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Abstract: Problem statement: Chitin, a common constituent of insect exoskeletoould be
hydrolyzed by chitinase. The research was conductasdreen chitinolytic rhizobacteria isolated from
rhizosphere of chilli pepper and to determine tluhiitinase activity in degrading chitin of whitefly
Bemisia tabaci Genn.(Hemiptera: Aleyrodidae)Whitefly is recognized as an important pest on ynan
crops including chilli peppe&pproach: Screening and molecular identification based o8 RNA
sequence of chitinolytic isolates, chitinase prdiis, measurement of chitinase activity,
characterization of chitinase and effect of thdichse treatment on whitefly were studi&ssults: A
total of 25 isolates of rhizobacteria formed a claane on solid chitin media. Two isolates, i.65,dnd
1.21 isolates had the highest chitinolytic indexasBd on sequence of 16S rRNA gene, the isolates of
I.5 and 1.21 were identified &acillus sp. andBacillus cereus, respectively. The highest chitinolytic
index and specific activity of I.5 isolate was 0&dd 0.11 U mg proteins, respectively. Maximum
production of 1.5 chitinase was occured after 3@uitivation at 30°C and pH 7.0. The highest
chitinolytic index and specific activity of I.21ikge was 0.75 and 0.114 U Mgroteins, respectively.
Maximum production of 1.21 chitinase was occurettraB6 h cultivation at 55°C and pH 7.0. Cell
culture and crude enzyme of the isolates weredestechitin ofB. tabaci and the effect was observed
using a microscope and sterile water was usedraegative control. Hydrolytic observation showed
that crude enzyme of 1.21 isolate could degradércbi B. tabaci exoskeleton and the activity was
better than that of I.5 isolat€onclusion: Chitinase produced bacillus cereus 1.21 strain has
potential application as biocontrol agentsBotabaci.
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INTRODUCTION attacks more than 500 plant species belong to &3t pl
families. The insect is a vector of plant virusesnmber
Root colonizing bacteria (rhizobacteria) that éxer of Geminivirus group (Damayané al., 2007). In the
beneficial effects on plant development via direct past decade, whitefly-transmitted plant viruses ehav
indirect mechanisms have been defined as Plant tBrowincreased in prevalence and distribution (Damayhsati,
Promoting Rhizobacteria (PGPR). Application of PGPR2007). The impact has been devastating with yeddds
may become a promising biocontrol agent for planranging from 20-10%, depending upon the crop, seaso
diseases. Large scale application of PGPR to ceop and prevalence of the whitefly. Some diseases @dsdc
inoculants will substantially reduce the use ofralwal  with the whitefly are lettuce necrotic yellows,eigular
fertilizers and pesticides, which often pollute theripening of tomato, silver leaf of squash, cotteaficurl,
environment (Bloemberg and Lugtenberg, 2001). tobacco leaf curl and cassava mosaic.
The whitefly, Bemisia tabaci Genn., (Hemiptera: Chitin, a homo-polymer of N-acetyl-D-
Aleyrodidae) is an important pest of many crops. Itglucosamine residues linked i1, 4 bonds, is the
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most abundant renewable natural resource afte€EAA GTC-3’) and 1387r (5'- GGG CGG WGT GTA
cellulose. It is widely distributed in nature as anCAA GGC-3’) (Wahyudi et al., 2010). The PCR
integument of insects and crustaceans and as wakll condition was set up 30 cycles (Baharuddinal.,
component of fungi and algae (Toharismen al., 2010) with pre-denaturing step at 94°C for 2 min,
2005). In insects, chitin is not only synthesizeg b denaturing at 92°C for 30 sec, annealing at 55¥G3b
ectoderm cells of the epidermis, foregut, hindgut,sec, polymerization at 75°C for 1 min and post PEZR
trachea and salivary glands, but also by endodeils ¢ 75°C for 5 min. The PCR products, approximately@ 30
of the mid-gut bp, were purified and sequenced using ABI 310 (iRerk
Chitinases {poly [1, 4-(N-acetyl-3-glucosaminide)] ElImer, USA). Alignment of the 16S-rRNA sequences
glycanohydrolaseEC 3.2.1.14} are a group of enzymes was conducted by using the BLASTN program from
that able to degrade chitin directly into low-malsr NCBI  web site  (http://www.ncbi.nim.nih.gov).
weight products. Since chitin-degrading enzymes carConstruction of Neighbor Joining Tree and bootstrap
be used to convert chitin-containingw material into  analysis of 1000 re-sampling were conducted using a
biotechnologically utilizable components, theyre  software of MEGA 4.0 (Tamuret al., 2007)
significant interest of chemical and pharmaceutical
industries. Moreover, chitinase may be appliesl Growth condition and chitinase production: A
insecticides and fungicides to control pests amiydili number of 18 cells mL? were inoculated to 100 mL
pathogens of plants respectively (Merzendor@d chitin medium containing 0.3% colloidal chitin, Q%
Zimoch, 2003). MgSQ,.7H,O, 0.01% KHPO, 0.05% yeast extract,
The objectives of this research were to scree.7% (NH),SO, and 0.1% NaCl. The cultures were
potential PGPR from pepper rhizosphere which preducincubated at 37°C for 72 h on a shaker incubatouge
extracellular chitinase and to use the enzyme foat 120 rpm. The cultures were then centrifuged4@08
controlling whitefly, Bemisia tabaci Genn. as an g for 10 min to obtain the crude extract of exttatar
important pest on many crops. chitinase enzyme.

