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CHAPTER |

INTRODUCTION

1.1 General introduction

1.1.1 Chitin

Chitin, the second most abundant biopolymer in nature, has a chemical
structure similar to the cellulose, in which the N-acetylamido groups in chitin have
replaced the C2 hydroxyl groups in cellulose (Figure 1.1). Chitin is a common
constituent of fungal cell walls, exoskeletons of insects, arachnida, the cuticle of
annelids and mollusks (Gooday, 1994), many groups of invertebrates, shell of
crustaceans, and extra-cellular polymer of some bacteria. Chitin is composed of the N-
acetyl-D-glucosamine or 2-acetamido-2-deoxy-D-glucose (GICNAC) residues, inter-
connected through a pB-1,4 linkage. The physical structure of chitin is well
characterized by using X-ray crystallography and infrared spectroscopy. Comparison
of the structure of chitins from different sources has revealed an existence of 3
polymorphic forms in ‘nature, an ‘antiparallel (a-chitin), a parallel (B-chitin) and a
mixture of the two forms (y-chitin). Most chitins, including those from crustaceans,
insects, and fungi, are in the a-form. The antiparallel chains of chitins are stacked
together and stabilized by the hydrophobic interaction between the surfaces of the
glucose rings.

The B-chitin is found in the spines of polychaete Aphrodite and the marine

diatoms, the pen of the squid Loligo, and the tubes of Pogonoophora. In contrast to



the a-chitin, the polymer chains in B-chitin are arranged in the same direction. The
—CH,0H groups are all hydrogen bonded between the stacks of the chain.

The y-chitin has been reportedly found only in the stomach lining of Loligo.
However, this form is not studied in details as the o and 8 forms. The truly correct
three-dimensional structure has not been established. The model structures of the

three chitins are shown in Figure 1.2.
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Figure 1.1  The chemical structures of chitin (a), chitosan (b), and cellulose (c).
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Figure 1.2 The model arrangement of the polymer chains in a-chitin, B-chitin,
y-chitin. Each arrow represents the N-acetylglucosamine chain from
the nonreducing and to reducing ends.



Table 1.1 The amounts and types of chitin found in the various sources.

Sources of chitin

Amount of chitin

Structural form of

(%) chitin
Crustacean
= Crangon (shrimp) 69.1°
= Alaskan (shrimp) 28.0° -
= Paralithodes (king crab) 35° a-chitin
= Callinectes (blue crab) 14°
Insect
= May beetle 16.0°
= Blatella (cockroach) 18.4°
= Colcoptera (beetle) 27-35°
= Calleria (wax worm) 33.7° a-chitin
*  Bombyx (silk worm) 44.2°
= Diptera (true fly) 54.8°
= Pieris (sulfur butterfly) 64.0°
Mollusca
= Qyster shell 3.6
= Clamshell 6.1 .
= Kill, deproteinized shell 40.2 p-chitin
= Squid ,Octopus 41
Fungi
= Pennicilium notatum 18.5¢
= Lactarius vaiiereus (mushroom) 19
» Mortierella vinacea 22.0
= Aspergillus phoenicis 23.7 .
= Histoplasma capsulatum 25.8 pphitin
= Histroplasma farciminosum 40.0
= Mucor rouxi 44.5
= Aspergillus niger 42.0°

a. wet body weight
c. organic weight of cuticle

b. dry body weight or total dry weight of cuticle
d. dry weight of cell wall




1.1.2 Chitin and chitosan production

The production of chitin is approximately 10*°-10' ton per annum, mostly
from the shells of crustaceans much more than the other sources. Generally, the shells
of shrimps and crabs consist of 10-30% chitin, protein, mineral and sodium carbonate.
Various procedures have been adapted for the isolation and purification of chitin.
Traditionally, shell wastes are deproteinized by treating with either sodium hydroxide
or potassium hydroxide. The effectiveness of alkali deprotenization depends on the
temperature of processing, the concentration of alkali used and the weight ratio of
shell against the alkali. Subsequently, demineralization is usually achieved by treating
the deproteinized shells with hydrochloric acid. Full demineralization of the shells is
possible by using excess amount of acid. Finally, the pigment residues are removed
by extraction with organic solvent, such as acetone, chloroform, ethyl acetate or
ethanol and ether mixture.

Chitosan is a derivative of chitin and prepared by the deacetylation of chitin.
The process is carried out either at elevated temperature or at room temperature using
concentrated sodium or . potassium hydroxide solution. Importantly, alkali
concentration, time and temperature of the process should be controlled because these
factors influence the degree of deactylation, the molecular weight and the distribution
of deacetylated units along the chain. These three properties govern the usefulness of

chitosan for industrial applications.



1.1.3 Solubility of chitin and chitosan

Chitin is highly hydrophobic and insoluble in water and most organic solvents.
It is soluble in hexafluoro-isopropanol, hexafluoroacetone, and chloroalcohols in
conjugation with aqueous solutions of mineral acids (Madhavan, 1992), and
dimethylacetamide containing 5% lithium chloride. Chitosan, the deacetylated

product of chitin, is soluble in dilute acids such as acetic acid, and formic acid.

1.1.4 The application of chitin and chitosan

The characteristic features of chitin and chitosan for potentially broad
industrial application are that they are 1) natural resources and renewable materials, 2)
biodegradable and do not pollute the environment, 3) biocompatible to humans and
most animals, 4) almost nontoxic, 5) biological functioning, and 6) changeable in the
structure. For these reasons, there are a lot of emphases on devising method of
adopting the biomolecules for versatile applications. Chitin and chitosan are applied
in many industries such as agriculture, cosmetic, medicine, pharmaceutical, water

treatment and biotechnology as shown in Table 1.3.
1.1.4.1 Agriculture application

Agriculture products or seeds are coated with chitin and chitosan for
prolonging the viability of the seeds, decreasing decomposition, and protecting from
the fungi and insects. For example, soybeans are coated with thin layers of

depolymerized chitin, carboxymethyl (CM)-chitin and hydroxyethyl (HE)-chitin.



After the seeds are cultured in the field, it is observed that the seed chitinase, the plant

dry weight, and the crop yield increased (Hirano, 1995 and 1999).
1.1.4.2 Biomedical application

Chitin and chitosan are nontoxic and biodegradable polysaccharide that
attracts much attention in medicine and pharmaceutics. They possess the gel- and
film-forming properties because of their polymeric and cationic characters. Chitosan
has been modified for use in controlled release drug delivery system, controlling the
rate of drug administration, and prolonging the duration of the drug in the body. The
drug is either physically blended or covalently linked to the amino group of chitosan.
Generally, it is released from the chitosan matrix by erosion of the polymer after the
contact with body fluids (Illum, 1998). Recent finding revealed the antitumerigenic
properties of chitin and chitosan oligomers as they inhibited the growth of tumor cells
via an immuno-enhancing effect. The researcher showed that the chitin oligomer
exhibited growth inhibition effect of Met-A solid tumor transplants into BALB/C
mice. The antitumor was assumed to be involved in the increased production of
lymphokines, interleukine 1 and 2, sequentially, leading to the manifestation of
antitumor affect through proliferation of cytolytic-T lymphocyte. Chitosan has not
only the antitumor activity but also an anticancer-activity. Therefore, the growth and
the invasive procession of cancer cells could selectively be inhibited by chitosan. In
other cases, the introduction of chitin and chitosan for human or animal is helpful for
healing of different diseases or for the prevention of sickness. Furthermore, chitin-
derived products are used for drug and vaccine delivery systems (Felt et al., 1998;
I1lum, 1998), wound and burn treatments (Muzzarelli et al., 1999), blood cholesterol

lowering agents, anti-clotting agent (Cue, 1999), antimicrobial compounds (Helander



et al., 2001; Bodek, 2002), and enhanced dissolution of some drugs such as ibuprofen
(llango et al., 1999; watanabe et al., 1994). Some activities of chitin derivatives are

shown in Table 1.2.
1.1.4.3 Food and nutrition applications

The N-acetylglucosamine (NAG) moiety, present in human milk, promotes the
growth of bifido bacteria, which block the other types of microorganism and generate
the lactase required for the digestion of milk lactose. Cow’s milk contains only a
limited amount of the NAG moiety; hence some infants fed with cow milk may have
indigestion. Many animals and some humans, including the elderly, have similar
lactose-intolerance (Knorr, 1991). Animal nutritional studies have shown that the
utilization of whey may be improved if the diet contains small amounts of chitinous
material. This improvement is attributed to the change in the intestinal microflora
brought about by the chitinous supplement (Austin et al., 1989). Chickens fed with a
commercial broiler diet containing 20% dried whey and 2 or 0.5% chitin has
significantly improved weight gain compared to the controls (Spreen et al., 1984).
The feed efficiency ratio shifts from 2.5 to 2.38 due to the incorporation of chitin in
the feed (Zikakis et al., 1982). Interestingly, chitosan attaches itself to the fat in the
stomach before it is digested, thus trapping the fat and preventing its-absorption by the
digestive tract. Fat, in turn, binds to the chitosan fiber, forming a mass, which can not
be absorbed by the body, and is eliminated. Chitosan fiber differs from the other
fibres in that it possesses a positive ionic charge, which gives it the ability to bond
chemically with the negatively charged lipids, fats and bile acids (Muzzarelli, 1998,

1999).



Table 1.2 Physiological influences of chitin derivatives in the human body.

Significance Activities

1. Antimicrobial activity Reaction with an anionic component of the cell
wall, chelation of ions in a metaloenzyme,
changing in bacterial adhesion, inhibition of

enzyme linking glucans to a chitin

2. Immunostimulation Activation of macrophage selections and

synthesis of interferons and interleukin

3. Chemotactic Stimulation of a migration of fibroplasts and

other stomal cells

4. Action as a source of GIcN Rebuilding of an extracellular matrix

and GIcNAc

5. Enhanced reconstruction of a | Healing of an ulcer, meniscal lesions,
connective tissue osteoinduction, and wounds, influence on

assemble and an orientation of collagen fibers

6. Dietary significance Anticholeaterolemic and antiulcer activity

lowering of a body overweight

7. Growth stimulation Molecular recognition and entrapment of growth

factor, stimulation of lectin type activity
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1.1.4.4 Biotechnology application

The consumer demand for food without harmful chemical additive has focused
the efforts in the discovery of novel natural antimicrobial additives. Because of the
positive charge on the C-2 of the GICN monomers at low pH, chitosan is more
soluble, and has a better antimicrobial activity than chitin. Antimicrobial activity is
made possible by the formation of chitosan complexes with anionic components of
the cell walls (Hirano et al., 1995) such as N-acetylmuramic, sialic acid, and
neuraminic acid, as well as an inactivation of microbial metaloenzymes through a
chelation of metal ions. The minimal inhibitory concentrations of a chitosan and its
derivatives vary significantly for different bacterial cultures. These variations are
suggested to be due to the existing differences in the molecular weight and degree of
acetylation of chitosan. Chitosan and its derivatives are also used as added
components of cosmetic, toothpaste, and moisturizer. Chitosan has moisturizing effect
on the skin. The effect is dependent on the molecular weight and the degree of
deacetylation. Chitosan also offers protection against mechanical hair damage, and
exhibits an antielectrostatic effect on hair. High-molecular weight chitosan increases
the water resistance of emulsions protecting against irradiation. A cosmetic cream,
supplemented with chitosan, increases a bioactive activity of lipophilic ingredients,
such as vitamins, which better penetrate the outer layer of skin. This benefit is also
caused by the activation of fibroblasts, and improvement of collagen deposition
(Horner, 1997). Furthermore, dental fluids and toothpaste are added chitosan, which
can seal dentinal tubules, and protect against microbial infection but maintain
diffusion of ions and water. Moreover, the addition of chitin to the coating of

waterproof textile causes a large increase in its water vapor permeability. The
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finishing of wool fibers with chitin derivatives improves their dye-ability and

colorfastness.
1.1.4.5 Environment and pollution control applications

Chitin, chitosan, and chitosan derivative containing cell walls are used as dye-
removing agent such as methyl orange, phenolic dyes, polycyclic dyes, acid dyes, and
azo dyes by hydrophobic interaction or sorption via their backbone or amino group.
Chitin and chitosan have been reported to adsorb cadmium (Jha et al., 1988) and lead
(McKay et al., 1989) on its surface from seawater, and used for the removal of a
hexavalent chromium. Interestingly, highly porous gelled chitosan beads cross-linked
with glutaraldenyde are effective for the removal of cadmium ions from the
wastewater. Moreover, chitosan was used for the sorption of uranium from the nuclear
effluents. It is indicated that the carboxylic and amino groups of chitosan act directly

as ion exchange to bind uranyl ions.



Table 1.3 The currently practical uses of chitin, chitosan, and their derivatives.

12

Medical;

e Bandages, Sponges

e Artificial Blood Vessels

e Blood Cholesterol Control
e Tumor Inhibition

e Membranes

e Dental/Plaque Inhibition
e Skin Burns/Artificial Skin
e Eye Humor Fluid

e Contact Lens

e Controlled Release of Drugs
e Bone Disease Treatment
Pulp and Paper;

e Surface Treatment

e Photographic Paper

e Carbonless Copy Paper
Membranes;

e Reverse Osmosis

e Permeability Control

e Solvent Separation
Water Treatment;

e Removal of Metal lons, Dyes,
Pesticides and Phenols

e Flocculant/Coagulant:
e Proteins, Amino Acids
e Filtration

Food Indutries;

¢ Removal of Dyes, Solids, Acids
e Preservatives

e Color Stabilization

e Animal Feed Additive

e Emulsifying Agent

e Dietary Fibre

Agriculture;

e Seed Coating

e Leaf Coating

e Hydroponics/Fertilizer

e Controlled Agrochemical Release
Cosmetics and Toiletries;

e Make-up Powder

e Nail Polish

e Moisturizers

e Bath Lotion

e Face, Hand and Body Creams
e Toothpaste

e Foam Enhancing
Biotechnology;

e Enzyme Immobilization

e Protein Separation

e Chromatography

e Cell Recovery

e Cell Immobilization

o Ultrafiltration Membranes




13

1.1.5 Chitinase

Chitinase (EC 3.2.1.14) are glycosyl hydrolase that catalyze the hydrolysis of
B(1,4)-linked N-acetyl-glucosamine (GIcNAc) polysaccharide (Figure 1.3). Chitinase
have been detected in a wide range of organisms such as fungi, crustaceans
(Watanabe et al., 1998), and insects (Ahmad et al, 2003) as well as in organisms that
do not contain chitin such as bacteria, viruses, higher plants (Lam and Ng, 2000),
animals and human. The roles of chitinase in these organisms are diverse. In
invertebrates, chitinase acts by degrading the exoskeleton chitin in the cuticle or shell
of an ecdysis (Kramer and Koga, 1986). Fungi produce chitinase to modify chitin,
which are used as the important cell wall components. In bacteria, chitinase is used to
digest chitin and utilize it as the carbon and energy sources. In higher plants, the

chitinase is produced in the process of defense mechanism against fungal pathogens.

Figure 1.3 A hydrolysis reaction occurring within the GIcNAc chain. An arrow

marks the hydrolysis site of chitin, the P(1,4)-linked N-acetyl-
glucosamine (GIcNACc) polysaccharide substrate of chitinase.
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1.1.6 Classification of chitinase according to their mode
of action

Chitinases are classified as endochitinase and exochitinase. The endochitinase
activity is defined as the random cleavage at the internal points in the chitin chain
with the release of N,N’—diacetyl-D-glucosamine [chitobiose, (CIcNAC),] as a major
product, the triacetylchitotriose, and a mixture of oligomers. The exochitinase activity
is defined as the progressive hydrolysis starting at the non-reducing ends of chitin

with the release continuously of (GIcNAc), or GIcNAC.

