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ABSTRACT

Four Chitin degrading bacterial strains vibrio aestianus, Flavobacterium, Shewenella and
Exiguobacterium were isolated from crustacean shellhe strains were confirmed by Biochemical
analysis, FAME-GC analysis and 16s rDNA sequenciffte chitinase was purified by a two step
chromatographic method and characterized. The eaayas purified to homogeneity by 6.75 fold with
46% recovery after ion exchange chromatographyovedld by gel filtration chromatography. The
purified enzyme revealed a single band on SDS-Pgebkvith a molecular mass of 24 kDa. It showed an
optimum pH at 6.0. The optimum temperature for erzgctivity was 40 °C. The maximum activity was
observed with a 2% substrate concentration of éddlbchitin. The enzyme was strongly inhibited by
Fe2+ and K+ while enhanced by Zn2+ and Ca2+. Thues purification of microbial chitinase from shell
waste could be effectively utilized for the manufidcg of many chitin derived products.

Keywords: Chitinase, Crustacean shells, FAME-GC, ion exchawcfeomatography, gel filtration
chromatography, Characterisation.

INTRODUCTION
Chitin is a major structural polysaccharide of fuagd of arthropods such as insects and crustaceads
is thus abundant in nature, second only to cekul@hitin is a polymer of N-acetyl-D-glucosaminada
represents an important potential source of renkwaibmass. The recycling of chitin waste, espécial
from the sea food industry, is therefore of consiile economic and environmental significance.
However, chitin is a rather intractable polymerijtas insoluble in water and organic solvents.tiDhises
that produced by different micro-organisms havesira increased attention due to their wide rarfge o
biotechnological applications, especially in theduction of chitooligosaccharides and N-acetyl D-
glucosamine, biocontrol of pathogen and pestqavedion of sphaeroplasts and protoplasts fromtyeas
and fungal species, and bioconversion of chitintevas single cell protein. Therefore, applicatidn o
chitin-hydrolyzing enzymes (chitinases) is expedtadeffective utilization of this abundant biomass
Chitinase is widely distributed in bacteria, actin@etes, and plarit$®** Chitinase-producing marine
bacteria play an important role in the degradatibrchitin in the oceans. Chitinases from marine
bacteria have been isolated and their propertiperied®**°''?2 Among gram-negative bacteria,
chitinolytic activity has been described for stmirfirom the generaAeromonas Alteromonas
EnterobacterPseudomonasSerratia Ewingella andVibrio. Although studies on chitinolytic activity in
Vibrio and Pseudoalteromonasp, have shown that soluble oligosaccharidesdtbdrby the action of
extracellular chitinase on chitin elicit the indioct of expression of a number of proteins, litdekhown
at present about the genetic regulation of chijitimenzyme expression in gram negative bacteria.
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According to Rheinheim&t the most active bacteria are thoseéPebudomonaand Vibrio genera and
also actinomycetes of tiMicronomosporayenus.
Thus there is considerable interest in the devedoprof an efficient bioconversion process basethen
exploitation of chitinases. Marine bacteria areefieat sources of chitinasésand may be considered to
be the natural agents for the catabolic convergibrerustacean chitin into useful molecules for
applications in biotechnology and medicine. Baeatdrom the family Vibrionaceae frequently occur in
the marine environmelit and are potentially suitable sources of enzyreshie recycling of crustacean
chitin. Bacteria typically possess multiple, usyalhducible, chitinasés® and chitobiasés The
chitinases isolated from a single bacterial stodien appear to be heterogeneous with respectirsie
specificity and molecular size and may, in additim® subjected to posttranslational modification
including proteolytic processiht’. Moreover, extensive studies are required on thrimum utilization
of chitinous wastes for production of chitinasesl #iomass. Hence, this paper explains the isolation
identification, purification and characterizatiof chitinase from four bacterial strains isolatednfr
marine crustacean shells.

