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ABSTRACT

A novel Bacillus subtilis (JN032305), strain waslaged from Chilli rhizosphere soil. It exhibitédoad-spectrum
antifungal activity against nine potent chilli patjens. The Strain was detected for chitinase priboluc on

colloidal chitin plates.. The strain was able tooduce Chitinase (1 U/mL) on Nutrient broth (NB) awched with

colloidal chitin (10g/L). The optimization of fernmtation medium for the production of chitinase big tstrain was
done using Plackett- Burman design. The proceduniteld the number of actual experiments performédew
allowing for possible interactions between the comgnts. The Design revealed that for chitinase petion, CMC

(10g/L), incubation period of 72 h, and temperat89°C) were very significanfThe Chitinase activity with
unoptimised medium was 1 U/mL and that was enharierdolds to 11.5 U/mL under optimized condgiaising

Plackett- Burman design.
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INTRODUCTION

Chitin, an insoluble lineapl,4-linked polymer of N-acetylglucosamine, is a coom constituent of fungal cell
walls and of the exoskeletons of arthropods [1]itiGdises are the enzymes responsible for biologigdtolysis of
chitin to its monomer N-acetyl glucosamine [2] ahdve been found to be produced by a number of
microorganisms. Chitin degradation is a key stegyioling of nutrients in the environment. Theseyenas are
known to perform several biological functions. Ba@ produce chitinase to digest chitin and utilizas carbon
and energy sources [3]. In addition, some chitisafechitinolytic bacteria, such as tbhkiA gene produced from
Serratia marcescersnd Enterobacter agglomerarare potential agents for the biological contropt#nt diseases
caused by various phytopathogenic fungi [4, 5]. Hteer enzymes inhibit fungal growth by hydrolygithe chitin
present in the fungal cell wall. Various speciesBakillus have been shown to secrete chitinase, including
Circulans[6], B. Licheniformid7,8] and some others [9]. The ability Bf subtilisto suppress a wide range of plant
pathogens and also its reputation as a safe amaddfyi microorganism is attractive. Many isolatesBofsubtilis
display antagonistic activity against a number i&-parvest and post-harvest pathogens on sevédfaletit crops
[10-12]. Chilli (Capsicum annuurh.) is an important vegetable and spice crop woididwproduced and consumed
as fresh or processed. The popularity and demanctHitli are providing a boost to the chilli indegt but
production is increasingly constrained by chillapi diseases. The chilli wilt has been found asbst frequently
encountered disease problem [13]. Several microdsges may be involved in causing wilt diseaseshitlicThe
four diseases that lead to wilting in chilli alPdaytophthoraroot rot, Verticillium wilt, Rhizoctoniaroot rot, and
Fusariumwilt.

Studies on medium optimization for chitinase prdaucis a worthwhile technique for multifactor expments
because it is less time consuming and capabletettieg the true optimum level of the factor. tdaion, medium
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compositions greatly influence the microbial praitut of extracellular chitinase and their interaatiplay an
important role in the synthesis of this enzyme [Tjtimizing the parameters by statistical methexdlurces the time
and expense. Several statistical and non statistiethods are available for optimization of mediaonstituents
[14]. Plackett-Burman and response surface metloggaire the most widely used statistical approaftss

The objective of the present study was to optirtfisemedium and growth conditions for the productiérighly
active chitinase by a biocontrol strainBdcillus subtilisS(JN032305)
using statistical design of Plackett-Burman .

MATERIALS AND METHODS
Organism and culture conditions
Bacillus sp capable of producing chitinase was isolatedhftbe Chilli rhizosphere. It was identified Bacillus
subtilis by morphological, biochemical and 16S rDNA seqeenoalysis. The Gene-Bank accession no. for the
nucleotide sequence is JN032305.