1.1.7 Classification of chitinase based on amino acid
sequences

Chitinases are found primarily in two families of glycohydrolases, family 18
and 19. Chitinases in family 18 are found in a wide range of organisms including
bacteria, fungi, viruses, and animals, including the chitinases from class Ill and V of
higher plants. Chitinases in Family 18, represented by the enzymes of Coccidioides
immitis, Trihoderma harzianum, Bacillus circulans, and Serratia marcessens, contain
several conserved signature amino acids, as shown in Figure 1.4a. These signature
sequences are found in the active site including the Glu residue (E), which is crucial
to the catalytic mechanism. Chitinases in family 19 include almost exclusively
chitinases from plants in class I, Il (Ponath et al., 2000), IV. It includes also the
bacterial chitinases, Streptomyces griseus HUT 6307 chitinase C. The conserved

amino acid sequence of chitinases in this family, represented by barley (Hoedeum
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valgare), Potato (Solanum tuberosum), pea (pisum sativum), and Arabidopsis

thaliana, is shown in Figure 1.4b. Interestingly, there are two glutamic acid residues

which are important in the mechanism of action of the enzyme.

b)

immitis

. harzianum

. circulans

- marcessens

H.valgare

S.tuberosum

P.s

ativum

A.thaliana

Figure 1.4
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KREITAAFFAQTSHETTGGWASAPADGPYAWGYCFLRERGNPGDYC
KREVAAFFGQTSHETTGGWATAPADGPYSWGYCFKQEQNPASDYC

KREIAAFLGQTSHETTGGWPTAPADGPYAWGYCFLREQNP-SDYC
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The amino acid sequence alignment of chitinase in family 18 (a) from
Coccidioides immitis, Trihoderma harzianum, Bacillus circulans, and
Serratia marcessens and family 19 (b) from Hoedeum valgare,

Solanum tuberosum, pisum sativum and Arabidopsis thaliana.
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1.1.8 Structure and function of chitinase

Chitin degradation of numerous chitinases involves the synergistic action of
multiple proteins. These proteins typically include conserved modules that function as
a catalytic domain and a chitin binding domain, and may contain a fibronectin type 111
like domain in which the function is unknown. An arrangement of these domains is

different among the different chitinases (Figure 1.5).

a)
p DK
=

— Sianal peptide VA Fibronectin type I11 like domain

E Catalvtic domain @ Chitin binding domain

Figure 1.5  The domain arrangement of chitinases from various microorganisms.
a) Chitinase Al from B. circulans wl-12
b) Chitinase C from Alteromonas sp.O-7
c) Chitinase A from Microbulbifer degradan 2-4
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1.1.8.1 Catalytic domains

The three-dimensional (3D) structures of several family 18 chitinases have
been solved, including those of Serratia marcescens chiA and the plant enzyme
hevamine. The 3D structure reveals that they share a similar (B/a)s barrel (Figure
1.6a,b). There are eight strands of parallel B sheet laid down with a a helix as the
return stroke. The eight strands of the sheet bend into a barrel structure with the
helices forming a ring toward the outside. However, the structure of only one member
of family 19 chitinase, having been solved is Hoedeum valgare (barley). The 3D
structure of the protein reveals a mixture of secondary structure, including ten o-

helical segments, and one three-stranded 3 sheet as shown in Figure 1.6c.

Figure 1.6 The 3D structure of some members of family 18 and 19 chitinase
a) Chitinase A from Serratia marcescens (family 18)
b) Chitinase from hevamine (family 18)
c) Chitinase from barley (family 19)
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1.1.8.2 Chitin binding domain (chBD)

There are three families of chitin binding domains (chBD). The chBD family 1
is found in the chitinases from Manduca sexta, and Penaeus japonicus. The chBD
family 2 is found in the chitinases from Arabidopsis thaliana, Nicotiana tabacum, and
Oryza sativa. The chBD family 3 is found in the chitinases from Bacillus
licheniformis, Closidium paraputrificum, and Serratia marcescens. Chitinase Al from
Bacillus circulans WL-12, which has no chitin-binding domain, has significant lower
hydrolyzing activity for the insoluble substrate, indicating that the function of chitin

binding domain of the chitinase Al is to bind with the insoluble substrate.

Figure 1.7  The three-dimensional structure of chitin-binding domain (a) and
fibronectin type I11-like domain (b) from Bacillus circulans WL-12
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1.1.8.3 Fibronectin type 111 like domain (FnllID)

FnllID has been identified in a number of bacterial depolymerases and an
animal fibronectin. It is likely that the bacterial module was initially acquired from an
animal source and was then spread further among distantly related bacteria by the
horizontal transfers. In several instances, these FnllID occur as tandem repeats. The
3D structure of FnllID of chitinase A1 WL-12, solved by NMR technique, is a B-
sandwich fold with two antiparallel B-sheets that are packed face to face. One sheet is
composed of three B-strands and the other of four 3 -strands. There are three loops in
each N-terminal and C-terminal directions connecting to the seven B-strands (Figure
1.7b). The function of this module is unknown. Watanabe et al (1994) have shown
that the deletion of the FnllID of B. circulans chitinase Al significantly reduces the

activity of chitinase on chitin, but not on soluble substrates.

1.1.9 Mechanism of chitinases

There are two general mechanisms for acid-catalyzed glycoside hydrolysis
which result in either (i) retention of the stereochemistry of the anomeric oxygen at
C1’ relative to the initial configuration or (ii) inversion of the stereochemistry

Extensive studies of the mechanism of a hen egg white lysozyme (HEWL)
show that glycoside hydrolysis requires two acidic residues (Glu36 and Asp52), one
of which is protonated. The consensus view of the mechanism (Figure 1.8a) involves
the protonation of the B-(1,4)-glycosidic oxygen atom, leading to an oxocarbenium
ion intermediate, which is stabilized by the secondary carboxylate group (either

through covalent or electrostatic interactions) and then attacked by a solvent
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molecule, which replaces the leaving sugar group. Distortion of the D sugar by
interaction between the enzyme and substrate is through to play a major role in the
transition state stabilization. Nucleophilic attack by water yields the hydrolysis
product, which necessarily retains the initial anomeric configuration. This is
commonly referred to as the double displacement mechanism of hydrolysis.

The X-ray crystal structure of a family 19 chitinase isolated from barley shows
structural similarities with HEWL, suggesting an analogous double displacement
mechanism. However, subsequent analysis of the anomeric products for the two
family 19 chitinases shows that an inversion of the anomeric configuration
accompanies these reactions. This observation rules out the double displacement
mechanism of HEWL. A possible mechanism explaining inversion is a concerted
single displacement reaction in which a bound water molecule acts as the nucleophile.
Although, this water molecule was not observed in the crystal structure, the second
catalytic carboxylate group is at a sufficient distance to allow coordination of a water
molecule, consistent with a single displacement mechanism.

The substrate binding cleft of barley chitinase Is an extensive one, and it has
been hypothesized to contain at least six sugar binding subsites, labeled A-F, from the
non-reducing end. The hydrolytic profile for hexasaccharides by barley chitinase
suggests that the preferred binding of substrates may be at sites B-G that is,
hexasaccharides are cleaved into two trisaccharides. This binding mode is together
with the catalytic residues. Two carboxylates are hypothesized to be responsible for
the catalysis, Glu67 as the catalytic acid and GIlu89 as a base. Hydrolysis would occur
between sugars in sites D and E, a convention developed for hen. The importance of

these two residues to catalysis has since been confirmed by site-directed mutagenesis.
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The conversion of these acids to the corresponding amide eliminates the measurable
activity. The mechanism is hypothesized to be an inverting one, because the space
between the “second carboxylate”, Glu89, and the susceptible glycosidic bond
demands that the attacking water is interposed. This inverting mechanism is
confirmed by using nuclear magnetic resonance (NMR) to follow the anomeric hand
of the sugar product, which is an a— form. This result is consistent with a similar work
showing that the chitinase from Dioscorea opposite (yam) proceeds with an inversion
of a product. It is reasonable to assume that the family 19 chitinases work in this way
(Figure 1.8b). The inverting mechanism proceeds through a positively charged
oxocarbonium intermediate which has a distorted geometry; it is assumed a roughly
half-chair configuration compared with the chair conformation of the other sugars.
The single displacement mechanism involves GIu89 acting as a base to polarize the
attacking water molecule, whereas Glu67 acts as an acid to protonate O4 of the

leaving sugar.
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Figure 1.8  Mechanism of. catalysis of lysozyme (a), family 19 chitinase (b), and
family 18 chitinase (c)
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Family 18 chitinases have not been studied extensively as those from family
19. It has been suggested that the retaining mechanism of family 18 chitinases may
involve in substrate assistance. That is, the N- acetyl group at position 2 of the scissile
sugar may itself facilitate the reaction via the formation of transient oxazolinium
intermediates as shown in Figure 1.8c. This view is supported by the crystal structure
of a complex between the chitinase called hevamine and the inhibitor allosamidin
which contains as oxazoline moiety which mimics the transition of the reaction.
Allosamidin strongly inhibits family 18 chitinases, but does not inhibit the hen egg
white lysozyme and human lysozyme. It consists of p-1,4-linked N-acetylallosamine

residues, oxazoline derivative, and allosamizoline.

1.1.10 Applications of chitinase

1.1.10.1 Chitinases in biological control

The public concern over the harmful effects of chemical pesticides on
the environment and human health has enhanced the search for safer, environmentally
friendly control alternatives. Control. of plant pests by the application of biological
agents holds great promise as an alternative to the use of chemical substances. It is
generally recognized that biological control agents are safer and more
environmentally sound than is reliance on the use of high volumes of pesticides. Due
to the importance of chitinolytic enzymes in insect, nematode, and fungal growth and
development, they are receiving attention in regard to their development as bio-
pesticides or chemical defense proteins in transgenic plants and microbial bio-control

agents. In this sense, biological control of some soil-borne fungal diseases has been
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correlated with chitinase production. Fungi and bacteria producing chitinases exhibit
antagonism against fungi, and inhibition of fugal growth by plant chitinases has been
demonstrated. Insect pathogenic fungi have a considerable potential for the biological
control of insect pests. Entomopathogenic fungi apparently overcome physical
barriers of the host by producing multiple extracellular enzymes including chitinolytic

enzymes, which help to penetrate the cuticle and facilitate infection.
1.1.10.2 Aggressive and defensive roles for chitinase

Chitinases are produced by a wide variety of pathogenic and parasitic
microbes and invertebrates during their attack on chitin-containing organisms. The
chitinase of insect and algal viruses, yeast killer toxin plasmids, bacterial and fungal
pathogens of fungi and insects, and parasitic protozoa play roles in dissolving the cell
walls of fungi, exoskeletons and peritrophic membranes of arthropods. The salivas of
some invertebrate predators have chitinolytic activity which may be involved in their
attack on their prey. Chitinases play a major defensive role in all plants against attack
by fungi, and perhaps also against attack by insect pests. The plant chitinases form a
very large and diverse assemblage of enzymes from the two families of glycosyl
hydolases. At least, some vertebrates, including fish and humans, also may utilize

chitinases in their defense against pathogenic fungi-and some parasites.
1.1.10.3 Production of chitooligosaccharides

A chitinase from Vibrio alginnolyticus is used to prepare chitopentaose
and chititriose, which show an anti-tumor activity from colloidal chitin. Indeed,
specific combination of chitinolytic enzymes with high levels of endo-chitinases and a

low activity of N-acetylglucosaminidase and exo-chitinases would be necessary to
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obtain a desired chain length of the oligomers. To obtain the GIcNAc, the higher
proportion of exo-chitinases and N-acetylglucosaminidase is necessary. Alternatively,
transglycosylation activity of variety of endo-chitinases will also be useful to generate
desired chitooligomers and sometimes oligomers with changed glycosidic linkages. A
chitinase from Trichoderma reesei also exhibits a similar type of an efficient
transglycosylation reaction with the tetramer, giving the hexamer and a dimer as the
major products. The purified N-acetylglucosaminidase of Norcardia orientials also
exhibits transglycosylation activity. The B-1,6-linked disaccharide of GIcNAc and

trisaccharide was synthesized during the hydrolysis of chitobiose.

1.2 Chitinase in Arthropods

1.2.1 Chitinase in insects

In insects, the cuticle and peritrophic matrix contain chitin that fulfill the role
of providing tensile strength and impermeability to the exoskeleton, but unlike the
endoskeleton lacks growth capability (Kramer et al., 1986). To grow, the insect has to
undergo repeated cycles: of moulting which are brought about chitinases and
B-N-acetylglucosaminidase. Chitinase = expression therefore coincides with the
moulting. process-and is developmentally regulated- in insects. Chitinase expressions
are under hormonal control and are induced stage- and tissue dependently to degrade
the chitin in the exoskeleton and peritrophic membrane (Kramer et al., 1993; Kramer
and Muthukrishnan, 1997). Since chitin is a structural component in insects, chitin
synthesis and hydrolysis are considered to be potential targets for pest management. A

detailed understanding of chitin metabolism in target pests is necessary for the
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development of chitinase-based insecticides. The chitinase genes have been cloned
from various insects. In lepidopteron insects, chitinase cDNAs were cloned from
Manduca sexta (Krameret et al., 1993), Bombyx mori (Kim et al., 1998), Hyphantria
cunea (Kim et al., 1998), Spodoptera litura (Shinoda et al., 2001), and Choristoneura
fumiferana (Zheng et al., 2002). These lepidopteron chitinases exhibit extensive
similarity in both their amino acid sequences (70-80% identities to each other) and
domain structures. The overall structures of chitinase genes have been determined in
those from M. sexta (Choi et al., 1997) and B. mori (Mikitani et al., 2000), and their
genomic organization is almost identical (Abdel-Banat and Koga, 2001). The copy
number of the chitinase gene of B. mori has been estimated as one (Mikitani et al.,
2000; Abdel-Banat and Koga, 2001), while there are at least four chitinase genes in

dipteran insects (de la Vega et al., 1998).

1.2.2 Chitinase in crustaceans

Chitinases are involved in nutrient digestion, the partial breakdown of the
exoskeleton prior to molting, and the regulation of physical properties of the
peritrophic membrane. Chitinases are present in hepatopancreas of crustaceans and
are thought to be-involved in-the digestion of chitin-containing food. The enzyme
activity in this tissue is detected at significant levels throughout the molting cycle
(Spindler-Barth et al., 1990, Watanabe, et al., 1996). The crustaceans grow by
periodic ecdysis (shedding of old exoskeleton) and subsequent reconstruction of a
new one. Before molting, two types of chitinolytic enzymes, chitinase and p-N-

acetylhexosaminidase, are induced in the integument to degrade a chitin. Chitin is
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degraded to soluble disaccharides by the chitinase and subsequently hydrolyzed to N-
acetylglucosamine by p-N-acetylhexosaminidase. When chitin is degraded, the
products of hydrolysis are ultimately recycled for the synthesis of a new cuticle. Three
chitinase genes have been isolated from the kuruma shrimp Penaeus japonicus. Two
are expressed in the hepatopancreas (Watanabe et al., 1996, 1998) and the other is
expressed in the cuticular tissues. These three genes are expressed in the intermolt and

premolt stages either in the hepatopancreas or in the cuticle.

1.3 Penaeus monodon

Penaeus monodon, black tiger shrimp, belongs to the Arthropoda, the largest
phylum in the animal kingdom. The taxonomic definition of Penaeus monodon is as
follow (Baily-Brook and Moss, 1992)

Phylum Arthopoda

Subphylum crustacean
Class Malacostraca
Subclass Eumalacostraca
Order Decapoda
Suborder Natantia
Infraorder Penaeidea
Subfamily Penaeoidea
Family Penaeidae Rafinesque, 1985
Genus Penaeus Fabricius, 1798

Subgenus Penaeus
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Specie monodon
Scientific name: Penaeus monodon Fabricius, 1798
Common name: Jumbo tiger prawn, Giant tiger prawn, Blue tiger prawn, panda prawn

(Australia), Ushiebi (Japan).
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Figure 1.9  Lateral view of the internal anatomy of a female Penaeus monodon

(Primavera, 1990)

A chitinase from the black tiger shrimp, Penaeus monadon, encodes a 621-
amino acid protein possessing the functional domains of the chitinase protein family.
The Penaeus monodon chitinasel (PmChi-1) gene product is 81.8% identical to a
chitinasel protein expressed in the hepatopancreas of Penaeus japonicus. Analysis by
reverse transcription-polymerase chain reaction (RT-PCR) indicates that PmChi-1

messenger RNA is detectable in the hepatopancreas and the gut. PmChi-1 activity
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increases during molting cycle, suggesting that hepatopancrease is involved in the

degradation of endogenous chitin in the gut peritrophic membrane prior to molting.

1.3 Antimicrobial peptide

Antimicrobial peptides are widespread in the living kingdom, and a large
number of these molecules have been isolated from vertebrates and invertebrates
(Hetru et al., 1994) as well as from plants. Despite the diversity in their structures,
most of these antimicrobial substances are small (less than 10 kDa), cationic and
amphipathic peptides. For the time being and for convenience, these antimicrobial
peptides are tentatively classified into four distinct groups based on their amino acid
sequences, secondary structures, and functional similarities. These are i) linear basic
peptides forming amphipathic a-helices, which are devoid of cysteine residues, such
as the cecropins, the first antimicrobial peptide isolated from the insect hemolymph;
ii) peptides with one to six intra-molecular disulfide bridges, such as the arthropod
defensins, cysteine-rich antimicrobial peptides isolated from a scorpion and a bivalve
mollusk, and the hemocytes of horseshoe crabs containing various cystein-rich
cationic peptides: (tachyplesin, polyphemusin, tachycitin, tachystatin, and big
defensin) with-inhibitory effects on the growth-of Gram-positive and Gram-negative
bacteria and fungi; iii) one or two amino acids-rich peptides, such as arginine-,
tryptophan-, histidine-, glycine-, and proline-rich peptides, for example, glycine-rich
peptides; attacin and scarcotoxin, proline-rich peptides; drosocin from Drosophila
hemolymp; iv) peptides derived from the partial hydrolysis of large precursor

proteins, histone, and hemocyanin (Bulet et. al., 2004). The mode of action, the broad
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activity, the molecular diversity, and the noncytotoxicity of all these circulating
antimicrobial peptides make them very attractive as therapeutic agents for
pharmaceutical or agricultural applications. The feature requiring for antimicrobial
peptides are selective toxicity on microbial cells, short bacterial killing time, broad
antimicrobial spectra and no bacterial resistance development (Matsuzaki, 2001).

