CHAPTER 1

INTRODUCTION

CHITIN

Chitin is one of the three most abundant polysaccharide in nature, in

ond to cellulose as the most
plentiful organic compo -u_.,,_' éf 10 gigatons of chitin are
synthesized and degraded ca zar, In_the bio e. Chitin is a polymer of
unbranched chains of B-1,4s nkéd fgminost ga : glucosamine (GlcNAc)
molecules, which is pa haride is found in the
marine environment afid i carbon source for the
ecosystem in the sea [\ @hemically. Cel andichitin are polysaccharide
polymers, or large mole 30!

together, like pearls on a stfand{(Figure L) The ¢l emical structure of chitin is

degrees of deacetylatxon ',and is composechynmanly of glucosamine, 2-amino-

2-deoxy-D- Glﬁﬂwww)ﬁ NE1N?

Chitin is ¥bund naturally in }he shells of crustaceans, such as crawfishes,
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of marinéizooplankton, including coral and jellyfish [3, 4, 5, sect, such as
ladybugs and butterflies, have chitin in their wings. The cell wall of yeast,
mushrooms, and other fungi also contain this natural substance [7]. Chitin can
be synthesized by some unicellular organisms, such as diatom and protozoa.

The chitin synthesized is illustrated in Figure 3.
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(C) chitosan
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Figure 1 Polymer of (A) cellulose, (B) chitin, and (C) chitosan.



(A) monomer of cellulose:
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\ momer of chitin:
- \‘\ \\’ amido-2-deoxy-B-D-
ose (NAG)

C) mox aomer of chitosan:
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Figure 2 Monomer of (A) cellulose, (B) chitin and (C) chitosan. |
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In most organisms chitin is modified by forming linkages with other
polvmers like glucans, proteins, etc. However, some centric diatoms, such as
Thalassiosira fluviatilis produce radiating spines that are the purest form of
chitin known in nature as they are fully acetylated and unlinked with other
extracellular components [8].

Electron microscopy shows that chitin is the crystalline that has a
fibrous morphology [9]. From comparison of X-ray data of chitin from
| into three groups by the molecular
conformation in nature a-chiti i ﬂ/-chjﬁn [41]. The a-chitin and

B-chitin are arranged in @ﬂ qd &

orm, respectively. The vy-
chitin is a mixed orientati orifh Of G-CHitin and B-chitin (Figure 4).

such as chitin from

different sources, chitin is classifi

Most of chitin foun
crustaceans, insects, an | -chitin in the spines of
polychaete Aphrodite, . . Lolige, the tube of Pogonophor, and
the spines of certain m ¢ .

stomach lining of Loligo.
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Chitin and its deri atl\f%*‘ are 'o """" gfest because they have various
biological activities aBii broad"iﬁfg’éo “ind ion [6, 10]. [Table 1]

yet a whole array of po pjsi' e mate a from these compounds.

Unlike most polysacchaq,d chitosan ha strong positive charge that allows
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useful as an mgr%lilent in skin and hair care products Several studies indicate
o Gl | 15 ) S i i
clotting of red blood cells. In Japan, chitosan was first used for wastewater
treatment because of its metal-binding properties, but today chitin and chitosan
are found in many products from antibiotics and surgical sutures to dietary
supplements, foods, and cosmetics. It also can be found in pet foods and is

used to make cloth for undergarments and socks.
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Table 1 Application of chitin and its derivatives.

Area of Application Example

Nutrition Dietary supplement and dietary fiber
Cholesterol reducer

Fiber source

Bifidobacteria promoter

Food

Biomedical 1g and wound dressing

a g
ealing
: and contact lenses
_~ ase treatment
" Plaque reducer - d other dental care

Sk lmtauor@hef
quﬁﬁwtw 2

AIDS inhibitor

R , Skmﬁ |

Skin and Hair care Moisturizing creams and lotion
Hair care product

Environment and Agriculture Water treatment
: Seed treatment
Insecticide




Table 1 (continued)

Area of Application | Example
Antimicrobial agent Bactericidal
Fungicidal

Measure of mold contamination in
agriculture commodities

ntrolled moisture transfer between
d surrounding environment
release of antimicrobial

Edible film industry

C Sitrolled telease of antioxidants
el i'r. case of nutrients flavors

‘% foxygen partial pressure
of respiration

\ \- ntrol

\ atic broening in

l 'll'-

\~ 0Sis membranes

cation and deacidification of
nd beverages
3 ender
—-m:. a ent
& @) g ag
ng : }j stabilizing agent
Color stabilization