Dual plate assay

The fungal growth inhibition capacity of the straias determined [16]. A few modifications were méalsuit the
need. One 5 mm disk of a pure culture of the pghavas placed at the centre of a Petri dish ainaPDA. The
Bacillus subtiliswas inoculated at 2 opposing corners. Plates imetdated for 72 h, at 28, and growth diameter
of the pathogen was measured and compared to tgnowth, where the bacterial suspension was repldzy
sterile distilled water. Each experiment usingragls pathogen isolate was run in triplicate. Raswire expressed
as the means of the percentage of inhibition ofujnoof the corresponding pathogen in the preseficthe strain.
Percent inhibition was calculated using the follegvformula: % inhibition = [1 - (Fungal growth / 6ol growth)]
x 100

Enzyme assay

The culture was grown at 30°C with 120 rpm for 2200 pL of the culture inoculum was transferre@5® mL
Erlenmeyer flask containing 100mL of broth mediuithwg/L): Peptone, 5; Beef extract, 3; NaCl, 5 @wlloidal
chitin, 10. The pH of the medium was adjusted busing 1N NaOH before autoclaving. All the expesirts were
performed in duplicate. The culture broth afterh7@f incubation was centrifuged at 10,000 g fomii@ at 4°C to
separate the cells. The cell-free supernatant walyzed for enzyme activity.

Chitinase assay

Chitinase activity was measured with colloidal ichés a substrate. The cell free supernatant altaivas added to
1.0 ml of substrate solution, which was made bypending 1% of colloidal chitin in Phosphate buffeH 7.0). The
mixture was incubated at 50°C for 30 minutes. 1DNS was added and incubated at 100°C in boiliatewbath.
The amount of reducing sugar produced in the sap@nb was determined by Dinitrosalicylic acid MetH®NS)
[17]. One unit of chitinase activity was definedthe amount of enzyme that produced 1 pumol of rnedusugars
per min[18].

Screening of the Most Significant Medium Componentby Plackett-Burman Design

Optimization of medium components for chitinaseduetion byB. subtilisisolate JN032305 was performed in two
stages. At the first stage, the components that kaynificant effect on enzyme production were tded. At the
second stage, the optimum values of these compef@nthitinase production were determined.

Initial screening of the most important componeaftecting chitinase production . subtiliswas performed by
Plackett-Burman design. A total number of elevemgonents in twelve different combinations were ctelé for

this study, with each being represented at twoldevdgh (+1) and low (-1) as shown in Table 1. &ihls were

performed in triplicate and the averages of degradabservation results were treated as the resgsomhe main
effect of each variable was determined with thiofeing equation:

Exi_(SMi__SMi_)/N

whereExi is the concentration effect of the tested variaMe, andMi_ are chitinase activity in trials where the
independent variableX{) was present in high and low concentrations, retsgy, andN is the number of trials
divided by 2. When the sign is positive, the infloe of the variable upon chitinase activity isagee at a high
concentration, and when negative the influencehef\ariable is greater at a low concentration. fdificrosoft
Excel, statisticak-values for unequal paired samples were calculfdedietermination of variable significance.
Because three trials of the design could not besored, the main effects of the variables were tated taking this
fact in consideration.
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Enzyme assay with optimised conditions

The culture was grown at 30°C with 120 rpm for 2280uL of the culture inoculum was transferre5s@mL
Erlenmeyer flask containing 100mL of broth mediunthwalterations made after statistical optimizatimas
employed, (g/L): CMC, 10; Peptone, 5; Beef extr8¢t,NaCl, 5. The pH of the medium was adjusted.@®using
1IN NaOH before autoclaving. All the experiments evperformed in duplicate. The culture broth aft@rh of
incubation was centrifuged at 10,000 g for 10 mid®C to separate the cells. The cell-free supernatsas
analyzed for enzyme activity [19,20].

