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Chitinaze and chitmdeacetylase and enzymes capable of degrading chitin inlo chilnofigomers and
chitosan, The chitinases characterized and porified In this simdy were extracted from e sciduphilic
Bacillus sp. isolated from Eamojpmg Crater West Java Indonesia.

When grown in Tiguid media contsinmye colleidal chitin, the optimum chitinase activity of the
acidophilic isolate was reached after 435 days of incubation, Fhe oftimum temperatns and pH of the
chitinase and chitin deacetylass were found at 37°C and pH 5. When incobated at pH 3, the activity of

chitip descetylase was increased; after 35, the activity was 1.5 mes of the control. The enzyme was .
stable at pH 4, after 2 b incubatinn, the actvity was sdll 30% ufd\ccmtm] The chitinase and ghitin e A
anﬂﬂu""mhﬁnbdﬁmchmnﬂ:'

deacctylase activitics wers oot influenced by Mg™ nor Ca™ . Ni™
activity, while chitin deacerylase activity was not affected by Co™™ addition. When 1 mM of EDTA

maddnd,ma:mmmmywaﬁmmafmmw mﬂ]%

K“qwnlﬂ Chitiraze; Chitin dﬂcﬂtylam; Enryme dm::mi_s&cs; Imubahﬂn

INTRODUCTION

Chitin, a polymer of BlL4-N-acetylglucosamine umits ia
the second mest shundanl polymer in natore, . after
celiulose, Chitin is present in insects, crustacea mod in
most fungl. Commervial chitin can be produced from
crabs and shrimp shells. Chitosan is the deacetylase form
of chitin and iz made through deacetylation process.
Chittn and chitoolpgomers prodoced by enzymatic
hydrodysis of chitin can be uwsed in human health care,
Dae to the charge presest in the molccule, chitosan find
wider nsages, examples of chitdsan apphcaamm are: 8s
flocculant, as food preservatives and stabilizer, in enzyme
and cell mmobalization, proten scparation, cell recovery
amd in reverse osmosis technology [3~3,7,100. For some
applications, uniforly deacetylated chitosan is required.
It is recogmized that the thermodeacetylation process
currertly used to produce commercial chitosan is non
specific and the product shows variability in the degree of
deacetylation. The commercial interest in the utilization of
chitin and jts derivatives has led to the need for
inexpensive, reliable sonrces of active and stable chitinase
and chitin deacetylase preparations. Production of

inexpensive chitinelytic enzymes is alm.-impmtan{in the

uiilizagion of shelifish waste in solving emvirommental

problems as well as promoting the ECORDMic ?a.lna of

‘marine products.

Chitinaze (EC 3.2.1.14) and N—amty!glucmmnhsg .
(GlcNAcaze} (EC 3.2.1.30) are enrymes capsble of
hydrolyzing insoiuble chitin to oligo and menomeric
components. Chitinaser can be classified m two major
categories, endochitinase (EC 3.2.1.14) which cleaves
chitin randomly at intecnal sites, generating solobie low
molecular mass maltirsers of Nacetylghucosamime, and
exochitinase (BC 3.2.1.29) which catalyze the progressive
relesse of monomers or dimers from the non reducing end-
of the chitin microfibril. The enzymes fomd in nirmerons
bacteria, fungi, insects, plants, and mimale are mvolved in
natural protection mechanisms; therefore, soil borne
microonganisms that produce chitinass are considered 43
potential bincontrol agents against fumgi {3,7,10}
Chitinolyiic. bacvteria are typically detected by the
production of clearing zones on agar containing chitin.

Current limitaton on ibe use of indostrial enzymes are
dur o the sost of isolation of the enzymes from natural
reacurces, their instability, and their acthvity within narmow
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temperamire and pH ranges. Scientists have focused their
attention on microorganisms, which have developed the
capubility duripg the coutse of evolution of living under
exlreme environmental conditions. As an example, the
acidophilles as factories for production of novel enzymes
cupable of standing particutarly aciducus environments
become valuable for specific nses.

This research is a preliminary stady on the exploration
of chilinase producing microorganisms, isofated from
Weat Java Indonesia, in particular, those oban acid nature.
In this preliminary exploration, we present our result on
the biochemical characteristics of the potentisl chitinace
aind chitin deacetylase enzymes.

MATERIALS AND METHODS

Enzyme Production

Chutmolytic isolates were screencd from samples col-
lected in Kamojang West Java Indonesia using a selective
media containing (NI,); 50, 0.7%, K;HPC, 0.1%, NaC1
0.1%, MgS0,TH,O 0.01%, Yeast Extract 0.2%, Toplon
0.1%. Incubation tcmperature and pH were 37—50°C and
pH 3-5. The microorganisms which produced the larpest
clearing zome were selected, transferred and purified for
merphological and biochemical analysis,

The selected chitinolytic bacteria {Tsolate K-22) ware
grown in stmilar fiquid media, at pH 5 and 37°C
At specific times of incubation, samples were taken und
assayed for prowein {1] and enzyme activity. The encymes
wers isolated at optimom fermentalion Gme, and
fractionated osing 40-50% amunonium sulphate. The
resulting fractions were dialyzed against 20mM Tris
buffer (pH 7 osing a specific membrase (Sigma, 12,500
mulccular cwt offt and chromatographed unte DEAE
Scphadex A 50. The enzymes were eloted with a 010
NaCl gradient in 20mM Tris buffer (pH 7).