Additive

5 .
Purification o wy ﬂ J ‘VI Mr ns, pesticides,

¢/  phenolsyand PCB's
ARI1ANN I UARTINBA Y
Other applications Enzyme immobilization
Encapsulation of nutraceuticals
Chromatography

Analytical reagents




In the U.S., chitin and chitosan are being used in seed treatment, ammal
feed supplementation, and water purification, as well as in hair care products
and dietary supplements. Natural substances such as chitin and chitosan
demand a closer look at a time when synthetic compounds are losing their
appeal.

Chitin can be processed into many derivative, such as chitosan, chitin

oligosaccharide and chitosan oligosaccharide. The most readily available is
itin is heated with concentrated NaOH
/to oligomer and monomer as

ent organisms as shown in

being chitosan, which is formed wh.

solution. The natural chitin:
show in Figure 5.
Different amoun
Table 2 (Muzzarelli:
Chitooligosacc hydrolysis, including
fie hydrolysis. Chemical

lymerization, varying from

alkaline hydrolysis
hydrolysis gives produci§
monomer to trimer. Di [ '1 drolysis, enzymatic hydrolysis
gives high degree of polymeriz _' f a@ from tetramer to heptamer that
can used for different apphcauom- _ idthe hydrolysis products were specific

' to free GlcNAc is
performed by a chitinol .ync system, the action of which is known to be

L a“dﬂ"ﬁ'ﬂ"}z“v’?ﬂ NINYINT
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Different organisms produce a wide variety of hydrolytic enzymes that
exhibit different substrate specificities and other properties useful for various
functions. Chitinase (EC. 3.2.1.14) is a group of enzymes, glycosyl hydrolase,
capable of degrading chitin directly to low molecular weight products.
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Figure 5 Simplified flowchart for preparation of chitin, chitosan,

their oligomers and monomers from shellfish waste [11].



A) chemical hydrolysis
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Figure 6 Hydrolysis of chitin. (A) chemical hydrolysis (B) enzymatic
hydrolysis. = N-acetyl-D-glucosamine.



Source of chitin

Fungt

Worms

Sauids/Octopus

Scorpions

Spiders

Cockroaches

Water Beetle

Silk Worm

Hermit Crab

Edible Crab

AN TUNNINGAY



13

Chitinases have been found in a wide range of organisms, including
viruses, bacteria, yeast and fungi, invertebrates, insects, crustaceans, plants, and
animals. In microorganisms, chitinases play roles in nutrition, parasitism, and
cell wall morphogenesis [13] whereas it is also required for cell separation
during growth in yeast. In fungi and protozoa, they are also involved in
morphogenesis. In plants and bacteria, chitinolytic enzvmes as well as
chitosanolytic enzymes and glucanase could be used as natural antifungal
agent, they express these enzymes to _protect themselves against fungal attack.
Especially in higher pl ﬁ“@ to be a self-defense related
protein for protection ag 15]. Baculoviruses, which

“pests, also produce chitinases for

are used for blologlcal

pathogenesis [1]. C i has recently been
described. The possibi gsted is\ \ ainst fungal pathogens

of Gaucher disease, a

Chitinases can bg lassified-'i# jor categories, including

- 3
b T iy
e

internal sites, generating solu })ﬁw

— ".ﬂ' =

glucosamine (GlcNAS) molecules, su"c{:h Ma ‘
dimer, di-acetylchi bj e divided into two
subcategories: chito iosi .1.29) [ﬁb] which catalyze the

sidases (EC. .
progressive e &il t the nonreducing end of
chitin and - 1% jﬁmfﬁﬁi Wthh cleave the
oligom d\] p.ﬁ 1dases mdl:dtmg monomers
of GlcN iﬁ aiﬁ 1 mﬁﬁ mases from

various organisms, five classes of chitinases have been proposed. These

classes can be grouped into two different families of glycosylhydrolase,
families 18 and 19 [20, 21] based on the amino acid sequence similarity of their
catalytic domains. The catalytic domains of family 18 chitinases have (B/a)s
barrel folds [22-26], whereas those of family 19 chitinases have high a-helical
content and share the bilobal o+B folding motif of lysozyme, which form a
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well-defined substrate binding cleft between the lobes (Figure 7). Chitinolytié
bacteria generally produce multiple chitinases derived from different genes.
Many chitinolytic bacteria produce only family 18 chitinases, while some other
bacteria such as Streptomyces species also produce family 19 chitinases 1271,
Family 18 chitinases are classified into three subfamilies, subfamilies A, B, and
C [28]. The classification is based on homology of amino acid sequence inside
the catalytic domain, the largest domain of enzyme which composes of at least
300 amino acid residues, compared with chitinase Al and chitinase D of
Bacillus circulans WL-12 as ‘V% 8. Chitinase subfamily A
contains amino acid resi@ ' _ 1 gpmain homologous almost