A preliminary study of genes expressed in the black tiger shrimp, Penaeus
monodon, comprised the construction of several cDNA libraries. One of this is the
cDNA library from the hepatopancreas. The cDNA clone was sequenced and
compared with those in the GenBank. A shrimp chitinase gene was isolated. In this
study, the information obtained from the chitinase clone was used for the cloning of
the complete chitinase gene from hepatopancreas of the black tiger shrimp. Attempt

was made to express and characterize this chitinase.



CHAPTER II
MATERIALS & METHODES

Equipments

Autoclave, Model MLS-3020, Sunyo, Japan

Autopipette, Pipetman, Gilson, France.

Centrifuge, Model 5804R, Eppendorf.

Electrophoresis unit, Model Mini-protein 1 cell, BioRad, USA.
High performance liquid chromatography, Shimadzu, Japan.
Incubator, Model OB-28L Fisher Scientific Inc., USA.
Magnetic stirrer and heater, Model IKAMA®GRH, Janke & Kunel Gmbh &
Co.KG, Japan.

Microfuge tubes, Bioactive, Thailand.

Orbital shaker, Gallenkamp, Germany.

pH meter, Model PHM95, Radiometer Copenhegen, Denmark.
Power supply, Model EC 139-90, E-C Apparatus Corporation.
Spectrophotometer, Jenway 6400, England.

Transformation apparatus, Bio-RAD, USA.

Vortex, Model K 550-GE, Scientific Inc., USA.

Water bath, Charles Hearson Co. Ltd., England.

Chemicals

Acetonitrile (HPLC grade), Merck, Germany.
Acrylamide, Merck, Germany.

Agarose, SEAKEM LE, FMC Bioproducts, USA.
Ammonium hydroxide, Merck, Germany.
Ammonium persulfate, Sigma, USA.
Ammonium sulfate, Sigma, USA.

Ampicillin, Biobasic Inc., Thailand.



Boric acid, Merck, Germany.

Bromophenol blue, Merck, Germany.

B-mercaptoethanol, fluka, Swithzerland.
5-bromo-4-chloro-3-indoyl-p-D-galactopyranoside (X-gal), Sigma, USA.
Calcium chloride, Merck, Germany.

Chloroform, Sigma, USA.

Citric acid, Sigma, USA.

Coomassie® brilliant blue G 250, Fluka, Switzerland.

Dipotassium hydrogen phosphate anhydrous, Carlo Erba Reagenti, Italy.
Disodium hydrogen phosphate, Fluka, Switzerland.

Ethidium bromide, Sigma, USA.

Ethylenediamine tetraacetic acid (EDTA), Fluka, Switzerland.

Ethyl alcohol absolute, Carlo Erba Reagenti, Italy.

Ethylene glycol chitin, Seikagrku Coporation, Japan.

Formaldehyde, Sigma, USA.

Glacial acetic acid, BDH, England.

Glucose, Sigma, USA.

Glycerol, Scharlau, Spain.

Glycine, Sigma, USA.

ImProm-11™ Reverse Transcription System, Promega, USA.

Isopropyl-B-D-thiogalactopyranoside (IPTG), Serva, Heidelberg, Germany.

Isoamyl alcohol, Merck, Germany.

Magnesium sulfate 7-hydrate, BDH, England.

Methanol, Scharlau, Spain.

N-acetyl-D-glucosamine, Sigma, USA.

N,N’-dimethylformamide, Merck, Germany.
N,N’-methyl-bis-acrylamide, Sigma, USA.
N,N,N’,N’-tetramethyl-1,2-diaminoethane, Carlo Erba Reagenti, Italy.
Phenol, BDH, England.

Potassium acetate, Merck, Germany.

Potassium chloride, Sigma, USA.

Potassium ferricyanide, BDH, England.

32
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Potassium phosphate monobasic, Carlo Erba Reagenti, Italy.
Qiaquick Gel Extraction Kit, Qiagen, Germany.

Qiaquick Miniprep Kit, Qiagen, Germany.

Qiaquick PCR Purification Kit, Qiagen, Germany.

Sodium azide, BDH, England.

Sodium carbonate, BDH, England.

Sodium chloride, Univar, Australia.

Sodium dihydrogen orthophosphate, Carlo Erba Reagenti, Italy.
Sodium dodecyl sulfate, Sigma, USA.

Sodium hydroxide, Carlo Erba Reagenti, Italy.

Tris-base, USB, USA.

Trisodium citrate dihydrate , Carlo Erba Reagenti, Italy.
Triton X, Merck, Germany.

Tryptone, Scharlau, Spain.

Xylene cyanol FF, Sigma, USA.

Yeast extract, Scharlau, Spain.

Yeast nitrogen base with ammonium sulfate without amino acid, Difco, USA.

Bacterial strains

Escherichia coli BL21(DE3) (F ompT hsdS(rsmg) gal decm(DE3)) was used
for chiHP74 and CatD expression.

Escherichia coli BL21(DE3)pLysS (F ompT hsdS(rgmg) gal dcm(DE3) pLysS
(Cm®)) was used for chiHP74 and CatD expression.

Escherichia coli Rosetta(DE3)pLysS (F ompT hsdS(rgmg) gal dcm lacYl
(DE3) pLysSRARE(Cm"®)), which provided the rare codon tRNAs, was used for
chiHP74 and CatD expression.

Escherichia coli JM109 (F traD36 proA* proB™ lacl® lacZ AM15/recAl
endAlgyrA96 thi hsdR17 supE44 A(lac-proAB,mcr)) was used for DNA

manipulation.
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Escherichia coli Top10 (F mcrA, A(mrr-hsdRMS-mcrBC, ¢80lacZAM15 A

lacX74 deoR recl araD139 A(ara-leu)7696galU galK rpsL (Str?) endAl nupG) was
used for DNA manipulation.

Escherichia coli XL10 Gold ultracompetent cells (Tet® A(mcrA)183 A(
mcrCB-hsdSMR-mrr )/ 73 endAl supE44 thi-1 recAl gyrA96 relAl lac Hte [F’ proAB
lacl? ZAM15 Tn10(Tet®)Amy Cam® 2

Yeast strain

Pichia pastoris KM71 His" Mut®

Plasmid vectors

= The pET17b was used as an overexpression vector for chitinase gene in the
bacterial expression system.

= The pGEM T-easy was used as an alternative vector for TA cloning.

= The pPIC9K was used as an overexpression vector for chitinase gene in

the yeast expression system (Invitrogen).

Enzymes

= Restriction endonucleases, BamH]I, Bglll, EcoRI, EcoRV, Mfel, Ndel, Notl,
Pstl, and Smal were purchased from New England Biolabs Inc.

» Lysozyme was purchased from Sigma.

= Lyticase was purchased from Sigma.

= Pfu polymerase was purchased from Sigma.

= proteinase K was purchased from GIBCO-BRL.

= RNase A was purchased from Sigma.

= T4 DNA ligase was purchased from Promega.
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Media preparation

Media for bacteria

Luria-Bertani broth (LB medium)

LB broth consists of 1% (w/v) Bacto tryptone, 0.5% (w/v) yeast extract
and 0.5% (w/v) NaCl. For a solid medium, 15% (w/v) agar is added.
Supplementation of ampicillin to the final concentration of 100 pug/ml is optional.

LB-colloidal chitin agar (LB-CC agar)

LB-CC agar consists of 1% (w/v) Bacto tryptone, 0.5% (w/v) yeast
extract, 0.5% (w/v) NaCl, 1.5% (w/v) agar and 0.05% (w/v) colloidal chitin.
Ampicillin is supplemented when needed.

Colloidal chitin minimum medium (CCMM)

CCMM consists of 0.02% (wi/v) colloidal chitin, 0.05% (w/v) yeast
extract, 0.1% (w/v) (NH4)2SQ4, 0.03% (w/v) MgS0O,4.7H,0, 0.6% (w/v) KH,PO, and
1% (wiv) K;HPO4, pH 7.5. For a solid medium, 1.5% (w/v) agar was added.

Ampicillin is supplemented when needed.

Media for yeast

Yeast extract peptone dextrose medium (YPD)

YPD consists of 1% (w/v) yeast extract, 2% (w/v) peptone, and 2% (w/v)
dextrose (glucose). For a solid medium, 1.5% (w/v) agar was added. Geneticin is
supplemented to the final concentrations of 0.25, 0.5, 0.75, 1.0, 1.5, and 1.75 mg/mi
from the stock solution of 100 mg/ml.

Minimal dextrose-medium (MD)

MD consists of 1.34% (w/v) YNB, 4x10™ % biotin, and 2% (w/v) dextrose.
For a solid medium, 1.5% (w/v) agar was added.

Buffered glycerol-complex medium (BMGY), and buffered
methanol-complex medium (BMMY)

BMGY consists of 1% (w/v) yeast extract, 2% (w/v) peptone, 1.34% (w/v)
YNB, 100 mM potassium phosphate, pH 6, 4x10™ % biotin, and 1% glycerol. For
BMMY, 0.5% methanol is added instead of glycerol into the medium.
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Preparation of cDNA

Hepatopancreas total RNA preparation

Hepatopancreas, collected from the shrimp, was added 1 ml of TRI reagent
and briefly homogenized. The homogenate was stored at room temperature for 5
minutes to permit complete dissociation of nucleoprotein complexes. Consequentially,
200 pl of chloroform was added and vigorously shaken for 15 seconds. The mixture
was incubated at room temperature for 2-5 minutes and centrifuged at 12,000xg for
15 minutes at 4 °C. The colorless upper aqueous phase was transferred to a fresh
microcentrifuge tube. RNA was precipitated by the addition of 500 pl of isopropanol.
The mixture was left at room temperature for 5-10 minutes and centrifuged at
12,000xg for 10 minutes at 4 °C. After centrifugation, the pellet was washed with 500
ml of 75% (v/v) cold ethanol. Then, the pellet was collected by centrifugation at
12,000xg for 10 minutes at 4 °C and briefly air-dried for 5-10 minutes. The total RNA
was dissolved with 50 ul of diethylpyrocarbonate (DEPC)-treated water, determined
and estimated the concentration by measuring the optical density at 260 nm, and

calculating in pg/ml unit, using the following equation:

[RNA] = ODggp % dilution factor x 40*

* The optical density (OD) at 260 nm of 1.0 corresponds to the RNA of
approximately 40 pg/ml (Sambrook et al., 1989).

Formaldehyde-agarose gel electrophoresis

A 1% (w/v) formaldehyde agarose gel was prepared using 1x -MOPS buffer

(0.2 mM MOPS, 50 mM sodium acetate and 10 mM EDTA, pH 7.0). The gel slurry

was boiled until complete solubilization, and allowed to cool to 60 °C. Formaldehyde

(0.66 M) and ethidium bromide (0.2 ug) were added to the gel and poured into a
chamber set.

Ten micrograms of the total RNA in 3.5 ul of DEPC-treated water, 5 pl

of formamide, 1.5 ul of 10x MOPS and 2 pl of formaldehyde were mixed and
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incubated at 65 °C for 15 minutes. The mixture was immediately placed on ice. One-
forth volume of the gel-loading buffer (50% v/v glycerol, 1 mM EDTA, pH 8.0 and
0.5% wi/v bromphenol blue) was added to each sample. The sample was loaded into
the 1% agarose gel containing formaldehyde and ethidium bromide. The RNA marker
was used as a standard RNA marker. Electrophoresis was carried out in 1x MOPS
buffer at 50 volts, until bromphenol blue was migrated approximately % of the gel
length. The total RNA was visualized as fluorescent bands using a UV

transilluminator (UVP).

First-stranded cDNA synthesis

The first-strand cDNA was generated using the method according to
ImProm-11"™ Reverse Transcription System. Three micrograms of the total RNA
sample and 0.1 uM of oligo(dT) primers were mixed. Sterile water was added and
adjusted the final volume to 5 pl. The reaction was incubated at 70 °C for 15 minutes
and immediately placed on ice for more than 5 minutes. Subsequently, 2 ul of 5x
reaction buffer, 2 ul of the dNTP mix (5 mM of each dATP, dCTP, dGTP, and dTTP),

1ul of reverse transcriptase (200 units/ul), and 0.5 ul of recombinant RNasin®

ribonuclease inhibitor (20U) were added and gently mixed. The reaction was
incubated at 42 °C for 1 hour. Consequently, the reaction was incubated at 75 °C for
10 minutes to terminate the reverse transcription activity. The cDNA was diluted with
nuclease free water to 1:10 dilutions, used as template for PCR reaction, and stored at
-20°C until used.

Amplification of chitinase gene

The cDNA from the hepatopancreas of P. monodon was used as template for
PCR amplification of the chitinase gene with a pair of degenerate oligonucleotide
primers. The two primers were designed based on the ORF of chitinase 1 gene from
Penaeus monodon (PmChi-1). The cloning sites were incorporated into the forward

and reverse primers. Their sequences were as follows:
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1. Forward primer with the Ndel site

Hpforl: 5° GGAATTCCATATGGTGAGCGGCCGAGTT 3’

2. Reverse primers
- Reverse primer with BamHI site for shorter chitinase gene

Hprevll: 5° CGGGATCCAGGCTCTGACTTGGAAAG 3’
- Reverse primer with Notl site for longer chitinase gene

NHPyRewll: 5’AAGGAAAAAAGCGGCCGCTCAATGGTACACTTTAGTTC 3’

- Reverse primer with BamHI site for the catalytic domain (CatD) of
chitinase

RCatD: 5" CGGGATCCCTAAAGAGTGGGAGC3’

PCR amplification was performed as follows: pre-denaturation at 94 °C for 5
minutes, 25 cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C for 30
seconds, extension at 72 °C for 4 minutes. The final extension step was performed at
72 °C for 10 minutes. A prominent PCR product size of full-length and CatD were
approximately 1.95, and 1.2 kb, respectively.

A chitinase gene was purified by phenol-chloroform precipitation method (see
Appendices A). After precipitation, the DNA pellet was dissolved in 20 ul of TE
buffer. The gene was tailed with an adenine nucleotide and ligated to the pGEM-T
Easy vector, called a recombinant plasmid (see Appendix B). The recombinant
plasmid was . transformed into an E. coli strain- Top10 using electroporation. The
transformants were selected using the blue white screening on the ampicillin agar
plates.. A single white colony of E. coli harboring a recombinant plasmid was grown
in 1.5 ml'LB broth containing 100 pg/ml of ampicillin and-incubated at 37 °C for an
overnight. The recombinant plasmid was prepared by a minipreparation method as
described by Sambrook and Russell (2001) and digested with Ndel and BamH]I at 37 °
C for an overnight. The digested plasmid was analyzed by 0.8% agarose gel
electrophoresis. The sizes of full-length and CatD PCR product were approximately
1.95 and 1.2 kb in length, respectively. Each DNA fragment was purified by using the
QIAquick Gel Extraction Kit.
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Recombinant expression of chitinase gene in the Escherichia

coli expression system

Preparation of the expression vector pET-17b

The expression vector used in this experiment was pET-17b. The
restriction sites used to clone the chitinase gene into vector were Ndel and BamHlI.
The pET-17b was prepared according to midipreparation method as described by
Sambrook and Russell (2001).

A single-colony of E. coli TOP 10, containing the pET-17b, was
inoculated into 25 ml of LB medium supplemented with 100 pug/ml ampicillin. The
culture was incubated overnight at 37 °C, transferred into a 15-ml tube and harvested
by centrifugation at 5,000 rpm, 4 °C for 3 minutes. The pellet was resuspended in 1
ml of solution | (25 mM Tris-HCI, pH 8, 10 mM Na;EDTA, 50 mM glucose and 5 mg
lysozyme), gently mixed and kept on ice for 5 minutes. A 2 ml of freshly prepared
solution Il (1% SDS, 0.2 N NAOH) was added, mixed by inversion and kept on ice
for 10 minutes. The mixture was neutralized by adding 1.5 ml of 7.5 M ammonium
acetate, mixed and left on ice for 20 minutes. After centrifugation at 5,000 rpm, 4 °C
for 15 minutes, the aqueous phase was transferred to a new tube. An equal volume of
phenol:chloroform:isoamyl alcohol (25:24:1) was added and gently mixed. The
mixture was centrifuged at 5,000 rpm, 4 °C for 15 minutes. Consequently, two
volumes of absolute ethanol were added, mixed and stored at -20 °C for 30 minutes.
The plasmid was collected by. centrifugation at 5,000 rpm, 4 °C for 15 minutes and air
dried for 10 minutes.

The pellet was dissolved in TE-buffer containing 20 pug/ml of DNase-
free RNaseA, incubated at 37 °C for 10 minutes. The plasmid was then extracted with
phenol:chloroform:isoamyl. Then, 50 ul of 3M sodium acetate and one volume of
phenol:chloroform:isoamyl were added, extracted and centrifuged at 5,000 rpm, 4 °C
for 15 minutes. Two volumes of absolute ethanol were added, mixed and stored at -20
°C for 30 minutes. The plasmid was collected by centrifugation at 5,000 rpm, 4 °C for
15 minutes, and air-dried for 10 minutes. The pellet was resuspended in TE-buffer

and stored at -20 °C until used.
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Restriction enzyme digestion

Since the expression vector pET-17b contains Ndel and BamHI
restriction sites, these two restriction sites were then incorporated into the primer used
for the amplification of chitinase gene. The vector and clone of the amplified chitinase
gene were digested with Ndel and BamHI. Approximately 20 pg of DNA was
digested in 50 pl reaction volume, containing 1x BamHI1 buffer (150 mM KCI, 10 mM
Tris-HCI, 10 mM Mg.Cl, 1 mM dithiothreitol), 100 ug/ml BSA, and 10 units of
BamHI and Ndel. The reaction was incubated at 37 °C for an overnight.