MATERIALS AND METHODS
Screening and isolation of Chitin degrading Bacteria
Exoskeletal bacterial isolates were obtained bysibn of shell-disease lesion and non-lesion améas
both dorsal and ventral surfaces using a sterddpst Each scraping was transferred intosG@erile
3.2%NaCl solution, homogenized briefly and sprekdeol in triplicate onto MA and chitin agar as
described byoganet af®. After incubation for 5-7 days at room temperatwiearance zone forming
bacteria were selected as the chitinase produeee €ultures from randomly chosen colonies were
placed on MA slopes and stored at 4°C until uses€hstrains were selected for the production and
characterization of chitinase. The isolates weeatified through a) it's morphological and physigikal
properties according to Bergey’'s manual of Systeaniacteriology. b) The nearly complete nucleotide
sequence of 16S rRNA was determined using bacteniaersal primers. The 16S rDNA sequence was
compared to the sequences in the GenBank nucleddiddase by using Basic Local Alignment Search
Tool (BLAST) and c¢) FAME-GC analysis.
Enzyme production and extraction
For enzyme preparation , the strains were grow28a€ in colloidal chitin medium consisting of ()g/l
colloidal chitin,10; peptone,3; KNE3B; K.HPO,,0.7; MgSQ,0.5; KCI,1.0; and cultured in 50 ml medium
in 250ml conical flasks with shaking at 180rpm ®odays. The culture fluid was centrifuged at 8@p0
for 20 mins. Chitinase was extracted from the ahbmaeterial bran by ammonium sulfate precipitation
upto 75% saturation and the precipitate was resuiguk in a minimum volume of 20mmol/l citrate
phosphate buffer (pH 5.8). The precipitate obtaiaiéek ammonium sulfate fractionation was exterigive
dialysed against the same buffer for 24hrs at 4f6 @ontinuous stirring and occasional changesef t
buffer® The resultant dialysate was chitinase crude extniad was subjected to further purification.
Purification of Chitinase
The dialysate obtained above was concentrated dyhlifsation and loaded on top of the DEAE-
Sephadex A-50 (Pharmacia) column equilibrated witlysis buffer. The procedure was carried out at
4°C. The concentrated active fractions from anéexcthange chromatography were loaded onto a
Sephadex G-100 column with 50 mmol/l Sodium acdaféer (pH 4.6) containing 0.1 mol/l NaCl. The
enzyme was eluted in 2ml fractions with a lineaadignt from 0.2 to 1.0 mol /I 20mM bis tris buffer
(pH7.0) at a flow rate of 1ml/min in a sequentiamer.
Each fractions were analysed for enzyme activity protein content.. The active fractions were poole
and concentrated by lyophilisation. The purifiechpées were stored at 20°C for further studies.
Chitinase assay
The strains were preinoculated in TSA for 24hrs toreteafter inoculated into minimal salt agar media
and the activity was analysed every 24 hrs tik#ches a decline phase. The enzyme activity vgas al
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measured with crude culture supernatant, after ammo sulfate precipitation and the pooled elutes
obtained after purification steps (ion-exchange geidiltration chromatography).
Chitinase activity was determined colorimetricdly detecting the amount of GIcNAc released from a

colloidal chitin substraf® The reaction mixture consisted of 0.3ml of crugeyme and 0.2ml of
colloidal chitin. The reaction was performed at @7r 30min. The mixture was boiled for 10min,
chilled and centrifuged to remove insoluble chifihe resulting adduct of reducing sugars was medsur
by DNSA method". GlcNac was used as the standard. One unit ofr@k# activity is defined as the
amount of enzyme that released 1 umol of GlcNAenfrolloidal chitin per minute. The yield of the
enzyme was also measured by calculating the spedifivity and fold purification of the enzyme.

Protein estimation

The concentration of protein present in crude calsupernatant, after ammonium sulfate precipitatio
and the pooled elutes obtained after purificatitaps (ion-exchange and gel filtration chromatogyaph
were determined by the method of Bradfdising Bovine Serum Albumin (BSA) as the standatie T
reaction mixture consists of 0.2 to 1.0 ml of s&nadin 0.1N NaOH. The test solution contains 0.2Mml
each sample. To the solution, 5ml of CBB R250 wited and incubated for 10 minutes. The absorbance
was measured colorimetrically at 595nm.

Characterization of the purified enzyme

Molecular weight determination

Protein analysis was done by Sodium dodecyl sul{&eS) — polyacrylamide gel electrophoresis
(PAGE) with 10% gel$®. The pure protein sample from each of the badtitidates obtained after gel
filtration was run along with standard molecularrkesis such as BSA 66kDa, Glutamate dehydrogenase
55kDa, Ovalbumin 45kDa, Carbonic anhydrase 30kRRTagpsin 21kDa

Effect of pH and temperature on Chitinase activity

Chitinase activity was assayed at different pHugal (pH 5.0 to 9.0) and Optimum temperature was
measured by incubating the reaction mixtures demiit temperatures to assay the enzyme activity.
Chitinase activity was assayed at different tempees ranging from 10-50°C at pH 5.5 in citrate
phosphate buffer (50 mM).