Preparation of Colloidal Chitin and Assay for Enzyme
Activity

Commercial chitin (20¢) was nuixed with concentrated
HCI (460 ml), stored at 4°C for 24 h, filtered through glass
wool, and centrifuged to obtain the precipitated substance,
The eciloidal chitin was recovered after adjuating the pH
to 7 with NaOH, followed by centrifugation at 600z for
15 min,

The method used for asalyzing chilinase achivily was
that reported by Ueda and Arar [12]. A reaction miziure
contuining 1 ml of 0.3% of colleidal chiting 2ml of 0.1 M
aceiate/phosphate baffer (pH 4 or ) and 1 ml of enzyme
solution was incubsted for 1h at 37°C. The remaining
chitin in the reaction mixture was measured by solution
wibidimetricaly at 660am, One umit of activity was
defined 45 the amount of eazyme catsing 2 0.00! decrease
in the absorbance at 560 mm/min.

The method used for analyzing chitin deacetvlase
activity was that reported by Tokuyasu ef al [11] using
a waier soluble glycol chitin as the substrate. The
EnZyTne was assayved m XmM sodium tetraborate/HC]
butfer (pH 5.5) using 0.15% glycel chitin as a substraie.
The reaction was initiated by addition of 40ul of
enzyme solution 1 160pl of a reaction minture.
Incubation time was 20min at 30°C, and the resction
was terminated by the addition of 200 ul of 33% (w/iv)
acetic acid. Upon termination of the resction, the
concentration of glucosamine residues produced by the
deacetylation reaction was spactrophotometrically euti-
mated following oxidation with sodivin mitrite, followsd
by addidon of indole HCI as described by Dische and
Borenfresnd [2].

RESULTS

The acidochitinclytic isolates from Eamojang, were
screened based on the typical clearing zone surrounding
the colonies observed in the sclective medim The
chitinolvtic index was measured as the ratio of the
dizmeter of the clearing zone npon the diameter of
the colonies. The sclected isolate (K-22) were capable of
growth m pH 3.5-5, but the clearing zone were more
intensive when they were incubated af pH 5. The isclate
was characterized as spore forming, gram positive rod
shaped bacteria of the Bacillus typo.

When grown in the chitin containing hiquid media, the
optimum fermentation time was 4—5 days (Fig, 1). This
is considered longer compared to chitinase production
from the thermophiles isolsted from the same ara
which showed optimum enzyme activity after 24-30hb
of incubation {[research sHll in progress). Owur stody and
athers, find that the chitinases were optimally produced
in the siationary phase, indicating the utilization of
simpler carbon sources during the first step of growth
(Fig. 1. -
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FIGURE | Growsh of the chitinolyiic Sesifes K-22 in chitin
conminiug tedia. The wowth was owesured o S00mb. Fur the
chitinaga aseay, cedhnidal chidn was el s che sobstrate g2 thenrioned
ander “Matecials and Methods™ secton. The <nzytos sulivily wes
reprveied gz Ufmil Riteste. s: Chrerwth (0D = Optieal Dessty ¥-22),
C Chitipagze sctivity,
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FGLURE 2 The effect of wmperanie on e chitinese and chiop
deacerylase activity of Bacilius E-22. The subsirate umed for the chitinass
agsay was colloidal chitin 48 described by Usds and Arsi [12), wrhile for
the chitin dracctylane sssay. glycol chin was ased as described by
Takuyaau & al [11]. The sclivily of opbimum iemperaiine was egamed
an LU (1 2 11 Tfmig for chitnase aod 1.3 Ukng for chitin deacetylase). O:
Chitinsse, A; Chitm deacelfylese,

Among the chitinase isolates, the highest enzyme
activity was shawn by the K-22 isolate {D.755 U/mg). This
isolate was used For further characterization.

The optimum temnperature for the chitinase and chitin
deacetylaze activity was 37°C, while the optimum pH waz
5 (Fips. 2-4). Figure 5 shows that the chitin deacetylase
produced by the Kamojang Baeiflus K-22 was more stable
compared with the chitinase at low pH (Fig. 4). When
incubated at pH 4, the chitin deacetylase setivity was still
at 60% of the control, while that of the chitinaze waz
almost comnpletely inactivated after 1 b meubation. At pH
5, the chidn deacetylase activity was in fact increased up
to 1.5 times of the control, duimg the 2.5h incubation,
while that of the chitinase was reducad to T0% of the
contrel following 2 b incubation,
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FIGURE 3 The effect of pH oo the chitinase and ohitin deacciylass.
activity of faciffes K-22. The snbsrane used for the chifinase asgay was
colloidal a5 described by Uedo and Asail {121, while for the chitin
deacetylse assay, ghveal chitm was osed a5 described by Tolmyaso =t af.
f11]. The activicy af optimomm emperaibre wis setar 1 012 Tlhmg for
chitimase and [.3Lmg for chitin deacetylase) O Chitimess, 4- Chilin
deacerylase,
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FIGFURE & Stbility of chitinesc at pH 4 and 5. The enzyme was
ncubaked for varions bmes it citratn pioaphate befer 0, F M (pH 4 and 5
at ITC. The encyine activity sct as | 00% beforn incubation {time: zer)
wiz 1.1 Umg. O pH 4, Az pH 5.