After digestion with Ndel and BamHI, the pET-17b was extracted with
a phenol:chloroform solution and ethanol precipitated. The DNA pellet was dissolved
in 20 ul of TE buffer. The DNA concentration was estimated using 0.8% agarose gel
electrophoresis under UV transilluminator by comparing with the A/Hindlll marker.

The digested pET-17b was used for the cloning of chitinase gene.

Ligation
A suitable molecular ratio between vector and inserted DNA in a mixture of

cohesive-end ligation is usually 1:3. To calculate the appropriate amount of PCR

product (insert) used in ligation reaction, the following equation was used:

ng of vector x kb size of insert x insert:vector molar ratio = ng of insert

kb sized of vector

The 10 pl ligation reaction was composed of 1 ul of 10x T4 DNA
ligase buffer, 1 unit of T4 DNA ligase, 10 ng of Ndel and BamHI digested pET-17b
and 4 ng of Ndel and BamHI digested amplified chitinase gene. The reaction was
incubated at 12 °C for an overnight. One microlitre of the ligation mixture was
transformed into the competent E. coli Top10.

Electrotransformation

The competent cells were gently thawed on ice (see Appendix C).

Forty microlitre of cell suspension were mixed well with 1 ul of the ligation reaction,
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and placed on ice for 1 minute. The cells were transformed by setting the GENE
pulser apparatus (Bio-RAD) as follows: 25 uF, 200 Q of the pulse controller unit, and
2.50 kV. After one pulse was applied, the cells were immediately resuspended with 1
ml of LB broth. The cell suspension was incubated at 37 °C with shaking at 250 rpm
for 45 minutes. The cell suspension was spread on the LB agar plate containing 100 p
g/ml ampicillin and incubated at 37 °C for an overnight. After incubation, colonies

were randomly selected for plasmid isolation.

Isolation of the recombinant plasmid

The recombinant plasmid containing chitinase gene was selected by
restriction enzyme digestion using Ndel and BamHI. The digested plasmid was
analyzed by 0.8% agarose gel electrophoresis. The clone containing the correct DNA
fragment of approximately 1.95 and 1.2 kb for full-length and CatD, respectively,
were selected. DNA sequencing was performed to confirm the correct junction of the

vector and the inserted DNA as well as the sequence of the chitinase gene.

Expression of recombinant chitinase gene

After the correct expression clone was identified, a recombinant
chitinase gene was used for transformation into the expression host. The expression
hosts used in this experiment were E. coli strains BL21(DE3), BL21(DE3)pLysS, and
Rosetta(DE3)pLysS. A single colony was picked from the spread plate and inoculated
in 10 ml LB containing the appropriate antibiotic (100 ug/ml of ampicillin for BL21
(DE3), 100 pg/ml of ampicillin and 34 pg/ml of chloramphenicol for BL21(DE3)
pLysS and Rosetta(DE3)pLysS in 125 ml Erlenmeyer- flask. The culture was
incubated with shaking at 37 °C and 30 °C until the ODggo reached 0.8. Consequently,
cell culture was inoculated in the 500 ml of LB medium containing appropriate
antibiotic. When the optical density at 600 nm (ODgy) reached 0.6-0.8
(approximately 2-3 hours), IPTG was added to the final concentration of 0.25 mM
and then incubated overnight. One milliliter of culture medium was collected after
induction at 0, 1, 2, 3, 4 hours, and overnight. Both the pellet and medium fractions
were collected by centrifugation at 5,000 rpm for 10 minutes at 4 °C, and analyzed by
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SDS-PAGE. The chitinase was followed by activity staining and chitinase activity
assay. The pellet was resuspended in 100 ul of 2X loading dye. This sample was
heated for 20 minutes in boiling water. Five microlitre of the denatured sample was
aliquot and 5 ul of 2X loading dye was added together to obtain 10 ul of sample for
running in PAGE. This new sample was reheated for 10 minutes in boiling water
before loading. The medium fraction was added 1/10 volume of 100% TCA (w/v),
gently vortexed for 15 seconds and placed on ice for a minimum of 15 minutes.
Consequently, the mixture was centrifuged at 12,000 rpm for 10 minutes. The pellet
was washed twice with 100 ul of acetone. The pellet was dried thoroughly and
resuspened in 50 pl of 1 N NaOH. Ten microliters of sample was mixed with 1x
sample buffer and heated for 10 minutes in boiling water. Finally, the mixture was
stored at -20 °C until used.

Expression of chitinase in the Pichia pastoris expression

system

Screening of the recombinant plasmid

The Pichia muti-copy expression vector, pPICIK, was selected for
chitinase expression. It carries kanamysin resistance to G418 in Pichia. Spontaneous
generation of multiple insertion events, which occurs in Pichia at a frequency of 1-
10%, can be identified by the level of resistance to G418.

Pichia transformants were selected on histidine deficient medium and
screened for their level of resistance to G418. An increasing level of resistance to
G418 indicates multiple copies of the kanamycin resistance gene and of the interested
gene. Increasing copy number of the interested gene in a recombinant Pichia strain

may increase protein expression levels.

Amplification of cDNA encoding chitinase

For the construction of an expression cassette, the forward and reverse

primers were designed. In addition to the convenience of cloning, Mfel site was added
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to the 5’-end of the forward PCR primers. Besides, a Notl site was added to the 3’-end

of the reverse primer. Primer sequences were:

NHPyfor: 5° GCGCAATTGATGGTGAGCGGCCGAGTT 3’
NHPyRewll: 5> AAGGAAAAAAGCGGCCGCTCAATGGTACACTTTAGTTC 3’

These primers were used to amplify the chitinase gene, which was then
cloned in-frame into the Pichia expression vector, pPICI9K, and transform to E. coli
XL-10 GOLD cells.

The PCR amplification was performed as follows: denaturation at 94 °
C for 5 minutes, 25 cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C
for 30 seconds and extension at 72 °C for 4 minutes, and final elongation step at 72°C
for 10 minutes. A prominent PCR product of approximate 2 kb was cloned and

sequenced.

Construction of the recombinant plasmid

A PCR product was purified by Qiaquick PCR Purification Kit, cloned
into the pGEM-T easy vector and transformed the E. coli Top10. The recombinant
colonies were selected by blue-white colony screening. The plasmid containing
chitinase was subcloned into the pPIC9K vector. The recombinant plasmid and the
pPICOK vector were digested with Mfel/Notl and ECoRI/Notl, respectively. After
digestion, the reaction was loaded and separated on 0.8% agarose gel. The target band
of each reaction was eluted and purified from gel through the QIAquick Gel
Extraction Kit. These two fragments was ligated together and transformed into E. coli
XL-10 GOLD. The transformants were screened on a LB/ampicillin plate. The
recombinant colonies were selected for plasmid extraction and restriction enzyme

analysis. The plasmid containing the chitinase gene was sequenced.

Electrotransformation

The recombinant plasmid was prepared by midipreparation. The

extracted plasmid was linearized by digested with restriction enzyme Sacl.
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The competent cells were gently thawed at room temperature and then
immediately placed on ice. Eighty microlitres of the cell suspension was mixed with
5-20 pg of the Sacl linearized chitinase-containing plasmid and placed on ice for
approximately 5 minutes. The mixture of cell and DNA was transformed by
electroporation in a cold 0.2 cm cuvette with the apparatus setting as 25 uF of the
Gene pulser; 200 Q of the pulse controller unit, and 1.50 kV of the Gene pulser
apparatus (Bio- RAD). After one pulse was applied, the cells were immediately
resuspended with 1 ml of ice cold steriled 1 M sorbital and transferred to a test tube.
The 250 pl cell suspension was spread onto the YPD agar plates and incubated at 30 ©
C until colonies appear. After incubation, colonies were subsequently screened for
G418 resistance at a final concentration of 0.25, 0.5, 0.75, 1, and 1.5 mg/ml G418.
Colony PCR was used to confirm the presence of the target gene in the chromosome

of recombinant yeast before it was used in protein expression.

Detection of the desired recombinant plasmid by colony PCR

The PCR reaction was used to confirm the presence of chitinase gene
in the yeast chromosome. The yeast genomic DNA was used as a template and
amplified with the 5’AOX and a-factor primers. The yeast genomic DNA was
prepared by picking a single colony and resuspending in 10 pul of water. Then, 5 pul of
a 5 U/ul solution of lyticase was added. The mixture was incubated at 30 °C for 10
minutes, and frozen at -80 °C for 10 minutes or immersed in the liquid nitrogen for 1
minute. The amplification ‘reaction was prepared in-a 50 ul reaction volume
containing 5 pl of cell lysate, 25 mM of each dNTP (dATP, dCTP, dTTP, dGTP), 1x
PCR buffer, 2.5 mM MgCl, and 10, pmole/ul of each primers. Sterile distilled water
was added to make the final volume to 49.6 pl. The amplification was started with
initial denaturation at 95 °C for 5 minutes. The Taq DNA polymerase of 0.8 units was
added. The reaction was followed by 30 cycles of 95 °C for 1 minute, 54 °C for 1
minute and 72 °C for 1 minute. The final extension was 72 °C for 7 minutes. The
resulting PCR reaction was analyzed on the 1% agarose gel to determine whether the
DNA fragment was successfully amplified.
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Expression of chitinase in yeasts

A single colony of selected clone was inoculated in 5 ml of YPD in a
50-ml conical flask, cultured at 30 °C with shaking for an overnight, and used as the
starter. The 0.2 ml of the starter was then inoculated into 100 ml of BMGY medium in
a 1-liter flask. The culture was grown overnight to an optical density at 600 nm
(ODgno) of 2-6 (approximately 16-18 hours). The cells were harvested by
centrifugation at 3,000g for 5 minutes at room temperature. To induce the
recombinant protein expression, decant the supernatant and resuspend cell pellet in 10
ml BMMY medium. Place suspension in a 100 ml baffled flask and return to
incubator to continue to grow. Add 100% methanol to a final concentration of 0.5%
(v/v) every 24 hours to maintain induction. At every 24 hours for 6 days transfer 1 ml
of the expression culture to a 1.5 ml microcentrifuge tube. Centrifuge at 20000 rpm in
a microcentrifuge for 2-3 minutes at room temperature. Transfer the supernatant to a
separate tube and store the supernatant at -80 °C until ready to assay. Analyze the cell
pellets for protein expression by SDS-Polyacrylamide Gel Electrophoresis. These

samples are used to analyze expression levels and determine the optimal time post-

induction to harvest.

Characterization of chitinase

Preparation of chitinase

The overnight cell culture was collected and centrifuged at 5,000 rpm
for 10 minutes at 4 °C. The supernatant was removed and stored at 4 °C, whilst the
pellet ' was resuspended in 0.25% cold lysis buffer (3 mM EDTA, 20 mM Tris-HCI
buffer, pH 7.5, 0.5% triton-X 100) and sonicated using the Bendelin Sonoplus uwW
2200 (Bandelin Electronic) with the KE76 probe (6 mm diameter) for 2 minutes, 20%

of amplitude. The sample was stored at -20 °C.
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Chitinase activity assay

Chitinase activity was assayed using a modified method of Schales
(Imoto, 1971). The assay was based on the increase of reducing sugar. The reaction
volume of 1.5 ml consisted of an appropriate amount of enzyme solution, 1.0 mg/ml
B-chitin, 0.15 ml of 1.0 M phosphate buffer, pH 7.0, and 200 ul of chitinase. Reaction
mixture was incubated at 37 °C for 1 hour. Two microliters of color reagent (0.5 g
potassium ferricyanide in 1 liter of 0.5 M sodium carbonate) was added to the reaction
mixture to stop the reaction. The solution was heated for 15 minutes, and rapidly
cooled. Excess B-chitin was removed by centrifugation at 5,000 rpm for 15 minutes.
The supernatant (A;) was measured for the optical density at 420 nm with a
spectrophotometer. A bank value (Ap) was obtained by using pre-heat enzyme
(enzyme was heated in boiling water for 20 minutes). The enzyme activity was
determined from the different values of Ag-As. One unit (U) of enzyme activity was
defined as the amount of the enzyme capable to liberate 1 pumole of either N-

acetylglucosamine or D-glucosamine per hour (Appendix E).

Optimum pH of chitinase

The optimum pH of chitinase was determined by assaying the activity of the
enzyme at various values of pH. A universal buffer was used in the range of 2.6-10.

The chitinase activity was assayed according the method described above.

Optimum temperature of chitinase

The optimum temperature ‘of chitinase ‘was determined by assaying the
chitinase activity at temperatures.in the range of 30-80 °C. The assay was done using

a method described above.

Substrate specificity

The crude enzyme was incubated with each of the following substrates;
0.1 mg/ml partially N-acetyl chitin (PNAC), 1.0 mg/ml colloidal chitin, 1.0 mg/ml
regenerated chitin, 1.0 mg/ml B-chitin, 0.1 mg/ml 75% colloidal chitosan, and 0.1
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mg/ml 100% colloidal chitosan at 37 °C for 1 hour. The activity was assayed by using

a method described above.

Determination of hydrolytic products

The crude chitinase was incubated under optimum conditions for an
overnight. The completely hydrolyzed sample was centrifuged at 12,000 rpm for 10
minutes. The products in the supernatant liquid were analyzed by HPLC and TLC
methods. For HPLC method, 0.3 ml of the supernatant liquid was mixed with 0.7 ml
of acetronitrile, and filtered through a 0.45-micron filter. The hydrolytic products
were analyzed by HPLC through the Shode Asahipak NH,P-50 column using a
mobile solvent of 30:70 water:acetronitrile and a flow rate 1.0 ml/min. The reaction
mixture of 20 ul was injected into the HPLC column and the optical density at 210 nm
was measured with a UV detector.

For the TLC method, the supernatant liquid was dried by vacuum
centrifugation. Subsequently, the pellet was resuspended with 10 pl of deionized
water and spotted on the silica gel plate for thin layer chromatography (TLC). A
mixture of n-propanal.ethanol:water (5:2:1, v/v) was used as the developing solvent,
and the amino sugars were detected by spraying the plate with aniline-diphenylamine

reagent and baking at 120 °C for 30 minutes.



CHAPTER 111
RESULTS

Searching and identifying the chitinase genes from the

database

A total of 10,100 EST sequences in Penaeus monodon EST database
(http://pmonodon.biotec.or.th) were searched for putative chitinase genes by using a
searching program. A complete search shows that the EST database contained three
putative chitinase genes: two from a hemocyte library and another from a
hepatopancreas library. Sequences of these putative genes were reconfirmed by
alignment with BLASTN program. The results show all sequences are similar to
chitinase gene. One clone found in the hepatopancreas library, named HPa0029, was
selected for study in all experiments. A homology searching of this putative chitinase
gene using the BLASTN program demonstrate has 88% homology to the Penaeus
japonicus chitinase 1, named PjChi-1 (Watanabe, T., et al 1996) and 87% homology
to the Penaeus monodon chitinase 1, named PmChi-1 (Tan et al., 2000) as shown in

Figure 3.1

Recombinant expression of chitinase gene in the Escherichia

coli expression system

Hepatopancreas collection and total RNA preparation

From the BLASTN result, the full-length of this gene was investigated

from an expressed gene, total RNA, by using specific primer in order to amplify the
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expressed fragment from start codon to the site of 2027 and 2008 Pjchi-1 and
PmChi-1, respectively, after stop codon (Figure 3.1). On the reverse primer, this
primer was designed at the location that more conserves on both Pjchi-1 and PmChi-
1. However, reverse primer sequences were based on PmChi-1 which was more
similar to the chitinase gene found in P. monodon than Pjchi-1 did.