Effect of substrate concentration

The effect of substrate concentration on chitiredévity was determined at different concentratiar
chitin, varying between 0.5 mg ™to 2.5 mg nif (w/v).

Effect of salt ions

The effect of metal ions on enzyme activity wasd&d by incorporating these metal ions at 10 mM
concentration such as KCI, Ca@H,0, ZnSQ and FeSQeach at different volumes ranging from 0.2 —
1ml in reaction mixture

RESULTS AND DISCUSSION
Chitinase producing bacterial strains were isolditech waste crustacean shells collected from diffier
places along the coastal areas of Chennai. Allsihlates were identified to various genera reprasgn
species olibrio, Flavobacterium, Sheweneldnd ExiguobacteriumThe chitin degrading strains were
identified at the species level by basic biochehtiests, 16s rRNA sequencing and FAME-GC analysis.
The results suggested that all the strains isolatete non-identical and thus identified ¥gbrio
aestuarianus, Flavobacterium odoratus, SheweneltaefaciensandExiguobacteriumThe biochemical
tests showed the pattern of gram staining, physicéd and biochemical characteristics of the chbitjtic
bacterial isolates (Table 1).
The fame-gc analysis proved the identification lf strains at the species level. The table shows th
analysis and identification of the strains by cormathe FAME pattern generated for the bacterial
strains with the MIDI library. The search is basedthe similarity index values obtained for thetbdal
fame pattern. It is to be noted that the fame paf the strairExiguobacteriundoesn’t match with any
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of the entries present in the MIDI library. The Barity index as represented by the MIDI librarygisen

(Table 11).
Table I. Biochemical Characterisation

S. No Tes Vibrio Flavobacteriurr Shewenell: | Exiguobact

aestuarianus odoratus putrefaciens rium
01 Gram Stainin -ve -ve -ve +ve
02 Spore formatio -ve -ve -ve -ve
03 Nitrate reductio +ve -ve +ve -ve
04 Catalas +ve +ve +ve +ve
05 Oxidast +ve +ve +ve -Ve
06 Gelatin hydrolysi +Ve +Ve -ve -ve
07 Citrate Utilisatior -ve -ve -ve -ve
08 Methyl red +ve -ve -ve -ve
09 Indole productio -ve -ve -ve -ve
10 Sugar fermentatic
a) Sucros +ve -ve -ve +ve
b) Arabinost -ve -ve -ve -ve
c) Xylose +ve -ve -ve -ve
d), Mannitol +ve -ve -ve +ve

Their biochemical characteristics have been deterdhby routine analysis according to Bergey’'s manua
of Systematic Bacteriology.

The physiological and biochemical characterist@gehbeen summarized as follows.
Vibrio aestuarianugs a gram negative, non- spore forming bacteriechvBhows nitrate
reductase, catalase, Oxidase and gelatinase goditishows negative results for Citrate
utilization, indole production and fermentationfofibinose.
Flavobacterium odoratugs a gram negative bacteria which shows positigilte for
catalase, Oxidase and Gelatinase. However, it sinegative for all the other tests.
Shewenella putrefacieris a gram negative bacteria which shows positivailte for
Nitrate reductase, catalase, and Oxidase. Howé&vehows negative for all the other
tests like gelatinase, citrate utilization, indpteduction and sugar fermentation.

The novelexiguobacteriunstrain which is gram positive shows only catalasgvity as
positive whereas it showed negative results fothalltests.

)
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Table Il. FAME-GC Analysis of the Isolates.

S. No. Name of the Isolate Similarity Index
1 Vibrio-aestuarianus 0.740
2 Myroides-odoratus
(Flavobacterium 0.470
odoratum)
3 Shewanella- putrefaciens 0.411
4 Exiguobacterium No matches found

Further, the isolation of non-identical species eveonfirmed by the results obtained from 16s rRNA
sequencing. The partial 16s rRNA sequences obtaimed submitted to Genbank with accession
numbers is shown (Table III).

Table Ill. Accession number of partial 16s rRNA segence submitted in Genbank.