The effect of divalent colions on chitinase sctivity is
varied, depending on the enzyme sources. Chifinase
excreted from Collerotrichum fndermughionum is ach-
vated by Cott [11], while that of Bacillur is activared by
Catt and Mntt [B]. Chitinaga from Frendomonas K-1%7
was activated by Co™, while that of Aeromonas was
acoivated by NitT [12,13]. We foond that divalent cations
MpT, Mot and Ca™* do not affect sipnificamly the
enzyme activity, while Co™ . Zn"", Cu™ and partien-
lady Ni*" inhibited the chitinase (Table T). The chitin
deacetylase activity wasnot affected by Mp™, Ca™™, and
Cu*t, while Mat*, Ni** and Co™™ inhibit the enzyme.
Mcvertheless, the strong inhibitton of the enzyme by | mM
EDTA implies a requirement for metal ion for optimum
enzyme activity.

DISCUSSION
Dyring our prelimimary exploration of the indigenows

chitin deprading enxymes, we found that Kamojang, West
Java is particularly rich in thermophiflic as well as

TABLE I The effcces of doalent cations (1 mbd) and FDTA {1 mid)
upon chitinase apd chitn descsiylae aclivites

Relative activity {91

Treabment Chitinase Chitin descetvlase
Control L0 1K
EDTA 33 5% .
MaCl: 6 105
CoaCly - L3 00 .

% B ’ 113 i
Collz 23 . BS

Nl & .3
ZnCly ] 93
Call, ; 70 i 1113

Experiments were condeeied zx desenibed 1 tw “Wateridle and Methoda™ section,
Enzyme activity of (he contred 1 regarded as 7009 (0.8 Tllfmgg for chitismss and
1.4 1ling for chefm deacarylans’, Activitics af (e enpyeies teaabed WiEh fivaboot
cativms warn salerlated as pereentage o the cpnmol
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FICURES  Stability of chitin deacetviuse at pi 4 and pH 5. The snzyme
was incobeted for varlous ames in ciirate phosphate baffer 0.1 M (piH 2
and 5zt I7°C. The actviny at 100% was 1.5 Wi, O; pH 4, A- pH 5.

acidophilic microorganisms produciag these cnzyme
{research on the thermostable chitinass 15 still in progress).
Since chitin iz & common structural component of the
arthropod cxoskelelon and fungal cell walls, it is possible
that the plants and insecls indigenous to this area may
represent a worthwhile population to study the diversity of
cncymatic reaction in a varicty of species. In addition,
chitinelytic cmcymes logether with other cxiracclliular
hydrolases are (e enzymes most frequently considered
critical in fagiitating iovesion of msectx. The soil bome
microorganisms that prodece chilinalytic enzymes found
in this area can be considered potential bicconrol agents

aguinst fungi and nematode causing disease in agricultural -

CrOpE.

The incubation time for enryme produchion in cur study
is conzidered Jonger compated (o ow study on chitinase
produciion by the thermophillies isolated from the
same area. However, Okazaki er af. [6], reported thar the
optimum incubation for chitinase producrion from
Streptomyveetes sp. J-13-3 was as long as 4 days, af
23°C, while that for Psendomonas asrugingsa K-187 was
3 days, when incubated at 45°C [13].

Beports on the biological function and biochemdical
characteristics of chitin deacetylases from micro-
organisms have not been extensive as those of the
chitinase enzymes. The enxyme is regarded important as
part of the nataral defence mechamisrnr of the organism.
Chitin deacetylase catahyse the conversion of chitin to

clitosan by deacetylation of N-acctylglocosamine resi-

dires. Thes use of chitie deacetylase for chitosan prodaction
in contrast to the presently used chemical procedures
offers the possibility of a controlled, non degradsble and
environmentally frisndly process resulting in the po-
duction of novel, well defimed chitosan oligomners and
polymers. Thus far, the enzyme has heen isolated from
Saccharomyces cerevisize and seversl fumgi, including
Cofletotrichum  [Indermeahionem [7.10.11} Presendy,

[11] Telawnsy, ¥ Kameyams, MO,

screening of micreorganisms capable of excreting chitin
descetylase is important for fahwe blotechoolomical
application, as the enzyme is considered to be a versatile
toof in bictechnology {10]. The acid stable chitin
deacetylase from the Indonestan Socilles K-22 is quite
mnique, and will be important, pot only for epzymatic
production of chitosan from the sbundant chitin
substances and wasle marine products, but also fo
molecular stodies of its stable protein conformation wmder
soid condifions. As reported in thie smudy, the enzyme
could retain 70% of its activity after incobatidn at pH 4
for 2.5h.
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