To obtain the mRNA, a hepatopancreas of normal shrimp was
collected and was ground in liquid nitrogen using chilled motars and pestles. The
TRIreagent (Molecular biology grade) was added for extracting a total RNA from
hepatopancreas as described in Materials and Methods. The Azso/Azgo ratio of the total
RNA sample was 1.64, which is the expected ratio for acceptable quality of the total
RNA. The extracted total RNA was examined by electrophoresis on a denaturing
formaldehyde-agarose gel as shown in Figure 3.2. The result shows the total RNA

extracted from hepatopancreas.
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CCGAGTGACCGTCGCTATCAGCTCCTCCGAGGACACTTCGCTGACCG---GCGGCTCTTG
———————————————————————— GCACGAGGAGACTCGACGCACTGCAGACCGTTCTCT

CGCTCATTCGCTGCGACTCCGCCAAGATGETGAGCGGACGCGTTTTAGCAGCTCTTGTAG
TGGTCGTCCGTTGAGACTCCACCAAGATGETGAGCGGCCGAGTTTTGGCAGTCCTAGTGA

CTGTCGCAGCGTTGGCAACACTGGTGTTGGCTGACCCGAGAATCGAGCGGGAAGGAGCGC
CGCTTGCAGCATTGGCAACACTAGTGTTGGCTGACCCGAGATTCGAGCAAGAAGGAGCCC

AGCGCAAGTGGGTTCGCCCCGAGGGTCAGGCGCGGCGCGTGTGTTACTACGAGGCGTGGG
AGCGGCGGTGGGTGCGGCCCGAGGGCCAGGCGCGCCGCGTGTGCTACTACGAGGCGTGGG

CGATCTACCGGCCCGGCGACGGCTTCTACGACATCGAGGACATTCCCGCCGGCCTGTGCA
CCATCTACCGGCCCGGCGACGGCTTCTACGACATCGAGGACATCCCCGCCAACCTGTGCA

CGGACCTCATCTACTCGTTCATCGGCCTTTCCAATGTGACCTGGGAAGTGCTC-TTCTTG
CGGACCTCATCTACTCGTTCATTGGCCTCTCCAACGTCACGTGGGAAGTGCTCATTCTCG

ACCCTGAGTACGACATCAACATGAATGGCTTCCGGCGGTTCGTGGCGCTGAAGGAGAAGT
ACCCTGAGTACGACATCAACCTTGACGGTTTCCGCCGGTTCGTGGCGCTGAAGGACAAGT

ATCCCGACATGAAGACGAACATTGCCGTCGGGGGCTGGGCCGAGGGCGGCAGGAAGTACT
ACCCTGACATGAAGACAAACATCGCCGTGGGCGGCTGGGCCGAGGGCGGAAGGAAGTACT

CGCAGATGGTGATGGTCGCCGAGAGGAGGGCGTCCTTCATCAGAAGCGTCGTCCAGCTGC
CGCAGATGGTGATGGTGCCCGAAAGGAGGGCGTCTTTCATCAGGAGCGTCGTCCAGCTGC

TCACTGACTACGGCTTCGACGGCCTGGACTTGGACTGGGAATACCCTGGCGCCACAGACC
TCACCGACTACGGCTTCGACGGGTTGGACTTGGACTGGGAATACCCTGGCGCCACAGACC

GCGGAGGCCAGTATGCCGACAAGGACAACTTCCTTAAGTTCGTGCAGGACGTGCGCGAGG
GAGGAGGCCAATATGCCGATAAGGACAACTTCCTTAAACTGGTGCAGGAGCTGCGCGAAG

CCTTCGACACGGTAGGGCTCGGCTGGGAGATCACCTGCGCCGTGCCTGTGGCCAAGTTCC
CCTTCGACACCGTGGGGCTGGGCTGGGAAATCACGTGCGCCGTGCCCGTGGCCAAGTTCC
—————————————— GGAAAAGGATGGGAACTGACGTGTGCTGTCCCTGTGGCCAAGTTCA

** *k Kkkkk ECEE = I = I A
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TGTGGGTGGAATTCGGTTGTCCCCGCGATAAGCTGGTGGTCGGGACGCCATTCTACGGGC
TGTGGGTGGAATTCGGGTGTCCGCGTGATAAGTTGGTGGTCGGGACGCCATTCTACGGGC
TGTGGGAGGAATTCGGGTGCCCTCGCGACAAGCTGGTGGTGGGGACGCCCTTCTACGGGA
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GCACCTACACGCTGGGTGACCCCACCAACAACGGCCTGCACGCGCCCATCAAGAAGTGGG
GGACCTACACGCTGGGGGACCCTAACAACAACGACCTCCACGCACCCATCAAAGCGTGGT
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AAGGAGGAGGCAAGCCCGGCCCTTACACCAACGCCACGGGCACCATGGCTTACTTCGAGA
AGGGAGGCGGCAAGCCCGGCCCTTATACCAACGCCACCGGCACTATGGCTTACTTCGAGA
TGGGAGGAGGTAACCCAGGGCCCTATACCAACGCCACGGGAACTCTCGCTTACTTCGAGA
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TCTGCCTCATGATGCAGGAGGACTCAGAGTGGGTCGATCGCTACGATGACGTCGGCCTCG
TCTGCCTCATGATGAAGGAGGACTCCGAGTGGGTCGATCGCTACGATGACGTCGGCCTCG
TCTGCAGCATGATGGTCCAGGACTCGGCTTGGGTGGATCGCTACGATGACGTCGGCCTCG

*

TCCCCTTTACGCACAAAGGCGACCAGTGGGTGGGCTACGAAGACCCTGACAGCCTCAAGA
TCCCATTCACGCACAAAGGCGACCAGTGGGTGGGCTACGAGGACCCTGACAGTCTCAAGA
TTCCCTTCACGCATAATGGTGACCAGTGGGTGGGCTACGAGGACCCGGCCAGCCTCAAGA
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TCAAGATGGACTTCATCCGCGAGCAGGGCTACCTGGGCGCCATGACCTGGGCCATCGACC
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TCAAGATGGACTACATCCGGGACATGGGTTTCCTCGGGGCCATGACGTGGGCCATCGACC
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Pjchil CCTGTCAAGTCATCTCCCCCATTGATGATGAAGATGTTAAAGCATTAATGTC-——————- 2076
Pmchil CCTGTTAAGTCAGTACCCCCCCTGTTAATGAAGATGGTAAAGAACTAAAGTGTACCATTG 2065
HPO029  mmmmmmm e

PIChEL e
Pmchil AGAATAAGCCGCCAAAAGGAGGTCTCCAAATCCTTCATTTGTGAATGAATACAAAAGTAT 2125
HPO029

Pichil =
Pmchil CATTAATGATAAAAAAGAGAACATCATACAAATGGTGTGGCAAGAAAAGGTAAGGAAGTA 2185
vy R, L A —

Pichil = o S c—
Pmchil TCATCTAGAAGTAAATAAATAAATCACTGAGTCAGAGTAGAAAGTAATATCATTTTTGAG 2245
HPO029 - R L e

Pjchil - R == TR N e -
Pmchil AAGACAACAATAATAATAACTATAACATTAATAATAACTAATAGAGACAAAAATAATTAA 2305
HPO029 - o U o R N N -

Pjchiin, = — -4 S F NeydME S8 e
Pmchil CATTATAGCTGGATAAATCAACGGAAATATAAGT TGACAACATTAAAGAAAACCTTGTGT 2365
HPOO29 - T T e T SR e -

T 71] AR (o R ——
Pmchil TAGTCATTTTCTGTGCGAATTTTTGCATAACAAAATTTGCTAGTTTATGAAATAAAAAAT 2425
12100 T o A, S —

Pjchil  —mmmemm
Pmchil GTTTGAAACAGTAAAAAAAAAAAAAAAAAA 2455
HPOO29  -———-f .

Figure 3.1  The nucleotide alignment of the HPa0029 with the chitinasel gene of
P. monodon (PmChi-1) and chitinasel gene of P. japonicus (PjChi-1).
The start codon of PmChi-1 and PjChi-1 had shown in box. The blue
letter is stop codon of PmChi-1. The green letter is stop codon of

PjChi-1. The underline letter is the oligonucleotide primers.
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The total RNA extracted from the hepatopancreas- of P. monodon
electrophoresed on a 1% formaldehyde agarose gel. Lane M is the
RNA maker, and Lane 1 is the total RNA.
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Amplification of the cDNA encoding chitinase

The total RNA was used in reverse transcription. Reverse transcription
was primed by oligo (dT);s primers to obtain a cDNA. A chitinase gene cDNA
sample was amplified, using a specific of primers, designed from the sequence of a
previous cloned chitinase gene, PmChi-1 (Tan et al., 2000). The forward and reverse

primers for the amplification were shown below:

Hpforl 5" GGAATTCCATATGGTGAGCGGCCGAGTT 3’
HPRewlI 5’ CGGGATCCAGGCTCTGACTTGGAAAG 3

The forward primer was designed from a site of +1 of PmChi-1 added
with Ndel restriction site and the reverse primer was designed from the site of +1950
of PmChi-1 added with BamHI restriction site. Between these sites, the PCR
amplified from these primers was the full-length gene based on PmChi-1.

PCR amplification was performed by pre-denaturation at 94 °C for 5
minutes, 25 cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C for 30
seconds, and extension at 72 °C for 4 minutes, and the final extension at 72 °C for 10
minutes. The PCR product was electrophoretically separated on a 0.8% agarose gel. A
prominent PCR product of chitinase gene with the approximated size of 1.95 kb was

observed as shown in Figure 3.3.



Figure 3.3
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Agarose gel electrophoresis of the amplified chitinase gene. The PCR
product was separated on a 0.8% agarose gel and visualized by
ethidium bromide staining. Lane M is a DNA marker, and lane 1 is the
PCR product.
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Construction of a pGEM-T easy recombinant plasmid containing the

chitinase gene

The PCR product from the previous step was purified and digested for
overnight with Ndel and BamHI restriction enzymes. A pGEM-T easy vector was also
digested for overnight with Ndel and BamHI restriction enzymes. Both reactions were
separated on 0.8% agarose gel. The target band was eluted from gel and purified by
using Qiaquick Gel Extraction Kit (Qiagen). The digested fragments were ligated
together by ligase for overnight. The ligation reaction was transformed into the E. coli
Topl0 cells. The recombinant clone was selected on LB agar plate containing
ampicillin and X-Gal. The white colonies were randomly selected and cultured in LB
broth containing ampicillin overnight. The cultures were subjected to plasmid
extraction and digestion with Ndel and BamHI restriction enzymes to prove the
correction of recombinant plasmid. Subsequently, these reactions were analyzed by
0.8% agarose gel electrophoresis. The result showed that the recombinant plasmid
contained a chitinase gene of an approximated size of 1.95 kb. The inserted DNA was

purified from the agarose gel for further ligation into the pET-17b.

Construction of the pET-17b recombinant plasmid containing the

chitinase gene

After the DNA fragment of chitinase gene was eluted from the 0.8%
agarose gel by using Qiaquick Gel Extraction Kit (Qiagen), the inserted DNA was
then subcloned into the pET-17b expression vector at the Ndel and BamHI sites. The
pPET-17b expression vector was also digested for overnight with Ndel and BamHI
restriction enzymes and then purified by using Qiaquick Gel Extraction Kit (Qiagen).
The ligation mixture was transformed into the E. coli Top10 cells. The transformants
was randomly selected for a plasmid extraction. After an extraction, the plasmids
from each clone were digested with Ndel and BamHI restriction enzymes and then
analyzed by 0.8% agarose gel electrophoresis (Figure 3.4) to confirm the presence of
inserted fragment. The analysis revealed that the recombinant plasmid indeed
contained the chitinase gene in pET-17b since the size of 1.95 kb was observed. This

plasmid was named pChi-HP.
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Sequence analysis

To confirm whether the inserted fragment was chitinase gene, the pChi-HP
was subjected to DNA sequencing. After the pChi-HP was sequenced, the DNA
sequence was compared to the PmChi-1 gene by using the clustalW program. The
comparison result revealed that the Chi-HP was a homologue to PmChi-1 with 98%
homology. Interestingly, the Chi-HP contained one adenine base insertion at a
position of 1835, causing a frame shift on downstream of this site, and resulting in
change of stop codon to the position of 1995, as shown in Figure 3.5. Moreover, the
Chi-HP gene was electronically translated to deduce amino acid. This amino acid
sequence was subjected to BLASTP program to determine domain(s) containing
within the gene. The result showed that the Chi-HP gene contained four domains,
namely, signal peptide, suggesting that it is the precursor of a secretary protein,
catalytic domain, tachycitin like domain (chitin binding domain), and proline rich
domain (Figure 3.6 and Figure 3.7).

The signal peptide was predicted by SignalP 3.0 Server program. The
prediction result shown the signal peptide was spanning 22 residues from residue 1 to
22 and the cleavage site between residue 22 and 23 of Chi-HP.

The catalytic domain of Chi-HP was spanning 426 residues from residue 23 to
425 of Chi-HP. Since the Chi-HP could not be predicted the structure; therefore the
catalytic domain of Chi-HP was chosen to predict the structure instead. The
homology modeling of the structural amino acid of catalytic domain of Chi-HP was
accomplished by SWISS Moadel Protein Modeling, which was shown in Figure 3.8.
The Chi-HP was classified into family 18 glycosylhydrolase, which was shown a
(o/B)sbarrel.-Furthermore, the amino acid. alignment of. chitinases from Chi-HP,
Bombyx mori (ChiM), Helicoverpa armigera (ChiH), and Bacillus circulans WL21
(ChiAl) were shown the conserved region, (F/L)DGXDxDXE, where x was any amino
acid. This result confirms that Chi-HP was classified into family 18 glycosylhydrolase
because this conserved region was found in only family 18 (Figure 3.9).

Thirdly domain, the amino acid sequence of Chi-HP was aligned by BLASTP
program which can detect putative conserved domains. The result indicated that the
residues from 467 to 518 of Chi-HP were chitin binding domain and has 20 %
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homology to the tachycitin of horseshoe crab, Tachypleus tridentatus (Suetake T.,
2002). Therefore, this chitin binding domain was called tachycitin like domain.
Moreover, the amino acid alignment of tachycitin like domain of Chi-HP with
tachycitin has shown the conserved cysteine 6 residues as shown in Figure 3.10. This
result indicated that tachycitin like domain consists of 3 disulfide bridges.

For the last domain, the proline rich domain, there are 2 regions of this
domain. The first region was spanning 40 residues from residue 426 to 466 of Chi-
HP. The second region was estimated spanning 131 residues from residue 519 to 650
of Chi-HP. This second region was not determined because Chi-HP has no the stop
codon. Most proline rich domain contained antimicrobial activity, so, the proline rich
domain of Chi-HP was aligned with antimicrobial peptide database by using
computer program. The result has shown that the proline rich domain of Chi-HP has
the homology of 26.22% to Penaeidins from Penaeus vannamei (Atlantic white
shrimp) (Yang, Y. et al. 2003) and 25.92% to Apidaecins from honeybee (Casteela-
Josson K. et al., 1993) (Figure 3.11, 3.12).



Figure 3.4
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Agarose gel electrophoresis of the recombinant chitinase gene in
pET-17b (pET-17b-Chi-HP). The DNA was separated on a 0.8%
agarose gel and then visualized by ethidium bromide staining. Lane M
is a DNA marker, lane 1 is the undigested pET-17b-Chi-HP, and lane 2
is the pET-17b-Chi-HP digested with Ndel and BamHI.
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GTCGGCTTCGCGGACGTGCACTCCATGCTGTACACTCGGCCCGGACTGGACGAGTGGGCC
GTCGGCTTCGCGGACGTGCACTCCATGCTGTACACTCGGCCCGGACTGGACGAGTGGGCC

TACGAGAAGCTGAACGTGAACGACGGCGCTCTCCTGTGGGTGGAATTCGGGTGTCCGCGT
TACGAGAAGCTGAACGTGAACGACGGCGCTCTCCTGTGGGTGGAATTCGGGTGTCCGCGT

GATAAGTTGGTGGTCGGGACGCCATTCTACGGGCGCACCTACACGCTGGGTGACCCCACC
GATAAGTTGGTGGTCGGGACGCCATTCTACGGGCGCACCTACACGCTGGGTGACCCCACC

*

AACAACGGCCTGCACGCGCCCATCAAGAAGTGGGAGGGAGGCGGCAAGCCCGGCCCTTAT
AACAACGGCCTGCACGCGCCCATCAAGAAGTGGGAGGGAGGCGGCAAGCCCGGCCCTTAT

ACCAACGCCACCGGCACTATGGCTTACTTCGAGATCTGCCTCATGATGAAGGAGGACTCC
ACCAACGCCACCGGCACTATGGCTTACTTCGAGATCTGCCTCATGATGAAGGAGGACTCC

GAGTGGGTCGATCGCTACGATGACGTCGGCCTCGTCCCATTCACGCACAAAGGCGACCAG
GAGTGGGTCGATCGCTACGATGACGTCGGCCTCGTCCCATTCACGCACAAAGGCGACCAG

TGGGTGGGCTACGAGGACCCTGACAGTCTCAAGATCAAGATGGACTTCATCCGCGAGCAG
TGGGTGGGCTACGAGGACCCTGACAGTCTCAAGATCAAGATGGACTTCATCCGCGAGCAG

GGCTACCTCGGCGCTATGACCTGGGCCATCGACCAGGACGACTTCCGGAACTGGTGTGGA
GGCTACCTCGGCGCCATGACCTGGGCCATCGACCAGGACGACTTCCGGAACTGGTGTGGA

AGGGGACAGAACCCGATGATGAACACCATTTACGATGGCATGAAGGACTACGTAGTGCCT
AGGGGGAACGACCCGATGATGAACACCATTTACGATGGCATGAAGGACTACGTAGTGC-T

* *

GTTGCTCCCACTCTTCCTCCAACCACAACAAGCCCCTGGTGGACCCCACCAAATAATACT
GTTGCTCCCACTCTTCCTCCAACCACAACAAGCCCCTGGTGGACCCCACCAACTACTACT

*k

ACCACAACACGGGACCCCAGCATCACCACGACCACGAGAGATCCCAACTTGCCGACCACA
ACCACAACACGGGACCCCAGCATCACCACGACCACGAGAGATCCCAACTTGCCGACCACA