S. No Organism Name Accession humber
1 Vibrio aestuarianus GQ906358
2 Flavobacterium odoratus GU734766
3 Shewenella putrefaciens GU734767
4 Exiguobacterium strain GU734770

Bacteria produce several chitinases, probably tidilyze the diversity of chitins found in naturehitihs

can vary by the arrangement facetylglucosamine strands, degree of deacetylatind presence of
cross-linked structural components, such as poiid glucans. We had expected some chitinases to b
specialized for hydrolysis of particular types difitm and others to be involved in degradation bf a
chitin shells. Bacterial chitinases belong to fami8 of the glycosyl hydrolasés> There is considerable
complexity because many bacteria possess up todiveix separate chitinase geh&s®*®and as
mentioned before there can also be multiple prgtieclorms. Watanabet af’ have classified bacterial
chitinases into three groups (A, B, C) accordingsémuence similarities. The screening of bacterial
species for chitinase activity revealed a markedatian in the capability to secrete elevated Isvef
enzyme(s) in response to chitin induction.

The pattern of enzyme production by each of the &itains inoculated in minimal chitin media at
different hours of incubation till 120hrs was detared (Fig. 1). Results suggested that the strains
Flavobacterium odoratuand Shewenella putrefaciestiowed maximum activity orf®day [72 hours] of
incubation whereas the other stralifibrio aestuarianusand Exiguobacterium straishowed maximum
activity on 4" day [72 hours] of incubation.

Fig. 1. Chitinase production by respective strains for annicubation period of 5 days.
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Chitinase from all the six bacterial strains wasffd by Ammonium sulphate precipitation and d&$y
followed by a two step chromatographic techniquar exchange chromatography followed by gel
filtration chromatography. The over all purificatisummaries are presented (Table IV to Table VII).

Table IV. Purification of chitinase from V. Aestuarianus.

S.No | Fractions Protein | Total Activity | Specific Yield Fold
(mg) (u) Activity (%)
1 Crude 0.73 50.0 68.5 100 1
2 Ammonium sulfate 0.2 34.0 170.00 68 2.48
fractionation
3 lon exchange 0.06 27.0 450.0 54 6.6
4 Gel filtration 0.05 23.0 460.0 46 6.75

Table V. Purification of chitinase from F. Odoratus.

S.No | Fractions Protein | Total Activity | Specific Yield Fold
(mg) (u) Activity (%)
1 Crude 0.68 69.6 102.35 100 1
2 Ammonium sulfatel 0.15 544 362.7 78.2 3.54
fractionation
3 lon exchange 0.08 32.9 412.0 4703 4.08
4 Gel filtration 0.05 235 470.0 33.8 4.60

Table VI. Purification of chitinase from S. Putrefaciens.

S.No | Fractions Protein | Total Activity | Specific Yield Fold
(mg) (u) Activity (%)
1 Crude 2.8 278.5 99.5 100 1
2 Ammonium sulfate 1.2 2235 186.25 80.25 1.9
fractionation
3 lon exchange 0.9 192.56 213.96 69.4 2.15
4 Gel filtration 0.6 160.8 268.0 57.75 2.70

Table VII. Purification of chitinase from Exiguobacterium strain.

S.No | Fractions Protein | Total Activity | Specific Yield Fold
(mg) (u) Activity (%)
1 Crude 0.75 84.0 112.0 100 1
2 Ammonium sulfate 0.2 62.0 310.0 73.8 2.8
fractionation
3 lon exchange 0.2 41.8 418.0 49.8 3.73
4 Gel filtration 0.08 37.6 470.0 44.8 4.2

For all the samples, the chitinase activity andtgino concentration was determined for the crude
supernatant and after ammonium sulfate fractionatias clear from the results that the specifitivity

and fold increased after each step of purificatidie chitinase activity was measured for all thees
obtained from ion exchange chromatography. Therbbsgce was read at 540nm. The specific activity
was increased several fold after ion exchange catmgnaphy. The protein concentration was determined
at 660nm for all active fractions. The elutes whetiowed highest concentration of protein were mhole
concentrated and subjected to gel electrophor&imilarly after gel filtration process, the specifi
activity and fold increased for all the isolatedtictolytic bacterial strains. The chitinase of
v.aestuarianushows moderate yield with good purity. The chimafs.putrefacienshows high yield
with low purity.
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The molecular weights of chitinases from marinetéxda are mostly around 60 kD&"'??*2? However,

in this study the molecular weight of the pure iclaise was determined to between 21KDa to 30 KDa
for all the samples. Eventhough there is highimd$te activity among the strains under study, telly
and fold decreased upon purification. This reflebis practical problems of extracting and purifying
chitinase from marine microbial strains.