. Chitinase subfamily B

contains catalytic domaiasonoloZ s \to X ic domain of chitinase D

Mechanism oimchitinases was cleaving theﬂ3-1,4-linkages between
GIcNAc residu ‘o ﬁj | ist] ways for glycosyl
hydrolysis, onem.\ﬂ\ﬁrzgsm fﬂm&c configuration in
productse T Wi - — L

ma}ﬂlﬁm&qmﬂ%a ite lysozyme

(HEWL) illustrated that, glycoside hydrolysis required two acid residues
(Glu36 and Asp52), one of which is protonate.

In family 18, the catalytic residue was first reported by Watanabe et.
al,, for Bacillus circulans WL-12. Site-directed mutagenesis of Glu204
completely eliminated chitinase activity. This result indicated that Glu is a

proton donor in catalytic reaction. From amino acid sequence comparison in
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this group, the glutamic acid residue was found as a conserved residue in all
chitinase family 18. In chitinase A of Serratia marcescens, the catalytic
carboxylate that responding to Glu204 of Bacillus circulans chitinase A is
Glu315. Bacillus circulans chitinase Al produce B-anomer, indicated that
enzyme dose not change the anomeric configuration of C1 of the substrate, a
retaining enzyme. In consensus region of the catalytic domain of family 18
chitinases, there are several other conserved carboxylic amino acid residues,
such as Asp200 and Asp202 in chiti
and Asp313 in chitinase A from r / ns. Unlike Glu, site-directed

A from Bacillus circulans, Asp3 11

mutagenesis of Asp200 A from Bacillus circulans

decreased activity of pletely eliminated chitinase
activity  [29, 30]. §.did not correspond to
carboxylate in lyso 20 6 in Tarmily 19 barlegichitinase (G1ugo).

The family 1§#Chifighses b - P of different catalytic

mechanisms. i  family |18, chitinase indicated that the

stabilization might o n cither ths ?"“, tion between the Cl

carbon and oxygen ca nyl on acety group or via ﬂ oxazoline intermediate

M 17} 1PN 131111011 AN
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Figure 7 Three dimensional structure of family 18 chitinase and
family 19 chitinase.

Panel A: Family 18 chitinase from Serratia marcescens (chitinase A)

Panel B: Family 18 chitinase from Hevamine

Panel C: Family 19 chitinase from Barley

o-helices were shown in pink, and B-strands were shown in yellow.

(create by RasMol 2.6)
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Bacillus circulans: chitinase Al Bacillus circulans: chitinase D
. . IA ‘- .
Serratia marcescens: chitinase A Streptomyces lividans: chitinase A

>N
Z>
| iﬁw ’

Streptomyces lividans: chitinase C \&\
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homology of amino acid sequence of individual catalytic domains.

LTI TR i) XL el e

circulans ? Group B BN, the catalytic domain similarity to chitinase D from
Bacillus circulans, and Group C EE&H | the catalytic domain not similarity to
chitinase from Bacillus circulans. Arrows indicated fibronectin type III-like
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Figure 9 Mechanism of glycosyl hydrolysis catalyzed by family 18
chitinase following substrate-assisted catalysis. The oxocarbonium
jon intermediate is stabilized by an anchimeric assistance of the sugar N-
acetyl group after donating a proton from the catalytic carboxylate.
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Chitinase assay