ACTATGGGGCCTATTGACTGTACTGTGCAAGAATACTGGCCGCATCCGGACTGTGACAAG
ACTATGGGGCCTATTGACTGTACTGTGCAAGAATACTGGCCGCATCCGGACTGTGACAAG
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900
900

960
960

1020
1020
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1080

1140
1140
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1260
1259

1320
1319

1380
1379
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1439
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TACTACTGGTGCTTCGAAGGCATACCCCACCTGGAGTACTGCCCCGCTGGCACCGTGTGG
TACTACTGGTGCTTCGAAGGCATACCCCACCTGGAGTACTGCCCCGCTGGCACCGTGTGG

AACCAGGCTATCAAGGCGTGCGACTGGCCGGCCAACGTGGACACCTCCGGCTGCAACATG
AACCAGGCTATCAAGGCGTGCGACTGGCCGGCCAACGTGGACACCTCCGGCTGCAACATG

CCCTCGCTCTCGAAAGACGCCAGCCAGCGGCCCCTCCACAACACTATCCCTCTCAACGTC
CCCTCGCTCTCGAAAGACGCCAGCCAGCGGCCCCTCCACAACACTATCCCTCTCAACG-C

* *

CGAACCAAGGGGACCCCGCACTCGGGCAAGGCGCCAAAGGTTCCTCTTAACTTGATTTCC
CGAACCAAGGGGACCCCGCACTCGGGCAAGGCGCCGAAGGTTCCTCTTAACTTGATTTCC

AAGAAGGCAGCCCCGGCGAAGTCTTTACCTGCGAAGTCAGTTGATGCTAAATTAGTTCAC
AAGAAGCCAGCCCCGGCGAAGTCTTTACCTACGAAGTCAGTTGATGCTAAATTAGTTCAC

AATAATGCACCGCCTGCTAAACCAGCACATGCTAAGCCTCTTCATGCTAAACCAGTTCGT
AATAATGCACCACCTGCTAAACCAGCACATGCTAAGCCTCTTCATGCTAAACCAGTTCGT

GCTAAGCCAGCACCGGTAAAGCCACTTCATACTAAAGCAATTCATGCTATGCCAGCACAG

GCTAAGCCAGCACCGGTAAAGCCACTTCATACTAA-GCAATTCATGCTATGCCAGCACAG

GTAAAGTCAGCTCATACTAAACCACAA-GCGGCTAACCTAGAATCTTCCAAACCAGAACC
GTAA-GTCAGCT-ATACTAAACCACAAAGCGGGTAACCTAGAACCTTCCACACCAGAACC

GTCGAACCCAAAACTTTCCAAGT CAGAGCCT == 2= mm mmmm o
GTCGAACCTAAAACTTTCCAAGTCAGAGCCTGTTAAGTCAGTACCCCCCCTGTTAATGAA

TGGTGTGGCAAGAAAAGGTAAGGAAGTATCATCTAGAAGTAAATAAATAAATCACTGAGT
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Figure 3.5

64

AAATTTGCTAGTTTATGAAATAAAAAATGTTTGAAACAGTAAAAAAAAAAAAAAAAAA 2393

The nucleotide alignment of Chi-HP with the PmChi-1. Chi-HP
contained one adenine base insertion at position of 1835 is shown in
bold letter. The underline letter at position of 1861 is shown the old
stop codon. The new stop codon is shown in box at position of 1995.



10 20 30 40 50 60
GTGATAACGACGGCCAGTGAATGTAATCGACTCACTATAGGGCGAATTGGGCCCGACGTC

70 80 90 100 110 120
GCATGCTCCCGGCCGCCATGGCGGCCGCGGGAATCGATTGGAATTCCATATGGTGAGCGG
M V. S G

130 140 150 160 170 180

CCGAGTTTTGGCAGTCCTAGTGACGCTTGCAGCATTGGCAACACTAGTGTTGGOTGACCC
RV L AV L VT LAATLATTLV L A|DTP

190 200 210 220 230 240
GAGATTCGAGCAAGAAGGAGCCCAGCGGCGGTGGGTGCGGCCCCAGGGCCAGGCGCGCCE
R FEQEGAQRRWVRPEGIOQARR

250 260 270 280 290 300
CGTGTGCTACTACGAGGCGTGGGCCATCTACCGGCCCGGCGACGGCTTCTACGACATCGA
v CYyYy EAWAIlL Y RPGDGTF Y D1 E

310 320 330 340 350 360
GGACATCCCCGCCAACCTGTGCACGGACCTCATCTACTCGTTCATTGGCCTCTCCAACGT
b I PANLCTUDUL LY S F 1 GL S NV

370 380 390 400 410 420
CACGTGGGAAGTGCTCATTCTCGACCCTGAGTACGACATCAACCTGAACGGTTTCCGGCG
T wEVvL1LOD®PEY DI NLNGTFRR

430 440 450 460 470 480
GTTCGTGGCGCTGAAGGACAAGTACCCTGACATGAAGACAAACATCGCCGTGGGCGGCTG
F VALK D KYPDMMIKTNI1I AV G G W

490 500 510 520 530 540
GGCCGAGGGCGGAAGGAAGTACTCGCAGATGGTGATGGTGCCCGAAAGGAGGGCGTCTTT
AAE GGRK'Y S QMVYMV P ERRASF

550 560 570 580 590 600
CATCAGGAGCGTCGTCCAGCTGCTCACCGACTACGGCTTCGACGGGTTGGACTTGGACTG
I R"S vV Q'L L T DY G FD'G L DL DW

610 620 630 640 650 660
GGAATACCCTGGCGCCACAGACCGAGGAGGCCAATATGCCGATAAGGACAACTTCCTTAA
EYPGATD RGSG QY ADIKDNF L K

670 680 690 700 710 720
ACTGGTGCAGGAGCTGCGCGAAGCCTTCGACACCGTGGGGCTGGGCTGGGAAATCACGTG
L v Q ELREAFDTVGLGWETTC
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730 740 750 760 770 780
CGCCGTGCCCGTGGCCAAGTTCCGCCTGCAGGAGGGCTACCATGTGCCTCAGCTCTGCAG
AoV PV A K FRULQEGYHV P QL C S

790 800 810 820 830 840
CCTGCTGGACGCCATCCACCTGATGACGTACGACCTGCGGGGCAACTGGGTCGGCTTCGC
L L bA I H L MTYDULIRGNWVG F A

850 860 870 880 890 900

GGACGTGCACTCCATGCTGTACACTCGGCCCGGACTGGACGAGTGGGCCTACGAGAAGCT
b v HSMULYTRWPGLDEWAY E K L

910 920 930 940 950 960
GAACGTGAACGACGGCGCTCTCCTGTGGGTGCGAATTCGGCGTGTCCGCGTGATAAGTTGGT
NV NDGAL L WV EFGCPRDK L V

970 980 990 1000 1010 1020
GGTCGGGACGCCATTCTACGGGCGCACCTACACGCTGGGTGACCCCACCAACAACGGCCT
v 6 T P F Y GR T Y T L GDUPTNNGL

1030 1040 1050 1060 1070 1080
GCACGCGCCCATCAAGAAGTGGGAGGGAGGCGGCAAGCCCGGCCCTTATACCAACGCCAC
H AP I K KWEGG G K P G P Y TNAT

1090 1100 1110 1120 1130 1140

CGGCACTATGGCTTACTTCGAGATCTGCCTCATGATGAAGGAGGACTCCGAGTGGGTCGA
G T MA Y F E I CL M MK E DS E W V D

1150 1160 1170 1180 1190 1200
TCGCTACGATGACGTCGGCCTCGTCCCATTCACGCACAAAGGCGACCAGTGGGTGGGCTA
Ry bbbV L VP FTWHIKGUDQWV G Y

1210 1220 1230 1240 1250 1260
CGAGGACCCTGACAGTCTCAAGATCAAGATGGACTTCATCCGCGAGCAGGGCTACCTCGG
E D P D S L K L KMD F I R E Q G Y L G

1270 1280 1290 1300 1310 1320
CGCTATGACCTGGGCCATCGACCAGGACGACTTCCGGAACTGGTGTGGAAGGGGACAGAA
AAM T WA 1T DQDDFRNWZCGR G Q N

1330 1340 1350 1360 1370 1380

CCCGATGATGAACACCATTTACGATGGCATGAAGGACTACGTAGTGCCTGTTGCTCCCAC
P MMNTI1T Y DGMIKDY VV PV APT
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1390 1400 1410 1420 1430 1440
TCTTCCTCCAACCACAACAAGCCCCTGGTGGACCCCACCAAATAATACTACCACAACACG
L PP T TTSPWWTPPNNTTTTR

1450 1460 1470 1480 1490 1500
GGACCCCAGCATCACCACGACCACGAGAGATCCCAACTTGCCGACCACAACTATGGGGCC
pbppsS i1 1TTTTWRDWPNLZPTTTMG P

1510 1520 1530 1540 1550 1560

TATTGACTIGTACTGTGCAAGAATACTGGCCGCATCEEGACTGTGACAAGTACTACTGGIG
1 ofc]T voQ EYwpP H®BRD [c]D Kk ¥ v w[c]

1570 1580 1590 1600 1610 1620
CTTCGAAGGCATACCCCACCTGBAGTACTGCCCCGCTGECACCGTGTGGAACCAGGCTAT
FEG 1 P'HW ENI[C]P AG TV WNGO QA

1630 1640 1650 1660 1670 1680

CAAGGCGIGCGACTGECCGECEAACGTEEACACCTCCEECIGCAACATGCCCTCGCTCTC
K Alc]p w pAfA/N NV D 7% GcJ]N M P s L s

1690 1700 1710 1720 1730 1740
GAAAGACGCCAGCCAGCGGCCCCTCCACAACACTATCCCTCTCAACGTCCGAACCAAGGG
K b ASQRPL HNT I P L NVRT K G

1750 1760 1770 1780 1790 1800
GACCCCGCACTCGGGCAAGGCGCCAAAGGTTCCTCTTAACTTGATTTCCAAGAAGGCAGC
T P H S G K A P K V P I N T S K K A A

1810 1820 1830 1840 1850 1860
CCCGGCGAAGTCTTTACCTGCGAAGTCAGTTGATGCTAAATTAGTTCACAATAATGCACC
P AK SLPAKSVDAIKULVHNNAP

1870 1880 1890 1900 1910 1920
GCCTGCTAAACCAGCACATGCTAAGCCTCTTCATGCTAAACCAGTTCGTGCTAAGCCAGC
P.A KPP A H A K P L H A K P.V R A K P A

1930 1940 1950 1960 1970 1980
ACCGGTAAAGCCACTTCATACTAAAGCAATTCATGCTATGCCAGCACAGGTAAAGTCAGC
P VvV K P L HTIKAIHAMZPA AU QV K S A

1990 2000 2010 2020 2030 2040
TCATACTAAACCACAAGCGGCTAACCTAGAATCTTCCAAACCAGAACCGTCGAACCCAAA
H T K P Q A ANLIESS KPE P S N P K
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2050 2060 2070 2080 2090 2100
ACTTTCCAAGTCAGAGCCTGGATCCCGAATCACTAGTGATTCGCGGCCGCCTGCAGGTCG
L S K S E P

2110 2120 2130 2140 2150 2160
ACCATATGGGAGAGCTCCCAGCGCGGTGAGTGCATAGCTTGAGTATTCTATAGGTCACCT

Figure 3.6  The nucleotide and deduced amino acid sequences of chitinase gene
(Chi-HP) isolated from the hepatopancreas of P. monodon. Chi-HP
contains the hydrophobic signal peptide (red box), catalytic domain
(blue alphabets), tachycitin like domain or chitin-binding domain (pink
alphabets), and proline rich domain (green alphabets). The six
conserved cystein residues are shown in orange boxed. The underline

letters are shown the oligonucleotide primers.

Signal peptide

Catalytic domain

Tachycitin like domain (Chitin binding domain)

OO0 O

Proline rich domain

Figure 3.7 A model of the putative Chi-HP gene consisting of several domains.
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Figure 3.8 Structure of Catalytic domain of Chi-HP. Theoretical structure of
catalytic domain of Chi-HP was accomplished by SWISS Model
Protein Modeling (SWISS-MODEL version 36.0002)
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The amino acid sequence alignment of chitinase in family 18 from
Chi-HP, Bombyx mori (ChiM), Helicoverpa armigera (ChiH), and
Bacillus circulans WL21 (ChiAl). The conserved region of chitinase

family 18 is shown in box.
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were labeled in-red letter.
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An amino acid alignment of Chi-Hp with tachycitin. Cystein residues
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An_amino acid alignment of proline rich domain of Chi-Hp with

Penaeidins.
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An amino acid alignment of Chi-Hp with Apidaecins.
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Expression of the recombinant protein

Recombinant expression of chitinase gene in the Escherichia coli

expression system

To express the chitinase isolated from hepatopancreas, after the
correction of this gene was confirmed in several ways, the recombinant plasmid, pET-
17b-Chi-HP, was transformed into the E. coli expression host cells, both Rosetta
(DE3)pLysS and BL21. Each transformant was cultured in LB medium containing
100 pg/ml ampicillin. IPTG was used as an inducer for activating the protein
expression. After induction with 1 mM IPTG for an overnight, the culture was
collected followed by centrifugation to separate the supernatant liquid out of cell
pellet. The cell pellet was solubilized in the 2X SDS-PAGE loading dye, whereas the
soluble proteins in the supernatant liquid were precipitated in a 10% final
concentration of trichloroacetic acid as described in Materials and Methods. The
precipitated proteins were collected by centrifugation. Proteins pellet was solubilized
in 2X loading dye. Both the solubilized cells and the soluble proteins were analyzed
by 10% SDS-PAGE. The result illustrated that neither Rosetta(DE3)pLysS nor BL21
(DEJ) host cells showed the expression of chitinase (Figure 3.13 and Figure 3.14).
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Figure 3.14 SDS-PAGE of the crude enzyme preparation of the pChi-HP-
transformed E. coli BL21(DE3). Lane M is the protein marker, Lane 1
is the un-induced pET-17b transformant, Lane 2 is the induced pET-
17b transformant, Lane 3 1is the un-induced -pET-17b-Chi-HP
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Typically, the expected band should be visualized at the size of 72.69
KDa based on deduced amino acid sequence. From the result of SDS-PAGE, there
was no different intensity of the target band between un-induced and induced
pET-17b-Chi-HP transformant. This was concordant with the result from chitinase
activity staining (data not shown). Therefore the sequence of Chi-HP was rechecked.
From the sequencing result, Chi-HP has one added adenine base causing frame shift
at downstream of gene resulting in change of stop codon which differed from PmChi-
1 sequence. The new reverse primer was designed again for covering the exact stop
codon of Chi-HP gene at 3’ terminus. The new reverse primer sequence was
illustrated as follows
NHPyRewll: 5’-AAGGAAAAAAGCGGCCGCTCAATGGTACACTTTAGTTC-3.
This new reverse primer added with Notl restriction site at 5’-end was primed at the
site of +2008 which the exact stop codon for this gene was located at the site of
+1995. Subsequently, the cDNA chitinase gene was reamplified by the old forward
and the new reverse primers. The PCR reaction was separated on 0.8% agarose gel
and the prominent PCR product which approximates size of 2 kb was purified as the
same method. The purified fragment was digested with Notl and Ndel restriction
enzymes, and then was separated and eluted from 0.8% agarose gel. The digested
fragment was ligated to the pET-17b digested with the same restriction enzymes. The
recombinant plasmid, pET-17b-ChiHP74, was transformed, sequenced, and
expressed, respectively, in both BL21(DE3) and Rosetta(DE3)pLysS expression host
cells.

After this recombinant plasmid was sequenced, the sequencing result of the
new sequence shows this chitinase gene, ChiHP74, contains the open reading frame
(ORF) of 1995 bp encoding a polypeptide of 665 amino acid residues with a predicted
molecular mass of 74 kDa (Figure 3.15).