The enzyme was active over a range of pH 5.0 —(Bi@. 2) with an optimum pH of 8.0 fos.
putrefaciensas many marine bacterial chitinases showed brogideoptimd™! or were more active in
neutral or slightly alkaline conditiofs®  The pH optimum of the chitinase produced byisg
V.aestuarianus, F.odoratuand Exiguobacterium is similar to that of the chitinase from vibrip-s
98CJ1102% enteric bacteriurEwingella americandand from kidney bearfs

Fig. 2. Effect of pH on activity of Chitinase.
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The effect of temperature on activity of the enzymas determined by subjecting them to various
temperatures ranging from 10°C to 50°C (Fig. 3)e Tésults indicated that the temperature optimum fo
this enzyme is 40°C for the straiffsaestuarianusnd S. putrefaciensThese isolates showed a similar
temperature optimum to those of other marine bac{@eromonas hydrophil&l-2330, Alteromonassp.
O-7%  and Pseudomonas aeruginos&-187°. However, the chitinase fronF.odoratus and
Exiguobacteriumhas the temperature optima at 30°C and 10°C raselc(Fig. 4). The optimum
temperature comparison between the four isolatggven (Fig. 5). This was also in accordance with
other reports in literature such Asthrobactersp. NHBN-1G2 Vibrio alginolyticusTK-22. Chitinase
from Vibrio alginolyticusTK-22 was stable at 40°C for 30 rffimnd purified chitinase ofibrio sp. P-6-1
was stable at 40°C but completely inactivated 856 30 miri°.
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Fig. 4. Effect of Substrate concentration on actity of Chitinase.
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Fig. 8. Effect of 1:0mM FeSQon activity of Chitinase.
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The effect of substrate concentration on the dgtiof the enzyme was determined by assessing the
enzyme activity at different concentration of sultgt ranging from 0.5% to 2.5% of Colloidal chitin.
Results suggested that 2.0% colloidal chitin hgk Bpecificity for chitinase from all the sampleence,
2% Colloidal chitin was the ideal substrate coneditn for the maximum activity of Chitinase of #ie
isolated chitin degrading bacterial cultures (Big.

Among the different salt ions analyzed at differemicentration, the ZnS@as the best activator for the
Chitinase activity among all the bacterial chit@aamples followed by KCI and Ca®@Vhereas, FeSO
was showing the most inhibitory activity on the @Bfdase activity. The results of effect of different
concentrations of a 10mM solution of Zinc Sulph&etassium Chloride, Calcium chloride and Ferrous
Sulphate are shown (Fig. 5 to Fig. 8). Other chi@s fromA. hydrophilaH-2330, Alteromonassp. O-

7% E. americand, P. aeruginosak-187%%), and Fusarium chlamydosporuthwere also inhibited by
Fe2+, Fe3+ and/or Cu2+. Chitinase frédteromonassp. strain O-¥ was activated by Na+ and Ca2+.
The inhibition of chitinase by Fe2+ and Cu2+ cobérelated to the residues of aspartic and glutarmi
acid in chitinases. It has been shown that theseaatids in the active sites of chitinases bindedain
divalent cations, thereby possibly inhibiting ohétse¥.

CONCLUSION
The capability of this chitinase to hydrolyze calla chitin efficiently, broad pH activity and sitity
makes the enzyme industrially significant for batteological applications, especially in productiai
chitobiose and N-acetyl D-glucosamine. The chititiol strains described here were assessed also for
their ability to suppress the growth of several tppgthogenic fungi in vitro, and no enrichment
techniques were used to specifically select chigtiobacteria. Though the study has to be extertded
media optimization and production in large scalerdmctors, this finding enhances the potential of
protein modification research that could substéigtimprove the function of chitinases in the protan
of chitin or chitosan derived products and alsoas host plant defense.

REFERENCES

1. Pisano, M.A., Sommer M.J.., and Taras L.., Biodtgtiof chitinolytic actinomycetes of marine
origin., Appl. Microbiol. Biotechnol.36: 553-555 (1992)

2. Vergauwen, R. and A. van Laere., Partial charazgdn of the complex chitinolytic system in
leek @Allium porrumL.) plants J. Plant. Physiol153: 32-39 (1997)

3. Watanabe, T., Oyanagi W., Suzuki K., and TanakaQHifinase system dBacillus circulans
WL-12 and importance of chitinase Al in chitin dedgmtion.J. Bacteriol. 172 4017- 4022
(1990)

www.ijpab.com 9



V. Anuradha et al Int. J. Pure App. Bioscl (4): 1-11 (2013) ISSN: 2320 — 7051

4.