MATERIALSAND METHODS Measurement of chitinase activity and protein
concentration: Chitinase activity was measured by a
Bacterial isolates: As many as 25 PGPR isolates usedmodified of Spindler method (Toharismanal. 2005).
in this research were isolated from pepper rhizesph The crude extract of extracellular enzyme 150 pls wa
(Damayantiet al., 2007). The isolates were collected atadded to 300 pL 0.3% colloidal chitin and 150 p.1
IPB Culture Collection, Department of Biology, Fgu M phosphate buffer at 37°C, pH 7.0, 120 rpm. The
of Mathematics and Natural Sciences, Bogormixture was incubated at 55°C for 30 min. After
Agricultural University, Indonesia. centrifugation at 8400 g for 5 min, the filtrate sva
added to 500 uL distillated water and 1000 uL Sehal
Screening and selection of chitinolytic activity: The  reagent and the mixture was boiled at 100°C. Enzyme
PGPR isolates were grown in chitin agar. The mediactivity was determined by measuring absorbance at
contained of 1% colloidal chitin, 0.01% Mg&@H,0, 420 nm. One unit of enzyme activity was defined as
0.01% KHPO,, 0.05% yeast extract, 0.7% (NEBO;, amount of enzyme which released 1 pmol of reduced
0.1% NaCl and 1.5% bacto agar. Then the cultures we sugar (N-acetyl glucosamine) per minute. Protein
incubated at 37°C for 48 h. The isolates possessingoncentration was determined by the method of
chitinolytic activity which perform a clear zone e Bradford (1976) using bovine serum albumin as a
then selected. The screening was conducted based etandard.
chitinolytic index that was defined as a ratio oflaar
zone and colony diameter.  Morphological Characterization of chitinase activity: Chitinase activity
characteristics of bacterial colony and Gram stéithe ~ was measured at range of pH 4 up to 10. Effect of
isolates were also observed. temperature on chitinase activity was determined at
temperature range of 25°C up to 60°C with 5°C vrter
Bacterial identification: Identification of the isolates fromtheoptimumpH obtainedfromthe previous expent.
was determined based on sequence of 16S rRNA gene.
The DNA genome of isolates was extracted accordingeffect of crude chinitase on whitefly exoskeleton:
to the procedures of Sambrook (2001). Amplificatidn  Crude chitinase of the selected isolates were deste
the gene was carried out by PCR using Marchesihitefly exoskeleton at room temperaturéQ®C). The
specific primer 63f (5-CAG GCC TAA CAC ATG enzymes were produced at 37°C and pH 7.0. Twelve
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mature whiteflies were kept in a jar and each ing&s  This result indicated that 1.5 isolate vigexillus sp. 1.5
dropped with 20 pL crude chitinases. The abilitytted  and 1.21 isolate waB. cereus 1.21. Phylogenetic tree
chitinase to hydrolyze exoskeleton of whitefly wasbased on partial sequences of 16S rRNA gene showed
observed after 3 days of treatment using whole mourthe cluster relationship of the isolates among rthei
method. Treated whiteflies were firstly fixed wit®%  group (Fig. 1).