10 20 30 40 50 60

CGGCGAGTCCTGCTCCGGCCGCCTGGCGGCCGCGGGAATTCGATTGCAATTCATATGGTG
MV

70 80 90 100 110 120

AGCGGCCGAGTTTTGGCAGTCCTAGTGACGCTTGCAGCATTGGCAACACTGGTGTTGGCT
S GRV L AV LV TLAALATILV LA

130 140 150 160 170 180
GACCCGAGATTCGAGCAAGAAGGAGCCCAGCGGCGGTGGGTGCGGCCCGAGGGCCAGGCG
b PR FEQEGAQRIRWVR P E G Q A

190 200 210 220 230 240
CGCCGCGTGTGCTACTACGAGGCGTGGGCCATCTACCGGCCCGGCGACGGCTTCTACGAC
R RV CYY EAWATI Y RUPGUDGF Y D

250 260 270 280 290 300
ATCGAGGACATCCCCGCCAACCTGTGCACGGACCTCATCTACTCGTTCATTGGCCTCTCC
I E DI PANLCTODUL I Y S F I G L S

310 320 330 340 350 360
AACGTCACGTGGGAAGTGCTCATTCTCGACCCTGAGTACGACATCAACCTGAACGGTTTC
NV T WEV L I L DUPEY D1 NL N G F

370 380 390 400 410 420
CGGCGGTTCGTGGCGCTGAAGGACAAGTACCCTGACATGAAGACAAACATCGCCGTGGGC
R R FV AL KD KYPDMIKTNTT AVG

430 440 450 460 470 480
GGCTGGGCCGAGGGCGGAAGGAAGTACTCGCAGATGGTGATGGTGCCCGAAAGGAGGGCG
G WAEGGRIKY SQMV MV P ER R A

490 500 510 520 530 540
TCTTTCATCAGGAGCGTCGTCCAGCTGCTCACCGACTACGGCTTCGACGGGTTGGACTTG
S F I RSV V QL L TDYGFDG L DL

550 560 570 580 590 600

GACTGGGAATACCCTGGCGCCACAGACCGAGGAGGCCAATATGCCGATAAGGACAACTTC
b weEYPGATU D RS GG G QY A DK DN F

610 620 630 640 650 660
CTTAAACTGGTGCAGGAGCTGCGCGAAGCCTTCGACACCGTGGGGCTGGGCTGGGAAATC
L K L VQELREAFDTUVGL G WE I
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670 680 690 700 710 720
ACGTGCGCCGTGCCCGTGGCCAAGTTCCGCCTGCAGGAGGGCTACCATGTGCCTCAGCTC
T C AV PV A KFIRULQEGYHV P QL

730 740 750 760 770 780
TGCAGCCTGCTGGACGCCATCCACCTGATGACGTACGACCTGCGGGGCAACTGGGTCGGC
c s L L DAI HLWMTYDULI RS GNWVSG

790 800 810 820 830 840
TTCGCGGACGTGCACTCCATGCTGTACACTCGGCCCGGACTGGACGAGTGGGCCTACGAG
FADVHSMLYTRPGL DEWAYE

850 860 870 880 890 900
AAGCTGAACGTGAACGACGGCGCTCTCCTGTGGGTGGAATTCGGGTGTCCGCGTGATAAG
K L NV NDGALIULWVETFSGT CUPR DK

910 920 930 940 950 960
TTGGTGGTCGGGACGCCATTCTACGGGCGCACCTACACGCTGGGTGACCCCACCAACAAC
L vv 6 TPFY GRTY TULGUDP TNN

970 980 990 1000 1010 1020
GGCCTGCACGCGCCCATCAAGAAGTGGGAGGGAGGCGGCAAGCCCGGCCCTTATACCAAC
G L HAPI K KWEGGGK P G P Y TN

1030 1040 1050 1060 1070 1080
GCCACCGGCACTATGGCTTACTTCGAGATCTGCCTCATGATGAAGGAGGACTCCGAGTGG
AT 6 TMAY F E I C L MM K E D S E W

1090 1100 1110 1120 1130 1140

GTCGATCGCTACGATGACGTCGGCCTCGTCCCATTCACGCACAAAGGCGACCAGTGGGTG
v bR Y DDV GL V P FTWHIKGUDQWV

1150 1160 1170 1180 1190 1200
GGCTACGAGGACCCTGACAGTCTCAAGATCAAGATGGACTTCATCCGCGAGCAGGGCTAC
G Y EDUPUDSL K ILKMDEFET REQGY

1210 1220 1230 1240 1250 1260
CTCGGCGCCATGACCTGGGCCATCGACCAGGACGACTTCCGGAACTGGTGTGGAAGGGGA
L GAMTWATIL D QDD FRNMWTCG R G

1270 1280 1290 1300 1310 1320

CAGAACCCGATGATGAACACCATTTACGATGGCATGAAGGACTACGTAGTGCCTGTTGCT
Q NP MMNTILI Y DGMIKDY VV P V A
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1330 1340 1350 1360 1370 1380
CCCACTCTTCCTCCAACCACAACAAGCCCCTGGTGGGCCCCACCAACTACTACTACCACA
p T L PP TTTSPWWAPZPTTTTT

1390 1400 1410 1420 1430 1440
ACACGGGACCCCAGCATCACCACGACCACGAGAGATCCCAACTTGCCGACCACAACTATG
T R DP S 1 T TTTWRIDWPNILWPTTTM

1450 1460 1470 1480 1490 1500
GGGCCTATTGACTGTACTGTGCAAGAATACTGGCCGCATCCGGACTGTGACAAGTACTAC
G P 1 DCTWVQEYWPH P DCDK Y'Y

1510 1520 1530 1540 1550 1560
TGGTGCTTCGAAGGCATACCCCACCTGGAGTACTGCCCCGCTGGCACCGTGTGGAACCAG
w C¢FEGI1 P HLEYCPAGTV WNQ

1570 1580 1590 1600 1610 1620

GCTATCAAGGCGTGCGACTGGCCGGCCAACGTGGACACCTCCGGCTGCAACATGCCCTCG
Aol K ACDWWPANWVIDTSGCNWMP S

1630 1640 1650 1660 1670 1680
CTCTCGAAAGACGCCAGCCAGCGGCCCCTCCACAACACTATCCCTCTCAACGTCCGAACC
L S K DASQWR®P L HNT I P L NVRT

1690 1700 1710 1720 1730 1740
GAGGGGACCCCGCACTCGGGCAAGGCGCCAAAGGTTCCTCTTAACTTGATTTCCAAGAAG
E 6 T P HS G KAP KV P L N1 I S KK

1750 1760 1770 1780 1790 1800
GCAGCCCCGGCGAAGTCTTTACCTGCGAAGTCAGTTGATGCTAAATTAGTTCACAATAAT
AAAP A K SLPAKSVDAIKILV HNN

1810 1820 1830 1840 1850 1860
GCACCGCCTGCTAAACCAGCACATGCTAAGCCTCTTCATGCTAAACCAGTTCGTGCTAAG
AP P A K P AHAK®PLUHAI KPPV R A K

1870 1880 1890 1900 1910 1920
CCAGCACCGGTAAAGCCACTTCATACTAAAGCAATTCATGCTATGCCAGCACAGGTAAAG
P APV KWPLHTIKAIHAMPAZ QVK

1930 1940 1950 1960 1970 1980

TCAGCTCATACTAAACCACAAGCGGCTAACCTAGAACCTTCCAAACCAGAACCGTCGAAC
S AAHTIKWPQAANWLIEWPSK P E P SN
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1990 2000 2010 2020 2030 2040
CCAAAACTTTCCAAGTCAGAGCCTGCTAAGTCAGTACCACCACTGCTAATGAAGATGGTA
P KL SK SEPAKSVPPLLMKMYV

2050 2060 2070 2080 2090 2100
AAGAACTAAAGTGTACCATTGAGCGGCCGCTTTTTTCCTTAATCACTAGTGAATTCGCGG
K N *

2110 2120 2130 2140 2150
CCGCCTGCAGGTCGACCATATGGAGAGCTCCCAANCGCGTGATCAATGGGG

Figure 3.15 Nucleotide sequence and deduced amino acid sequence of Chitinase
(ChiHp74) isolated from hepatopancreas mRNA of Penaeus monodon
and deduced amino acid sequence. The open reading frame (ORF) of
1995 bp encodes a polypeptide of 665 amino acid residues. The
underline letters are shown nucleotide primers. The asterisk

represented a stop codon.
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To express this new recombinant plasmid, the pET-17b-ChiHP74 was
transformed into E.coli both Rosetta(DE3)pLysS and BL21 strains by the same
methods of Chi-HP expression. The result showed that both Rosetta(DE3)pLysS and
BL21 host cells shown no expression (Figure 3.16 and Figure 3.17).
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Figure 3.16 SDS-PAGE of the crude enzyme preparation of the pET-ChiHP74-
transformed E. coli Rosetta(DE3)pLysS. Lane M is the protein marker,
Lane 1 is the un-induced pET-17b transformant, Lane 2 is the induced
pET-17b transformant, Lane 3 is the un-induced pET-17b-Chi-HP
transformant, and Lane 4 is the induced pET-17b-Chi-HP

transformant.
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SDS-PAGE of the crude enzyme preparation of the pET-ChiHP74-
transformed E. coli BL21(DE3). Lane M is the protein marker, Lane 1

is the un-induced pET-17b transformant, Lane 2 is the induced

pET-17b transformant, Lane 3 is the un-induced pET-17b-Chi-HP

transformant, and Lane 4
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Also, the expected band should be visualized at the size of 74.26 KDa based
on deduced amino acid sequence. From the result of SDS-PAGE, there was no
different intensity of the target band between un-induced and induced pET-17b-
ChiHP74 transformant. This was concordant with the result from chitinase activity
staining (data not shown).

From the undetectable level of expression results of both Chi-HP and

ChiHP74 full-lengths, several domains were considered to be separately cloned for
monitoring the activity of chitinase. The catalytic domain was one chosen to be
cloned into pET-17b. To obtain the catalytic-domain fragment, firstly, a new reverse
primer was redesigned to prime within the catalytic domain region. This new primer
named RCatD added with stop codon and BamHI restriction site at the 5” end was
primed at the site of +1284 based on PmChil DNA sequence. The RCatD primer has
a sequence as
RCatD: 5° CGGGATCCCTAAAGAGTGGGAGC3’
To generate the catalytic-domain fragment, the forward primer, Hpforl, and the
reverse primer, RCatD, were used in amplification of cDNA. The amplification
reaction was separated on 0.8% agarose gel; the prominent PCR product size of 1.27
kb was observed (Figure 3.18). This band was eluted and purified from the gel as the
same method. The purified fragment was digested with Ndel and BamHI restriction
enzymes for overnight. The digestion reaction was separated on 0.8% agarose gel, and
eluted and purified from the gel. The digested fragment was subjected to ligate with
pET-17b vector digested with Ndel and BamHI restriction enzymes. When the
recombinant plasmid was transformed into E. coli JM109, cells were grown for
overnight, which were used in plasmid extraction. This plasmid was subjected to
DNA sequencing.  The sequencing result of the catalytic domain shows that this
domain, Chi-CatD, contained the open reading frame (ORF) of 1278 bp encoding a
polypeptide of 426 amino acid residues with a predicted molecular mass of 48 kDa
(Figure 3.19).
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Figure 3.18 Agarose gel electrophoresis of amplified catalytic domain of chitinase
cDNA. The PCR product was separated on 0.8% agarose gel and then

visualized by ethidium bromide staining. Lane M is DNA marker,
Lane 1 is PCR product.



10 20 30 40 50 60
AACGATCTCTANATATTTTGTTTACTTTAGAAGAGATATACATATGGTGAGCGGCCGAGT
MV S G R V

70 80 90 100 110 120
TTTGGCAGTCCTAGTGACGCTTGCAGCATTGGCAACACTAGTGTTGGCTGACCCGAGATT
L AV LV TLAALATTLUVLADPRF

130 140 150 160 170 180
CGAGCAAGAAGGAGCCCAGCGGCGGTGGGTGCGGCCCGAGGGCCAGGCGCGCCGCGTGTG
E Q E GAQRIRWVRPEGUOQAIRRVC

190 200 210 220 230 240
CTACTACGAGGCGTGGGCCATCTACCGGCCCGGCGACGGCTTCTACGACATCGAGGACAT
Y Y E AWAT Y RP GODGF Y D1 E DI

250 260 270 280 290 300
CCCCGCCAACCTGTGCACGGACCTCATCTACTCGTTCATTGGCCTCTCCAACGTCACGTG
P ANLCTODTUL 1Y S F 1 GL S NVTW

310 320 330 340 350 360
GGAAGTGCTCATTCTCGACCCTGAGTACGACATCAACCTGAACGGTTTCCGGCGGTTCGT
E v L I L DPEY DI NLNGFRRF V

370 380 390 400 410 420
GGCGCTGAAGGACAAGTACCCTGACATGAAGACAAACATCGCCGTGGGCGGCTGGGCCGA
AL K DKY PDWMIKTNI AVG G W A E

430 440 450 460 470 480
GGGCGGAAGGAAGTACTCGCAGATGGTGATGGTGCCCGAAAGGAGGGCGTCTTTCATCAG
G GRKY SQMVMVPERRAST FIR

490 500 510 520 530 540
GAGCGTCGTCCAGCTGCTCACCGACTACGGCTTCGACGGGTTGGACTTGGACTGGGAATA
SsvvQVLLTWDYGFDGL DL DWW EY

550 560 570 580 590 600
CCCTGGCGCCACAGACCGAGGAGGCCAATATGCCGATAAGGACAACTTCCTTAAACTGGT
P G A TDIRGGQY ADIKUDNUFULK LV

610 620 630 640 650 660
GCAGGAGCTGCGCGAAGCCTTCGACACCGTGGGGCTGGGCTGGGAAATCACGTGCGCCGT
Q ELREAFDTWVSGLGWETITZCAYV
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670 680 690 700 710 720
GCCCGTGGCCAAGTTCCGCCTGCAGGAGGGCTACCATGTGCCTCAGCTCTGCAGCCTGCT
PV AKX FRLQEGY HV P QL CS L L

730 740 750 760 770 780
GGACGCCATCCACCTGATGACGTACGACCTGCGGGGCAACTGGGTCGGCTTCGCGGACGT
b A1l HLWMTYDULIRGNWVGF ADV

790 800 810 820 830 840
GCACTCCATGCTGTACACTCGGCCCGGACTGGACGCAGTGGGCCTACGAGAAGCTGAACGT
H S ™MLY TRWPGL DEWAYEK L NV

850 860 870 880 890 900
GAACGACGGCGCTCTCCTGTGGGTGGAATTCGGGTGTCCGCGTCGATAAGTTGGTGGTCGG
ND GAL LWV EFGCUPIRDI KLV VG

910 920 930 940 950 960
GACGCCATTCTACGGGCGCACCTACACGCTGGGTGACCCCACCAACAACGGCCTGCACGC
T P F Y GR TY T L G D P TNNGILH A

970 980 990 1000 1010 1020
GCCCATCAAGAAGTGGGAGGGAGGCGGCAAGCCCGGCCCTTATACCAACGCCACCGGCAC
P 1 K K WEGGGK P GPYTNATGT

1030 1040 1050 1060 1070 1080
TATGGCTTACTTCGAGATCTGCCTCATGATGCGAAGGAGGACTCCCAGTGGGTCGATCGCTA
MmAY FE I C L M MK E DS EWVDR'Y

1090 1100 1110 1120 1130 1140

CGATGACGTCGGCCTCGTCCCATTCACGCACAAAGGCGACCAGTGGGTGGGCTACGAGGA
b bv 6L VP FTHIKGDQWV G Y E D

1150 1160 1170 1180 1190 1200
CCCTGACAGTCTCAAGATCAAGATGGACTTCATCCGCGAGCAGGGCTACCTCGGCGCTAT
p D S L K I K M D F I.R E Q.G Y L G A M

1210 1220 1230 1240 1250 1260
GACCTGGGCCATCGACCAGGACGACTTCCGGAACTGGTGTGGAAGGGGACAGAACCCGAT
T wW A1 DQDDIFRNWTCGRGQNP M

1270 1280 1290 1300 1310 1320

GATGAACACCATTTACGATGGCATGAAGGACTACGTAGTGCCTGTTGCTCCCACTCTTTA
M N T I1T Y D GMIKDY VV PV APTL *
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1330 1340 1350 1360 1370 1380
GGGATCCCTTTTTTCCTTAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATG

1390 1400 1410
GAGAGCTCCCAANCGCGTGATCAATGGGG

Figure 3.19 The nucleotide sequence and deduced amino acid sequence of catalytic
domain of chitinase (Chi-CatD) isolated from hepatopancreas of
P. monodon. The open reading frame (ORF) of 1278 bp encodes a
polypeptide of 426 amino acid residues. The underline letters are

shown oligonucleotide primers. The asterisk represented a stop codon.



90

After the exact fragment of catalytic domain was confirmed by sequencing,
the recombinant plasmid, pET17b-Chi-CatD, was transformed into E. coli BL21
(DE3) cell in order to express the protein as the same methods of Chi-HP expression.
In the SDS-PAGE result, we found that the expected chitinase band was not detected
where the expected size is based on deduce amino acid sequence (Figure 3.20).
Surprisingly, the chitinase activity was detectable at 300 mU/ml crude enzyme (the
unit of enzyme activity was defined as the amount of the enzyme capable to liberate 1

pumole of either N-acetylglucosamine or D-glucosamine per hour).
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Figure 3.20 SDS-PAGE of the crude enzyme preparation of the pET-Chi-CatD-
transformed E. coli BL21(DE3). Lane M is protein marker, Lane 1 is
cell pellet of E. coli carried pET-17b, Lane 2 is cell pellet of E. coli
carried pET-17b-ChiCatD for 0 h, Lane 3 is cell pellet of E. coli
carried pET17b-ChiCatD for 1 h, Lane 4 is cell pellet of E. coli carried
pET17b-ChiCatD for 2 h, Lane 5 is cell pellet of E. coli carried
pET17b-ChiCatD for 3 h, Lane 6 is cell pellet of E. coli carried
pET17b-ChiCatD for 4 h, and Lane 7 is cell pellet of E. coli carried
pET17b-ChiCatD for overnight.
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3.5 Characterization of chitinase

After the chitinase activity was monitored from an expression of pET-17b-
Chi-CatD in BL21 host cells, the cells were cultured for a large scale production.
Total cells were harvested by centrifugation and then broken by sonication. The crude
enzyme was assayed by colorimetric method.

