TG MG NE Y NOGTATYE VAMADMLL HGF PYGGNANNIE PPLESI QVMIGLP ARPARAPSGGY T
QGEY SAYGS THNGAY LPL T Y GUEDEL TY THYQHY NAG 5616 MG N HOGTATYE VAMADMLL HGF PTGGNANNME FALESI QVMIGLP ATPARRPSGGY L
QGEY SAY TS TUGAYLET TY GYKTIEL T THFOHY NAG SGTE MG N Y HOGTATYE VAN MLL HGF PTGGHANNME PFAL R SDOVMICLP ATP AAA P SGCY T
QGG S]IY!SIEI:-]I‘ILPI TYGVEDEL T THYQHY NAG 5616 MG NN NG TRITE WAMAD ML HGE PTGGHANNME PALESDQUVHMIGLE ATP ARAPSGGY I
QGEY SAYGS TUGTY LPT TYGVEDEL TY THYOHY NG 56 TG MG N QG TATYE TAMAD ML HGF PTGCHANMNNE PALRSIQVHIGLP ATPARRAPSGGCY T
QGG S]IYESI‘-’IE]T‘ILPI TYGVEDFL T THYOHY MAG SG TG MG MY NG TRATYE WMMADMLL HEF PTGCHANNME PALE SDOVHIGLE ATP ARAPSGGY T
QGEY SAYGS TUGTY LPT TYGVEDEL TY THYOH Y NG 56 TG MG NE Y HOG TATYE TAMADMLL HGF PYGCENANNTE PALRSI QVHIGLP ARPARAPSGCY T
QCCY SAYG S TUGTY LI TY GUEDEL TV THYOH Y MG 56 TG MG N NG TATYE WARAD ML HEF PY'GCEHANNTE FALESD OVHIGLP AP ARR P SCCY T
QGGY SAYG S TVNGAY LPL TY GUEDEL TY THYOHY NAG 56 16 M NN NOGTATYE VAMADHLL HGF PYGGNTHNIE FALRSDOVHIGLE ARPARR P SGLY T
QCGY SAYGSTVUGTY LPL TY GUEDEL TY THYOHY NAG S5G T6 MG N NG TATYE WAMAD ML HGF PYGCENPNNIF FALESDOVNIGLP AP ARR P SCLY T

e A A i A Ak o

Eali} 320 330 S0 350 60

EEGR LB AW AM IR AR s g g e —— ——— ——— ——— —— —————— —— ——— ————
SPT EMEFAL IVT TEGTP FGGFY ELSH) SCYPAF BGLMSYWS IFWYDAKNNE EF SNNYETYEF DAL FLOK
SPT EMEFAL IVT TEGTP FGGFY ELSH) SCYPAF BGLMSYWS IFYDAKNNE EF SNNYETYF DAL FLOK
SPT EMEFAL IVT TEGTP FGGFY ELSHE SCYPAF BGLMSYWS TFYDAKHNE EF SNNYETYE DAL SLOK
SPT EMEEAL IWT TEGTP FGGFYELS 50 SCYPAF BGLMSYWS TFYDAKNNE EF SNNYETYF DSL SLOK
SPT EMEFAL IVT TEGTP FGGFY ELSNE SCYPAF BGLMSYWS IFWYDAKNNE EF SSNYETYF DAL FLOK
SPT EMEFAL IVT TEGTP FGGFY ELSHE SCYPAF BGLMSYWS IFYDAKNNE EF SSNYETYF DAL FLOK

SPT EMFFAL IWT TEGTP FGGFYELSHE SCYPAE BELMSWS INTDAKNNE EF SSNYETYE TALFLOK
SPT EMEFAL IVT TEGTP FGGFY ELSHE SCYPAF BGLMSYWS IFYDAKNNE EF SSNYETYF DAL FLOK

SPT EMFFAL IWT TEGTP FGGFYELSHE SCYPAE BELMSYWS INTDAKNNE EF SSNYETYE TALFLOK
SPT EMFFAL FYT TEGVP FGGFYELSH) SCYPAE PELMSYWS INTDAKNNE EF SSNYETYE IGL SLOK
SPT EMEEAL FYT TEGYP FGGFYELSH) mmmm-!sﬂsnﬂmnmmr:ismmﬂm SEE i
SPT EMFFAL FYT TEGVP FGGFY KL S 1) SCYPAE PELMSYWS INTDAKNNE EF SNNYETYE IGL SLOK
SPT EMFFAL FYT TEGUP FGGFYELSH) SCYPAE BELMSYWS INTDAKNNE EF SNNYETYE IGL SLOK

1121



J. Appl. Sci. Res., 4(9): 1118-1123, 2008

Isplate number BB

ABY446R3 B weihenstephanesis

AASLIESE B cersus ATCC 10537

AALNETER B cereus E3EL

ATTEDSAS B thuringiensis serevar kankukian str.

SLTEERTS B anthracis

AATIZNE6 B anthracis
ALPATEE0 B anthracis Sir

I AAKESOIT B cereus

I ABKEESAD B thuringiensis Sir

ABWDSEE B thuringiensis serdvar colmen

0.01

BAE1E390 B cereus

A8P0651 B cereus ATCC14578

AAPAT42 B cereus

Fig. 4: Phylogeneyic tree of the partial sequence of chitinase (local isolate 66, ac: EU734811) with respect to

closely related sequences available in GenBank.

directed to clone and overexpress it. Currently many
genes have been cloned, expressed, fused with another
protein to enhance the toxicity"®***”l. Therefore,
initially in a program for molecular screening of
chitinase producing strain, PCR primer was deigned
according to alignment data of chitinase nucleotide
sequences of different species of bacilli as described
previously. The primer was used to amplify a
conserved region of the gene (310bp). The PCR
reaction was carried out on genomic DNA of a number
of some local and reference type strains related to
Bacillus thuringiensis, where the tested type strains as
well the local isolate showed amplification fragment
with an expected molecular size (310 nucleotides)
(Fig. 2 ). On sequencing the PCR fragment of local
isolate, around 96% similarity to chitinase, from B.
thuringiensis A1 Hakam (protein-id: ABK86590) was
measured. Multialignment between
sequences of conserved region obtained by PCR of
Bacillus thuringiensis 66 (ac: EU734811) and the
closely related sequences (id: ABK86590; AAK69033;
AAS42658; ABY44663; ATT60545; AAT32966;
AATS5875; AAU16783; AAP27590; ABMO581S,;
AAP47142; BAB16890 and AAP10651) showed minor
differences in aa (Fig. 3 ). Also, a phylogenetic tree
was displayed and presented in Fig. 4 .

amino acid

Conclusion: The present study addressed the ability
of the local isolate Bacillus sp. isolate 66 (ac:
DQ524821) to produce the chitinase enzyme. Sequence
similarity of amplified fragment resulted from PCR
upon using a primer set designed to amplify a
conserved region (310 bps) of chitinase gene available
in the GeneBank, proved its relatedbness to this gene.
It is worthwhile to express this gene under a defined
promoter using another set of primer to amplify the full
length sequence gene.
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