RESULTS AND DISCUSSION

Members of the genwBacillusare well known for their potential to secrete a bemof degradative enzymes such
as chitinase [21]. Detection of chitin-degradingtieaia from natural sources such as rhizosphetéssaseful in the
isolation of bacteria that produce antifungal drestnovel compounds. A high correlation betweetirolysis and
production of bioactive compounds has been repoj2ee24]. Many members of the family Bacillaceaee a
generally soil inhabiting bacteria or exist as épips and endophytes in the spermosphere [25]rapdsphere [26-
28]. For this reasonBacillus species are ideal candidates for use as biocoamfyerits in seed treatment programs
against soil-borne pathogens [25].

The present organism under studB,.subtilis (JNO32305) exhibits a broad spectrum inhibitidnpotent chilli
pathogens by the production of chitinases. Blsubtiliswas subjected to dual plate assay with nine rdiffechilli
fungal pathogens. It showed broad spectrum antago againstAlternaria (3) spp. (55%),Colletotrichum
gloeosporioideg57%), Phytophthora capsicf55%), Rhizoctonia solan{42%9, Fusarium solan{42%), Fusarium
oxysporum(40%) andVerticillium theobromag36%), the range of percentage inhibition vafiedn 40-62 [29].

Evaluation of effect of environmental factors on @itinase production using Plackett-Burman experimetal
design

The production of extracellular enzymes by micr@migms is greatly influenced by media components ather
environmental factors. The 11 different independartables examined with their levels, main efféatalue and
Significance has been represented in Table 1. nid&ia effect of each variable on the enzyme agtikids been
analysed and depicted in the figure 1.

For the production of the enzyme chitinase, d#fervariables exhibited positive and negative ¢$fed he factors
which had a positive effect were CMC, KNQACSL, TX100, incubation period, temperature and pblwever,
glucose, YCW, CaGland Chitin had a negative effect (Figure 1). Stathl analyses of the datiat¢st) showed that
variations of YCW, CMC, incubation time and tengdere affects Chitinase very significantly (Tal)e

The comparison of chitinase activity between unojsted and optimised media showed a ten fold ineréasn 1
U/mL to 11.5U/mL respectively. Thevalue was 18.999 and was found to be statistiocadly significant (P<

0.05). The Plackett Burman design has helpedrizesing of the essential components for chitinaedyrtion and
also has identified the factors which are very idicgnt and not significant for production. Thendings are
concurrent with the earlier research papers [30].

Table 1: Degree of positive or negative effect afidependent variables on B.subtilis chitinase accondg to the levels in the Plackett-
Burman experimental design

Variable | Symbol | -Level [ + Level| Main effect| t-value | Significance
Glucose (g/L) G 0 5 -2.16 -6.70 S
YCW (g/L) Y 0 10 256  -1161 VS
CMC (g/L) cM 0 10 2.26 11.01 VS
KNOs (g/L) K 0 0.1 0.73 2.96 NS
ComSL(gll)  CSL 0 0.1 0.33 1.80 NS
TX100 (mM) T X100 0 5 1.33 2.30 NS
CaClL(mM) C 0 50 -0.36 -1.35 NS
Time(Hrs) T 24 72 2.16 27.57 VS
Ph P 5 7 1.2 5.96 S
Chitin(g/L) ch 0 10 2.0 -8.66 s
Temp(°C) Tm 24 72 2.0 97.45 VS

Bold type indicates positive effect, italic typdiagates negative effect. Very Significant (VS)nkigant (S); Non-Significant (N.S) (t < 0.05).
(Key: YCW-Yeast Cell Wall extract, CMC- Carboxy eCellulose, Corn SL-Corn Steep Liquor, TX100tofrX 100)
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Figure 1: Elucidation of factors affecting chitinase activity
CONCLUSION

The role of chitinase in the biological control wdrious fungal pathogens has already been estadlif3i-35].
Several chitinolytic organisms such Bseudomonas spnd Streptomycesp. isolated from the rhizosphere have
been shown to be potential biocontrol agents [36-3Bice the chitinase producimigy subtilis(JN032305) was
originally isolated from the Chilli rhizospherejstbacterium could be an ideal candidate for biglaigcontrol of a
broad range of Chilli fungal pathogens.
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