ethanol f or 24 h and dehydrated with ethanol 96p4.0

min. Then the whitefliesvere dropped with clove oil for - Growth and chitinase production of the chitinolytic

15 min and cleared using xylol. Each whitefly was @n  jsplates: Two selected isolates were grown in liquid

an object glass, covered and tightened with syiothesin - chitin media (pH 7.0) at 37°C. The growth rate & |

Entellari] embedding agent. Chitin thickness was observegolate was ascended from 0-12 h of incubation and

under a light microscope at 100 times magnificatiile  then the growth was relatively stable up to 72 h of

observation was conducted in two replicates. incubation (Fig. 2a). Similarly the growth rate Ia21
isolate was ascended from 0-12 h of incubation,

RESULTS however it was descended afterwardgy. (Eb).

Properties of chitinolytic isolates: There were 25

84 Isolate.21

PGPR isolates performing a clear zone around their 100 Bocillus cerous BSA 37

colony on chitin agar (Table 1). Formation of aacle Bactlus coreus BSA 26

zone indicated that the isolates produced extnaeell Iselate LS
chitinase. Isolates of 1.5 and 1.21 showed the ésgh 73 Bacillus sp. BBT91
chitinolytic index i.e., 0.94 and 0.75, respectverhe Bacillus
isolates are Gram-positive and rod shaped bacteria. e

Identification of chitinolytic isolates: Amplification
of 16S rRNA gene resulted a specific DNA fragment
of approximately 1300 bp. DNA sequence analysis of
the PCR products using the BlastN revealed that 1.5
isolate had the closest similarity Bacillus sp. BBT91
(88% similarity) and 1.21 isolate had the closest

Fig. 1: Dendogram of the chitinolitic isolates badsmn
partial sequences of 16S rRNA gene with
reference strains. The scale bar corresponds to
0.02 substitutions per nucleotide position

similarity to Bacillus cereus BSA 37(93% similarity). 14
12
Table 1: Properties of chitinase producing PGPR _ 10
Colony 3 8
Chitinolytic  Shape of Gram = -—-—---e-eereeeeee—- g6
Isolate  index the cell stain Shape Color 4
110 0.02 Rod + Round  White 2
1.20 0.01 Rod + Round White 0 0
130 017 Rod + Round  White 0 1M 36 4860 T %6
: gg 882 CR)Zgid :'_ Ezldﬂg V\/\\/Iullii ——Logcell T—n.n—eéh]zitinase activity (U mg ! protein)
180  0.05 ovoid - Round  White (@)
1.14 0.04 Rod - Round Brownish
1.15 0.08 Rod - Round Brownish 15 0.12
.21 0.75 Rod + Round White 01
125 0.0 Rod + Round  Transparent _ * 0.08
1.26 0.11 Rod - Round  Yellow 5 13 0.06
1.28 0.10 Rod - Round Brownish 3 0'04
1.33 0.10 Rod + Round White 12 PO
134  0.10 Rod - Round  White 0.02
.70 0.05 Rod - Round  Yellow B 22 38 15 co 2 o8
11.80 0.06 Rod - Round Orange Time (k)
::12 818 CRIOd - F\I;OUﬂij VV\</r|]']Itte ——Logcell -m Chitinase activity (Umg™! protein)
. . occus - oun ite b
.12 0.03 Rod - Round White ®)
11.13 0.51 Rod + Round White
.14 0.10 Rod + Round  White Fig. 2: Growth and chitinase activity of the setedc
::12 g'cl)g Eggcus B RR%“J:L @:&V\\/’v isolates; (a) 1.5 isolate and (b) 1.21 isolates.
.17  0.02 Rod - Round  Orange Growth of cell ¢) and enzyme productiorr)(
.34  0.10 Rod - Round  Yellow were measured at 37°C and pH 7.0
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isolate was at 55 and 60°C. The activity was not
detected (zero activity) at temperature between 30-
50°C. However, isolate of [.21 showed chitinase
activity at 50 and 55°C (Fig. 3). Regarding optimphkh
0.08 of the enzyme activity, it was shown that both ase$
83i had the maximum activity at pH 7.0. There was no
0.02 chitinase activity of 1.21 isolate at pH either kexthan

55 30 35 40 45 50 55 60 pH 5.0 or higher than pH 8 (Fig. 4).