10.

11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

Yabuki, M., Mizushina K., Amatatsu T., Anda A., kUJ., Shimada M., and Yamashita M.,
Purification and characterization of chitinase ahidobiase produced byeromonas hydrophilla
subspanaerogenes 523. J. Gen. Appl. MicrobioR: 25-38 (1986)

Hirano, S., Koishibara Y., Kitaura S., Taneko Tsu€hida H., Murae K., and Yamamoto T.,
Chitin biodegradation in sand dunBsochem. Syst. Ecdl9: 379-384 (1991)

Yu, C., Lee A.M., Bassler B.L., and Roseman S. ti€hitilization by marine bacteria. Biol.
Chem.266 24260-24266 (1991)

Hiraga, K., Shou L., Kitazawa M., Takahashi S. n#ia M., Sato R., and Oda K., Isolation and
characterization of chitinase from a flake-chitimgchding marine bacteriumAeromonas
hydrophilaH-2330.Biosci. Biotech. Biochenél: 174- 176 (1997)

Ivanova, E.P., Bakunina LY., Gorshkova N.M., Roemsko L.A., Mikhailov V.V., Elyakova
L.A., and Parfenova V.V., Occurrence of chitin-depmsing enzymes in marine and freshwater
microorganismsRuss. J. Mar. Bioll8; 112-116 (1993)

Keyhani N.O., and Roseman S., The chitin catabodiscade in the marine bacterium Vibrio
furnissii. J. Biol. Chem271: 33414-33424 (1996)

Mongotmery M.T., and Kirchman D.L, Induction of tihibinding proteins during the specific
attachment of the marine bacterilibrio harveyito chitin. Appl. Environ.Microbiol.60: 4284-
4288 (1994)

Ohtakara K., Mitsutoni M., and Ugida Y., Purifiaati and some properties of chitinase from
Vibrio sp.,J. Ferment. Technoh7: 169-177 (1979)

Tsuijibo, H., Orikoshi H., Shiotani K., Hayashi NUmeda J., Miyamoto K., Imada C., Okami Y.,
and Inamori Y.. Characterization of chitinase nfra marine bacteriunélteromonassp. strain
0-7, and its corresponding gene and domain streicAppl. Envion. Microbiol.64: 472-478
(1998)

Reinheimer G., Mikrobiologia wod. PWR i L Warsza(#887)

Austin B., Marine Microbiology. Cambridge: Cambratniversity Press (1988).

Svitil A.L., N6A Chadhain, S.M., Moore J.A. and Kirman D.L., Chitin degradation proteins
produced by the marine bacterium Vibrio harveyivgrg on different forms of chitinApplied
Environmental Microbiology 63: 408+413 (1997)

Alam M.M., Mizutani T., Isono M., Nikaidou N. and &&nabe T., Three chitinase genes (chiA,
chiC and chiD) comprise the chitinase system ofilB&c circulans WL- 12.Journal of
Fermentation and Bioengineerin@®2: 28-36 (1996)

Gal S.W., Choi J.Y., Kim C.Y., Cheong Y.H., ChoiJY,.Lee S.Y., Bahk J.D. and Cho M.J.,,
Cloning of the 52-kDa chitinase gene from Serrat@rcescens KCTC2172 and its proteolytic
cleavage into an active 35-kDa enzyrREMSMicrobiology Letters 160 151-158 (1998)

Vogan C. L., Costa-Ramos C. and Rowley A. F., Adhigjical study of shell disease syndrome
in the edible cralGancer pagurusDis Aquat Org.47: 209-217 (2001)

Tao yong, Jin Hong, Long Zhangfu, Ding Xiugiong,oT&e, Ge Shaorong, Liu Shigui.,
Purification and characterization of an extracaliuthitinase produced by bacterium @énals

of Microbiology, 55: 213-218 (2005)

Thanmthiankul S., Suan-Ngay S., Tantimavanich &nbRngred W., Chitinase from Bacillus
thuringiensis subsgRakistani. Appl. Microb. Biotechnobg: 395-401 (2001)