Chitinase activity can be assayed by various procedures. These include
the measurement of reducing in size of substrate and detection of
chitooligosaccharide or GleNAc generated from the hydrolytic reaction. The
former is determined by viscosimetric or turbidimetric detection [31]. The
latter can be measured by colorimetric methods [32, 33], chromatography, such

as TLC [34], HPLC [35, 36], spectrometry and radiochemical

determination using regenerated |] Activity of chitinase can also

dq,ge ﬁgtropnorems either in non-

y 13 .&_‘\Eﬁ these methods will be

be detected directly on po
denaturing or denaturi
described in the follo

viscosity of a substrate solution, v M__j
an Ostwald viscosime m [39]. Th v '—on mixture (substrate-
enzyme) is measured at dlfferent time mtervals using various dilutions of

enzyme. The rﬁ Hﬂhﬁ m ﬁon.
The assay téchnique was claimed to be sensmve and eﬁecuve to detect a
slight auq-lm Wﬂeﬁlzﬁlﬂ procedure
numerous samples Ano

and time cpnsuming especially wi 1 consideration
is the absolute rate of decreasing in viscosity may vary between batchs of
substrate preparation i.e., degree of polymerization. Thus, it appears to be

hardly useful for absolute standardization of chitinase measurement [31].
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2. Turbidimetric (nephelometric) method

The action of chitinase on colloidal suspension results in a decrease in
turbidity. The relative turbidity is measured immediately and 2 hr after mixing
the enzyme and substrate. A 50% reduction in turbidity within 2 hours is
corresponding to 10 nephelometric units. Thus the amount of enzyme is

expressed in term of nephelometric unit. This method is rapid and accurate.

However, it is suitable only for the is?natlon of a relative high activity of

—

3. Colorimetric metho7 1

The colorimetri

enz:me [31].

reducing sugars. The o

partially N-acetylated chit g, o jegradation. This method is

suitable for chitinase Wl‘ eX0eT s aetivity. However, an accurate

hydrolysis of the tr@ od ic. | GIcNAc prior the
colorimetric detection’{31]. The G @' using ferric cyanide

reagent after boiling in“earbonate and ferric cyanide [D] The color product is

measured by sp Wﬁq ed as the amount
of enzyme that E&ﬁﬁm Iﬂn ﬁﬁz assay condition.
Howeve l«ﬁAcI ﬁé’gore pmole
eqmvale?uﬁlcNﬁxgm IEE in unit d mﬁ

The colorimetric assay is specific for GlcNAc and is applicable to

various types of chitinase present in microorganisms, animals and plants [31].
This technique is sensitive and comparable to radiochemical assay using
regenerated ["H] chitin. It has been shown that as little as 3x10™"° nmol of
GlcNAc could be detected [33]. This assay is most useful when native chitin
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or chitin containing materials like fungal cell wall are to be employed as

substrate.

4. Detection of chitinolytic activity in polyacrylamide gel electrophoresis
(PAGE)

The technique of activity staining of chitinase in polyacrylamide gel is

ase activity after resolving under
PAGE the enzyme is allowed
in the resolving gel (SDS-

first described for directly detecti
native or denaturing condmon%
to react with a glycol ¢ atedcm
PAGE, after replacmg ' _
(nondenaturing PAGE)™ Thi€ s#€att] tes. 1yt z6ne(s) corresponding to

another substrate gel

the bands of resolved chitipdses. / The lyti i1s made visible by staining

the reacted substrate gg

transsilluminator s the ability to bind the
fluorescent dye. Thus, thé ¢ : in can be viewed as non-
fluorescent band(s). Detectloa qﬁf vity on the gel fac1htates. the
identification of chiti ?': e in a crude enzyme prepatation. It is also useful

C - CHZVIHT—] A_IA\A*?

fication. This method also

combines the advantageous of high resolutlon “and molecular weight

determination t of chitinolytic
enzyme can be ﬂm ﬂﬂegr ﬁgjnjme to be assayed must be
renatura

RS@E :]sgﬂﬂ E::]tecuon ofll w :Jac VXJ' EIl:-](_fﬁwas developed.

However, the chromogenic substrate, 4-methyl-umbellifery (4-MU),
derivatives of N-acetyl-B-D-glucosamine (short chain of oligomeric substrates)
have been used instead of glycol chitin. Thus, a band of enzyme is revealed as
a bright fluorescence. Enzymes with different substrate specificity can be

determined using various 4-MU-oligomeric substrates.
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Application of chitinase

Chitinases catalyze the hydrolysis of chitin. In recent years, soil-borne
microorganisms that produce chitinases are considered as potential biocontro!
agents against fungi and nematodes, which cause diseases of agricultural crops.
Chitinases also play an important physiological and ecological rcie in

ecosystem as recyclers of chitin, by generating carbon and nitrogen sources

[59].
Chitinases have many M %cultural applications [42, 43]

that require different type atigns. —
Chitinases in bioco hogenic fi ngi and insects.