Chitinase activity
coopoo
— = b
bo 4= O 0o

(mg ! protein)

Temperature (°C)
Dlsolatels  m Isolatel2l Whitefly chitin hydrolysis. About 20 uL crude
enzyme (0.08 U mg protein) of each chitinase was
Fig. 3: Effect of temperature on chitinase actiwfyl.5 used to hydrolyze whitefly exoskeleton. Microscopic
and 1.21 isolates at pH 7.0 observation showed that whitefly exoskeleton were
thinned out. Chitinases of the isolates made the
0.12 exoskeleton getting thinner after 3 days treatment.

0-1 Treatment of chitinase showed significantly differe
32: than that of control on whitefly exoskeleton. The
004 treated exoskeletons were become more transparent
= ﬂ ﬂ H than that of control particularly on the effect lo21
‘ 4 5 & 7 8 ‘ 9 I 10
pH

0.02
o crude chitinase (Fig. 5).

DISCUSSION
o Isolatel.5 m Isolatel.21
Based on sequence of the 16S rRNA gene, 1.5
isolate was similar t@acillus sp. and 1.21 isolate was
similar toB. cereus. Shanmugaiabt al. (2008) reported
that among the 39 chitinolytic bacteria which were

Fig. 4: Effect of pH on chitinase activity of |.5ic1.21
isolates. The activity was measured at 55°C

¥ isolated from rice rhizosphere, only 11 isolates
m f«‘a-,gh;a produced zone of clearance over 0.5 cm on chitin
b "C'; - colloidal agar. Chitinase production was reportad i
- different species dBacillus such a$3. amyloliquefaciens
05 mo (Wanget al., 2002),B. cereus (Huanget al., 2005),B.
@ (®) © circulans (Chen et al., 2004), B. licheniformis

(Waldecket al., 2006),B. megaterium (Donderski and
control (a), crude chitinase enzyme of 1.5 isolateBrzezinska, 2005)8. stearothermophilus (Sakaiet al.,
(b) and crude chitinase enzyme of 1.21 isolate}994), B. subtilis (Wanget al., 2006),B. thuringiensis
(c) at room temperature. Microscope SUP SP. aizawai (De la Vegaet al., 2006), B.

observation was done at 100 timesthuringiensissub spkurstaki (Drisset al., 2005).
magnification Isolate of 1.5 and 1.21 produced extracellular

chitinase hydrolyzing a substrate such as chitin
Chitinase produced by 1.5 isolate was detectedistpr colloidal. The highest specific chitinase activiyas
36 h of incubation, however the activity was notfound at stationary phase when the cells densigyaibe
detected after 60 h of incubation (Fig. 2a). Thghhst to decrease, it was at 36 h of incubation. After
chitinase activity was found at 36 h of incubation.incubated 48 h the activity was started to decrease
Furthermore chitinase production of 1.21 isolateswa yet 1.5 isolate showed no chitinase activity a#@rh of
detected starting 12 h of incubation and it wagaded incubation. Isolate of .21 showed chitinase attiwt
up to 36 h of incubation. And afterwards it was50 and 55°C. Chitinase of I.5 isolate had the tsghe
descended and still detected up to 96 h of incabati activity at 30°C and also had the activity at 55 an
The highest chitinase production of 1.21 isolateswa 60°C. There were no chitinase activity between B30 a
also found at 36 h of incubation (Fig. 2b). 50°C. It was assumed that more than one chitinase a

the crude enzymes of 1.5 isolate, which had optimum
Characterization of chitinase activity: Optimum  activity at 30 and 55°C, respectively. Chitinaseseh
temperature for chitinase maximum activity of 1.5 been isolated from variety of bacteria including
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Bacillus spp. and some of them are reported to producBloemberg, G.V. and B.J.J. Lugtenberg, 2001.

multiple forms of chitinases with different moleaul
weight (Shanmugaiaét al., 2008).

Enzyme activity was also affected by pH. Chitinase
Bradford, M.M., 1976. A rapid and sensitive method

of .5 isolate showed activity at pH 5-8 and thghaist
activity were found at pH 7. Isolate of 1.21 onlgch

activity in between pH 6 up to 8 and the optimum

activity at pH 7. Chitinase activity of bacteria nee

generally optimum at low pH, but some bacteria also
Chen, C.Y., Y.H. Wang and C.J. Huang, 2004.

had optimum pH at neutral pH (Toharismanhal.,
2005).