Miller G.L., Use of Dinitrosalicylicacid reagent rfadetermination of reducing sugar&nal.
Chem, 31: 426-428 (1959)

Bradford M.M., (1976) A rapid and sensitive metHod a quantitation of microgram quantities
of protein utilizing the principle of protein-dyeniding. Analytical Biochemistry 12: 248-254
(1976)

www.ijpab.com 10



V. Anuradha et al Int. J. Pure App. Bioscl (4): 1-11 (2013) ISSN: 2320 — 7051

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Laemmli U.K., Cleavage of structural proteins dgrthe assembly of the head of bacteriophage
T4. Nature, 227. 680-685 (1970)

Henrissat B., Classification of glycosyl hydroladesed on amino acid sequence similarities.
Biochemical Journa) 280 309-316 (1991)

Henrissat B., and Bairoch A., New families in thassification of glycosyl hydrolases based on
amino acid sequence similariti@&ochemical Journal, 293: 781-788 (1993)

Trachuk, L.A., Shemyakina, T.M., Chestukhina, Gdbd Stepanov, V.M., Chitinases from
Bacillus cereus: isolation and characteristRischemistryMoscow)61: 267-275 (1996).
Watanabe T., Kobori K., Miyashita K., Fujii T., SakH., Uchida M. and Tanaka H.,
Identification of glutamic acid 204 and aspartiéda200 in chitinase Al of Bacillus circulans
WL-12 as essential residues for chitinase activiburnal of Biological Chemistry268 18567-
18572 (1993)

Tsujibo, H., Yoshida Y., Miyamoto K., Imada C., @kiaY., and Inamori Y., Purification,
properties, and partial amino acid sequence fromagine Aeromonassp. strain O-7Can. J.
Microbiol., 38 891-897 (1992)

Wang S.-L. and Chang W.-T., Purification and chemdzation of two bifunctional chitinase by
Psudomonas aeruginok-187 in a shrimp and crab shell powder mediusppl. Envion.
Microbio., 63: 380-386 (1997)

Lee H.S., Han D.S., Choi S.W., Kim D.S., Bai D.idaYu J.H., Purification, characterization
and primary structure of a chitinase frétaeudomonasp. YHS-A2.Applied Microbiology and
Biotechnology.54: 397-405 (2000)

Inglis P.W., and Peberdy J.F., Production purifarabof chitinase fronEwingella americanaa
recently described pathogen of the mushroAgaricus bisporousFEMS Microbiol. Lett. 157
189-194 (1997)

Boller T., Gehri A., Mauch F., and Vogeli U., Chiise in bean leaves: induction by ethylene,
purification, properties, and possible functi®tanta., 157: 22-31 (1983)

OKAZAKI, Katsuichiro; KAWABATA, Toshiyuki; NAKANO, Masahito and HAYAKA,
Shigeru. Purification and properties of chitinasenf Arthrobacter sp. NHB-10. Bioscience
Biotechnology and Biochemistrg3: 1644-1646 (1999)

OHISHI, Kazuo; YAMAGISHI, Masaoki; OHTA, Toshiya; (&ZUKI, Mitsuaki; IZUMIDA,
Hitoshi; SANO, Hiroshi; NISHIJIMA, Miyuki and MIWA,Tan. Purification and properties of
two chitinases fronVibrio alginolyticusH-8. Journal of Fermentation and Bioengineering2:
598-600 (1996)

TAKAHASHI, Mamoru; TSUKIYAMA, Tadashi and SUZUKI, dmoo. Purification and some
properties of chitinase produced by Vibrio dpurnal of Fermentation and Bioengineerjiv:
457-559 (1993)

Mathivanan N., Kabilan V., and Murugesan K., Pgdfion, characterization, and antifungal
activity of chitinase fronfFusarium chlamydosporuna mycoparasite to groundnut rudtjccina
arachidis Can. J. Microbiol.,44: 646-651 (1998)

Hayashi K., Sato S.l., Takano R., Tsujibo H., OsikioH., Imada C., Okami Y., Inamori K., and
Hara S., Identification of the positions of disd#ibonds of chitinase from a marine bacterium,
Alteromonassp. strain O-7Biosci. Biotechnol. Biochem59:1981-1982 (1985)

Milewski S., ODonnell R.W., and Gooday G.W., Chemhimodification studies of the active
centre ofCandida albicanshitinase and its inhibition by allosamidih. Gen. Microbiol.,138:
2545-2550 (1992)

www.ijpab.com 11