en induces production

\

proteinases, proteinase

inhibitors, etc. [44]. Aspa i¢: tang 2 ects contain chitin in their

protective covers, inducti £ chitinases @h plants is the main defense
responses. Most of these chmﬂaé&sﬁaly’ ifidnced in vegetative plant organs by
infection but some 150 prcsent in *—?~-~—=='-1:':"i-'.f and Beckman [43]
demonstrated that extr [2 'chltmase and chitobiase

activity. In fact, there ii’ no other better ﬁplroof for the contribution of plants

s n R YRGB et vl o

bean rust fungusiUromyces viciae éabae to combat with the chltmase activity.
o A RSN A I
activities decrease in the degree of deacetylation. Therefore, increase in the
deacetylation level on the surface of hyphae may be useful for the fungus to
resist plant chitinases. And the presence of chitin deacetylase activity during
the formation of infection structures supported this hypothesis.

Several species of fungi are very potent biocontrol agents of plant
pathogenic fungi and insects. The mycoparasitic and entomopathogenic fungi

produce chitinase for invasion and as one of the host-killing component. A
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most studied mycoparasitic fungus, were found to be inhibitory to a wider
range of deleterious fungi than similar enzymes from other sources

To control pests, such as longhorn beetles and aphids, the enzymatic
treatment before or simultancously along with the entomopathogenic fungus,

itself was successfully tried.

Mosquito control

duces a total complex of an
insect cuticle degrading e seen that both first (I) and
fourth (IV) instar larvae ijucan be killed within 48

hours with the help of th i€ préparation from AL verrucaria. However, the

M. verrucaria, a sapro

time period was found 46 besdegtense cotresp : ng 24 and 48 hours when
the purified chitinase

Chitin is present in exoskﬁ;ti_ ad gut lining of insects. The insect
i : ' Bombyx mori, Manduca
sexta, and several othie v' ecies. Sim shdve been implicated in

different morphogenetx events in fungi. The pseudo

(Figure 10) is 'ﬂﬁ‘ m the sources. The
allosamidin waﬁ:g ob m ﬁﬂ iﬂﬁe growth of mite,
Telrany ‘gﬁx i “l!zlvever, there
1S no rﬂﬂr Eﬂ m m;jr ﬂﬁt‘i or topical

application. Nevertheless, chitinase inhibitors can be explored as potential

saccharide, allosamidin

biopesticides.



24

HO
Figure 10 famll 18 chitinase,
allosamldm tructure of the

transition state ﬂlmechamsm of f ily 18 ¢ tmas as own in Figure 9).

amaﬂﬂimumfmmaﬂ



23

Production of chitooligosaccharides

Chitooligosaccharide can be prepared, as shown in Figure 5, there is a
growing appreciation of the potential of biologically active
chitooligosaccharides. They act as clicitors of plants defense, involved in the
signaling for root nodule formation, and are potentially useful in a human
medicine, too. For example, chitohexaose and chitoheptaose show anti-tumor

activity. A chitinase from Vibrio diginolyticus was used to prepare
chitopentaose and chitotriose fit v y hitin. N,N’-Diacetylchitobiose
has been widely used as a n 'a&hesis of biologically active
compound. A chitinase ' 0 seus was used for the enzymatic
hydrolysis of colloida l_ i &uced was subjected to

jvatives of 2-acetamido-

chemical modification

2-deoxy-D-allopyranos c < o intermediates for the

The propose ,‘x‘}le. of plant chitinases gf e mechanism against
12 'that purified barley

chitin-containing or’ _
yphae [60]D Heterologous chitinase

chitinases inhibit the

- m;m k[N kL R
eSS EARE o

(barley), invert the anomeric configuration of the hydrolyzed GlcNAc residue.
Chitinase of family 18, such as the 29 kDa hevamine (class III) from rubber

tree, retain the anomeric configuration of the hydrolyzed residue.
Most of studies on plant chitinases have focused on their role as
pathogenesis-related (PR) proteins. In other causes, however, chitinases and

other enzymes produced by plants as part of hypersensitive response are for the
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propose of generating mycorrhizal associations with symbiotic fungi. Sprucé
(Picea ables) cells respond to elicitors from ectomycorrhizal fungi with an
array of physiological phenomena. Salzer et al. demonstrated that two class I
exochitinases of 28 and 36 kDa, which are produced by spruce cells, can
inactivate fungal elicitors. The inactivation of the elicitors by chitinases is most
probably caused by cleavage of elicitor-active GlcNAc oligomers to inactive

monomers. This indicates that constitutively expressed chitinases, which are

localized in the apoplastic space 0
chitinous elicitors on their way.ae ‘

receptors in the plant pla rar‘lf

host root, could degrade part of
11 wall before they reach their
éachvaﬂon of fungal chitin-

Lpreconditions required to

derived elicitors might
create a compatible int in the mycorrhiza.