Molecular basis of plant growth promotion and
biocontrol by rhizobacteria. Curr. Opin. Plant Bjol
4: 343-350. DOI: 10.1016/S1369-5266(00)00183-7

for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Anal. Biochem., 72: 248-254. DOI:
10.1016/0003-2697(76)90527-3

Enhancement of the antifungal activity Bécillus

This research analyzed the ability of cell culture
and chitinases of 1.5 and 1.21 isolates in degmdin circulans chiA gene.Can. J. Microbiol., 50: 451-454.
exoskeleton of whitefly Bemisia tabaci). Damaging PMID: 15284891
level of exoskeleton caused by the treatment wa®amayanti, T.A., H. Pardede and N.R. Mubarik, 2007.
observed. Chitinase treatment made it possible to Utilization of root-colonizing bacteria to protect
hydrolyze chitin of the whitefly exoskeleton. Insec hot-pepper againstobacco Mosaic Tobamovirus.
exoskeleton shown dark color was degraded by the Hayati J. Biosci., 14: 105-109.
enzyme becoming more transparent. Objects with  http://www.ijonline.net/index.php/HAYAT |/article
higher transparency showed higher quantity of  /view/157
hydrolyzed chitin. 1.21 chitinase showed more dffec  De la Vega, L.M., J.E. Barboza-Corona, M.G. Aguilar
to hydrolized exoskeleton of whitefly than I.5. Uscanga and M. Ramirez-Lepe, 2006. Purification
Chitinase produced by isolate was a potential lbiacte and characterization of an exochitinase from
to be improved and used as a biocontrol agentdst p Bacillus thuringiensis subsp.aizawai and its action
insects such as whiteflyApplication of chitinase also against phytopathogenic fungi. Can. J. Microbiol.,
can be done by spraying it directly to the plahtaves 52: 651-657. DOI: 10.1139/W06-019
and fruits of chitinase sprayed strawberry showed nDonderski, W. and M.S. Brzezinska, 2005. The
presence of any insects nor pathogenic fungi (Koga, influence of heavy metals on the activity of
2005). Combination between chitinase arntbxin of chitinases produced by planktonic, benthic and
B. thuringiensis were found more effective in killing epiphytic bacteria. Polish J. Environ. Stud
pest insects (Patét al., 2000). Spreading of chitin to a 14: 851-859. http://www.pjoes.com/pdf/14.6/851-
plant was also an alternative application to cdrast 859.pdf
insects, because it will induce chitinolytic baiteto  Driss, F., M. Kallassy_Awad, N. Zouari and S. Jaoua
secrete chitinase (Metcalétal., 2002). 2005. Molecular characterization of a novel
chitinase from Bacillus thuringiensis subsp.
kurstaki. J. Applied Microbiol.,99: 945-53. DOI:
10.1111/j.1365-2672.2005.02639.x

Bacillus sp. 1.5 andBacillus cereus 1.21 isolates Huang, C.J., T.K. Wang, S.C. Chung and C.Y. Chen,
produced chitinase optimum at pH 7.0. Chitinase of  2005. Identification of an antifungal chitinaserfro
.21 isolate was more effective to hydrolyze a potential biocontrol agenBacillus cereus 28-9.

subtilis F29-3 by the chitinase encoded Bgcillus

CONCLUSION

exoskeleton of whiteflyBemisia tabaci) than that of 1.5 J. Biochem. Mol. Biol., 38: 82-88. PMID:
isolate. Chitinase is a potential biocontrol agesgainst 15715951
whitefly. Koga, D., 2005. Application of chitinase in agritué.

J. Met. Mater. Miner., 15: 33-36.
Merzendorfer, H. and L. Zimoch, 2003. Chitin
metabolism in insects: Structure, function and

Baharuddin, A.S., M.N.A. Razak, S.H. Lim, M.N. regulation of chitin synthetases and chitinases. J.
Ahmad, S. Abd-Azizet al., 2010. Isolation and EXp. Biol. 206: 4393-4412. DOI:

characterization of  thermophilic  cellulase- 10.1242/jeb.00709
producing bacteria from empty fruit bunches-palmMetcalfe, A.C., M. Krsek, G.W. Gooday, J. Prossedt a
oil mill effluent compost. Am. J. Applied Sci. E.M.H. Wellington, 2002. Molecular analysis of a
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