Bacterial chitinase

extracellular chitinase ang secreted out of cell to degraded chitin, for example,

Bacillus sp., s% fJ dguw H W’?ﬂﬁﬂ ’ robacter sp., etc.

Bacteria, includitig Serratia marcescens Sp. and Vlbrzo sp. were
produceq ﬂﬁﬂfﬁ q ﬂtﬁm wq IQBYI grl f] @ Erln

Baéteria produce chitinase to meet nutritional nee ey usually
produce several chitinases, probably to hydrolyze the diversity of chitins found
in nature. Bacterial chitinases belong to family 18 of glycosyl hydrolases.
These enzymes operate by the mechanism leading to overall retention of the
anomeric configuration of the hydrolyzed residue. It has been demonstrated
that conserved glutamic acid and aspartic residues (four amino acids apart) of

chitinase A1 of Bacillus circulans WL-12 were essential for the hvdrolysis of
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chitin. These residues are also conserved in ChiA of Serratia marcescens.
However, the determination of the crystal structure of ChiA demonstrated that
the same glutamic acid residue but a more distant aspartic acid residue
(76 amino acids distant) are the most likely amino acid residues to constitute
the active site of the enzyme.

Chitinase produced from Bacillus circulans and Serratia marcescens
were studied. In Bacillus circulans, at least 6 major chitinase, including

chitinase A1, A2, B1, B2, C, and D. were found in culture medium when
induced by chitin. Chitinase Al pla e in degradation of chitin to
chitobiose, (GlcNAc),. Theschid-and chi the precursor of chitinase

Al and D have been clo wm and chiD were used
oup. AwB, and C by compared

ain.

for classified family

homology of amino aci
Microbacterium sp.

ia with a small diphtheroid

palisade arrangements of cell

Microbacterium sp. 1
rod with the round ends in st
masses are typicik: classified in genus
Microbacterium, Faniily Microbacter \ otile and non-spore

forming, It can grow of surface of solid media at 30 ®C with aerobic condition

the best. It ﬁ:{u) aﬂcfrfjldiq :rjlf Ilg] actic acid) from
carbohydrates fetnentﬁﬁn cor;tameiat ase actllr:jj[ry‘);jl Optimum growth
e O AT YV BT

10 and 40®C; survives 72 ° C for 15 minutes or more in skim milk. This genus
has morphological change during growth: long chain of regular rods in
exponential phase, coccoid form in stationary phase, and aberrant form
sometimes seen. This genus has relatively low activity of glycolytic enzyme.
Microbacterium sp. was found in dairy products, presumably as a result

of improper cleansing of dairy equipment. Some of Microbacterium sp. was
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bacterial pathogen, for example Microbacterium nemaicphilum, it can induce
morphological change in the nematode, C. e/2gans [62].

There is a report show ihat Microbacte “ium liquefaciens can immobilize
in polyvinyl alcohol and reduce chromate in wastewater from modern
industries, such as stainless steel manufacture, leather tanning, textile
manufacture, electroplating and alloy preparation [63].

In this study, Microbacterium sp. TUO5 was found to produce high

chitinase activity. Chitinase production and some properties of crude chitinase

such as optimum pH, optimuin temp and substrate specificity was
determine 1. Crude chitinase from Vi ium sp. TUOS was partially

purified and molecular ygi estimated by SDS-PAGE

followed by activity staim i /i g of containing chitinase
: Vas | d chromosomal DNA. The

gene from Microbacteri \‘g\ 0
C \ s digested with restriction

enzvme and cloned into £ using n\ aescript I SK” as a cloring

vector. Phenotype screeni vis4fsed een for colonies of transformant
containing chitinase gene. é-e::: equence of chitinase gene was
determined by PCR amplific ------ ne pamers, designed from conserve

AU INENTNEINS
RINNIUUNIININY
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