3.5.1 Optimum temperature of chitinase

To determine the optimum temperature of Chi-CatD, the chitinase activity was
examined at several temperatures ranged from 20 °C to 90 °C. The 200 pl of crude
enzyme was incubated with assay reaction composed of 75 ul of 0.1M phosphate
buffer pH 7.0, 75 ul of 5% of beta-chitin, and 400 ul of distilled water, for 10 min.
After incubation, chitinase activity was detected by measuring the amount of apparent
reducing sugar using colorimetric method. The result shows the maximum chitinase
activity was found at 60 °C, suggesting that this temperature is an optimal condition

for crude chitinase as shown in Figure 3.21.
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Effect of temperature on chitinase activity expressed from pET-17b-
Chi-CatD. Crude enzyme was incubated at 20 =90 °C in 0.1 M
phosphate buffer pH 7.0 for 1 hour, when beta-chitin was used as a

substrate.
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3.5.2 Optimum pH of chitinase

To determine the optimum pH of Chi-CatD, the chitinase activity was
examined at several pH ranged from 2.6 — 10 at 37 °C by using the universal buffer.
The 200 pl of crude enzyme was incubated with assay reaction composed of 75 ul of
0.1M phosphate buffer pH 7.0, 75 ul of 5% of beta-chitin, and 400 pl of distilled
water for 10 min. After incubation, chitinase activity was detected by measuring the
amount of apparent reducing sugar using colorimetric method. The result shows that
the crude chitinase has two ranges of optimum pH, acidic and basic ranges. The
optimum pH of acidic range was pH 4.0. While, the optimum pH of basic range was
pH 7-8 (Figure 3.22)
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Figure 3.22  Effect of pH on chitinase activity expressed from pET-17b-Chi-CatD.
Crude enzyme was incubated at several values of pH for 1 hour, using

beta-chitin as a substrate.
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3.5.3 Substrate specificity

To determine the substrate specificity of Chi-CatD, the chitinase activity was
tested at pH4 and 60 °C. The 200 pl of crude enzyme was incubated with the assay
reaction composed of 75 ul of 0.1M phosphate buffer, 250 ul of several types of
substrate, 25 ul 1.0 mg/ml colloidal chitin, and 75 pl 1.0 mg/ml B-chitin, adjust to a
final volume of 750 pl with distilled water, for 10 min. Several types of substrate are
0.1 mg/ml partially N- acetyl chitin (PNAC), 1.0 mg/ml regenerated chitin, 0.1 mg/mi
75% DD of chitosan, and 0.1 mg/ml 100% DD. After incubation, chitinase activity
was detected by measuring the amount of apparent reducing sugar colorimetric
method. The result shows several types of substrates were degraded by chitinase from
Chi-CatD; however, beta- chitin is the best substrate for Chi-CatD (Figure 3.23).
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Figure 3.23  Effect of substrate on chitinase activity expressed from pET-17b-Chi-
CatD. Crude enzyme was incubated at 60 °C in 0.1 M phosphate buffer
pH 4.0 for 1 hour.
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3.5.4 Determination of hydrolytic products

To determine the products hydrolyzed by Chi-CatD, HPLC and TLC methods
were performed. The chitinase activity was examined at pH 4.0 and pH 7.0. At each
value of pH, the reaction was incubated at 37 °C and 60 °C for overnight. For TLC
method, The 500 ul of crude enzyme was incubated with the assay reaction composed
of 100 pl of either 0.1M phosphate buffer pH 7.0 or universal buffer pH 4.0, 150 ul of
5% of beta-chitin, and 350 ul of distilled water. After the reaction was incubated for
overnight, the pellet remaining in the completely hydrolyzed reaction was removed by
centrifugation. The supernatant was collected and dried by vacuum centrifugation,
subsequently, resuspended with 10 ul of de-ionized water and then spotted on siliga
gel for thin layer chromatography (TLC). The result shows the product produced by
the crude chitinase is disaccharide as shown in Figure 3.24. For HPLC method, the
hydrolytic product of crude chitinase was incubated under the same conditions of
TLC method. The hydrolysate was harvested by centrifugation. The 0.3 ml of a
supernatant was mixed with 0.7 ml of acetonitrile, and filtrated through a 0.45 micron
filter. The results showed the products similar to those determined by TLC method
(Figure 3.25 A-F).
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Figure 3.25 The hydrolytic product of Chi-CatD was determined by HPLC method.
Crude enzyme was incubated at 37 and 60 °C in pH 4 and pH7 for

overnight, when beta-chitin was used as a substrate as shown in A-F
3.6 Recombinant expression of chitinase gene in the Pichia pastoris

expression system
3.6.1 Amplification of cDNA encoding chitinase

A chitinase gene was amplified from cDNA by using specific primers. For
construction an expression cassette, the designs of forward and reverse primers were
performed. In addition to the convenience of cloning, a Mfel site was added to 5’-end
of forward PCR primers. Besides, a Notl site was added to 3’-end of reverse primer.
Primer sequences were:

NHPyfor : 5’GCGCAATTGATGGTGAGCGGCCGAGTT3’
NHPyRewll: 5’AAGGAAAAAAGCGGCCGCTCAATGGTACACTTT
AGTTC3’

These primers were used to amplify the chitinase gene in order to in-frame
into the Pichia expression vector pPIC9K and transformed to E. coli XL-10 GOLD
cells.

The PCR amplification was performed as following: denaturation at 94 °C for
5 minute, 25 cycles of denaturation at 94 °C for 30 second, annealing at 55 °C for 30
second, extension at 72 °C for 4 minute. The final elongation step was performed at
72 °C for 10 minute. The result shows the prominent PCR product of chitinase gene

which approximate size was 2 kb as shown in Figure 3.26.
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Figure 3.26  Agarose gel electrophoresis of amplified chitinase cDNA. The PCR
product was separated on 0.8% agarose gel and then visualized by
ethidium bromide staining. Lane M is DNA marker and Lane 1 is PCR

product.
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3.6.1 Construction of recombinant plasmid pGEM-T easy vector with
chitinase gene

The PCR product from a previous step was purified and ligated into

pGEM-T easy vector. The ligated reaction was transformed into E. coli XL-10 GOLD
cells. The recombinant clone was selected on LB agar plate containing ampicillin,
IPTG, and X-Gal. The white colonies were randomly selected and cultured in LB
broth containing ampicillin for overnight. After incubation, the cultures were
subjected to plasmid extraction and digested with Mfel and Notl restriction enzymes.
Subsequently, theses reactions were analyzed on 0.8% agarose gel electrophoresis.
This result showed the recombinant plasmid contained chitinase gene which
approximate size was 1.95 kb. In the next step, inserted DNA was purified from the

agarose gel for further ligation into pPIC9K.

3.6.3 Construction of recombinant plasmid pPIC9K vector with
chitinase gene
This  chitinase gene was eluted from 0.8% agarose gel by using
Qiaquick Gel Extraction Kit (Qiagen, Germany). Afterwards, the samples were
ligated into pPIC9K expression vector at the ECoRI and Notl sites. The recombinant
plasmids were transformed- into E. coli XL-10 GOLD cells. Then, the recombinant
clone was selected on LB agar plate containing ampicillin. The selected plasmids
were extracted and digested with Pvull restriction enzymes to ‘confirm the exact
inserted gene. The reaction was analyzed on 0.8% agarose gel electropharesis (Figure
3.27). These results indicated that the constructing gene contained chitinase gene in
pPICIK, revealed three bands: 6.5, 2.9, and 1.7 kb in lane 3 which were observed
after digested with Pvull restriction enzymes. The recombinant plasmid which carried
chitinase gene was called pPIC9K-ChiHP74. In the next step, pPICI9K-ChiHP74 was
linearized by digested with restriction enzyme Sacl (Figure 3.28) for transforming
into Pichia pastoris. The 250 ul of cell suspension was spreaded on the YPD agar

plates and incubated at 30 °C until colonies appear. After incubation, colonies were
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subsequently screened for G418 resistance at a final concentration of 0.25, 0.5, 0.75,
1, and 1.5 mg/ml G418. The result shows P. pastoris can grow on YPD plate
containing 1.5 mg/ml G418. The colony PCR was used to confirm the target DNA
that had recombined into the chromosomes of recombinant yeast before use in protein
expression. The resulting PCR product was run on 1% agarose gel to determine
whether the DNA fragment was successfully amplified. In the PCR reaction, yeast
genomic DNA was used as a template and 5’A0X and a-factor were used as primers.
The first step to extract yeast genomic DNA, a single colony was picked and
resuspended in 10 ul of water. Then add 5 ul of a 5 U/ ul solution of lyticase and
incubate at 30 °C for 10 minute and freeze the sample at -80 °C for 10 minute. The
amplification reaction was described in section 2.8.2.1.5. The result shows the PCR
product of P. pastoris carrying pPIC9K-ChiHP74 was not observed as shown in
Figure 3.29.
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Figure 3.27 Agarose gel electrophoresis of the constructing chitinase gene in
pPICOK (pPIC9K-Chi-HP74) separated on 0.8% agarose gel and then
visualized by ethidium bromide staining. Lane M is the DNA marker,
Lane 1 is pPIC9K-Chi-HP74, and Lane 2 is pPIC9K-Chi-HP74
digested with Pvull restriction enzymes shown three band: 6.5, 2.9,
and 1.7 kb
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Figure 3.28 Agarose gel electrophoresis of pPICOK and pPIC9K-Chi-HP74
digested with Sacl. The digestion reaction was separated on 0.8%
agarose gel and then visualized by ethidium bromide staining.

Lane M is DNA marker, Lane 1 is pPIC9K/Sacl, and Lane 2 is
pPICOK-Chi-HP74/Pvull
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Figure 3.29 Agarose gel electrophoresis of colony PCR-of P. pastoris carried

pPIC9K-ChiHP74. The PCR product was separated -on 0.8% agarose
gel and then visualized by ethidium bromide staining. Lane M is the
DNA marker, Lane 1 is PCR product of P. pastoris carried pPIC9K,
and Lane 2-13 is PCR product of P. pastoris carried pPIC9K-
ChiHP74.
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3.6.4 Expression of recombinant yeasts
The P. pastoris carrying pPIC9K-ChiHP74 was cultured in BMMY
medium and induced with absolute methanol at the final concentration of 0.5% (v/v)
in every 24 hour. One milliliter of the expression culture was harvested everyday for 7
days interval. After that the express protein was analyzed as the same methods of
Chi-HP expression but staining with silver stain. In the SDS-PAGE result, we found
that the expected chitinase band was not detected where the expected size is based on

deduce amino acid sequence as shown in Figure 3.30.
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Figure 3.30 SDS-PAGE of the crude enzyme preparation of the pPIC9K-ChiHP74
transformed P. pastoris and induce with 0.5 % methanol. Lane M is
the protein marker, Lane 1 is P. pastoris carried pPIC9K, Lane 2 is
P. pastoris carried pPIC9K-ChiHP74 at o h, Lane 3 is P. pastoris
carried pPIC9K-ChiHP74 at 1 day, Lane 4 is P. pastoris carried
pPIC9K-ChiHP74 at 2 day, Lane 5 is P. pastoris carried pPIC9K-
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ChiHP74 at 3 day, Lane 6 is P. pastoris carried pPIC9K-ChiHP74 at 4
day, Lane 3 is P. pastoris carried pPIC9K-ChiHP74 at 5 day.

3.7 The comparison of ChiHP76 with other chitinase genes

Based on previous finding, Chitinase are classified into three different
arrangements of domains and hydrolytic products. ChitinaseA from Serratia
marcescens, ChiA, comprises the catalytic domain (CatD) and N-terminal domain at
C-terminal and N-terminal, respectively. The hydrolytic products of ChiA are di-
saccharide [(GIcNACc),]. The chitinaseB from Serratia marcescens, ChiB, comprises
the catalytic domain (CatD) and chitin binding domain (ChBD). The hydrolytic
products of ChiB are tri-saccharide [(GIcNAC);]. Besides, ChitinaseAl from Bacillus
circulan WL-21 comprises the catalytic domain (CatD), two fibronectin type I11-like
domains, and C-terminal chitin-binding domain (ChBD). Furthermore, ChiAl was
already known the structure and the necessary amino acids. To align the sequence,
amino acids sequence of ChiA from Bacillus circulan WL-21 and interested chitinase
from hepatopancreas of Penaeus monodon (ChiHP74) were compared together. The
results reveal the same located amino acids which ChiA consists of Y56, W53, W433,
W164, W134, W284, Y279, and E204. Additionally, ChiHP74 consists of Y56, W53,
W433, W164, Y134, W284, Y279, and E204 (Figure 3.25). These amino acids are

important for the role of hydrolyzing activity of chitinase.
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chiHP74 --MVSGRVLAVLVTLAALATLVLADPRFEQEGAQRRWVRPEGQARRVCYYEAWAIYRPGD 58
chiAl MINLNKHTAFKKTAKFFLGLSLLLSVIVPSFALQPATAEAADSYKIVGYYPSWAAYGRN— 59
o, o, -: . -* . . . I . :*** -***
chiHP74 GFYDIEDIPANLCTDLIYSFIGLSN-———=——=——————— VTWEVLILDP-—-——-—————- 93
chiAl —--YNVADIDPTKVTHINYAFAD I CWNG IHGNPDPSGPNPVTWTCQNEKSQT INVPNGTIV 117
*:: *x . *-: *:* _:- *kk .
chiHP74 = EYDINLNG-FRRFVALKDKYPDMKTNIAVGGWAEGGRKYSQMVMV 137
chiAl LGDPWIDTGKTFAGDTWDQPIAGNINQLNKLKQTNPNLKTIISVGGWTWSNR FSDVAAT 176
% e --:: **-_ *--** * ****- . * -*::- .
chiHP74 PERRASFIRSVVQLLTDYGFDGLDLDWEYPGATDRGG---QYADKDNFLKLVQELREAFD 194
chiAl AATREVFANSAVDFLRKYNFDGVDLDWEYPVSGGLDGNSKRPEDKQNYTLLLSKIREKLD 236
* * *--* * *** E R e o : ~ : ** *- *:-:-** -*
chiHP74 TVGLGWEITCAVPVAK---FRLQEGYHVPQLCSLLDATHLMTYDLRGNWVGFADVHSMLY 251
chiAl AAGAVDGKKYLLTIASGASATYAANTELAKIAAIVDWINIMTYDFNGAWQKISAHNAPLN 296
IL* A & L SEREREN SRR TSRk - ok ok oo ook
chiHP74 TRPGLDEWAY - --EKLNVNDGALLWVEFGCPRDKLVVGTPFYGRTYTLGDPTNNGLHAPI 308
chiAl YDPAASAAGVPDANTFNVAAGAQGHLDAGVPAAKLVLGVPFYGRGWDGCAQAGN———GQY 353
2 o 4 E .3 -k *k --** *********- -
chiHP74 KKWEGGGKPGPYTNATGTMAYFE I CLMMKEDSEWVDRYDDVGLVPFTHKGD--QWVGYED 366
chiAl QTCTGGSSVG——TWEAGSFDFYDLEANYINKNGYTRYWNDTAKVPYLYNASNKRFISYDD 411
Pt oA e Hk- - - - .- k%
chiHP74 PDSLKIKMDFIREQGYLGAMTWA IDQDDFRNWCGRGQNPMMNT 1YDGMKDYVVPVAPTLP 426
chiAl AESVGYKTAYIKSKGLGGAMFWELSGDRNKTLQNKLKADLP———TGGTVPPVDTTAPSVP 468
* -*---* **x*x K :- = 4 - E : . * . **--*
chiHP74 PTTTSPWWTPPNNTTTTRDPSITTTTRDPNLPTTTMGP IDCTVQEYWPHPDCDKYYWCFE 486
chiAl GNARSTGVTANSVTLAWNASTDNVGVTGYNVYNGANLATSVTGTTATISGLTAGTSYTFT 528
* - * - - %
chiHP74 GIPHLEYCPAGTVWNQA I KACDWPANVDTSGCNMPSLSKDASQRPLHNT IPLNVRTKGTP 546
chiAl IKAKDAAGNLSAASNAVTVSTTAQPGGDTQAPTAPTNLASTAQTTSSITLSWTASTDNVG 588
- -k
chiHP74 HSGKAPKVPLNL I SKKAAPAKSLPAKSVDAKLVHNNAPPAKPAHAKPLHAKPVRAKPAPY 606
chiAl VTGYDVYNGTALATTVTGTTATISGLAADTSYTFT VKAKDAAGNVSAASNAVSVKTA-- 645
-% * - - K- * L
chiHP74 KPLHTKATHAMPAQVKSAHTKPQAANLESSKPEPSNPKLSKSEPVKSVPPLLMKMVKN 664
chiAl ——AETTNPGVSAWQVNTAYTAGQLVTYNGKTYKCLQPHTSLAGWEPSNVPALWQLQ—— 699
**--* * -*- * - * * - -

Figure 3.31 An alignment of ChiHp74 amino acid sequence compared with ChiAl
amino acid sequence. The amino acids that are important to the role of

hydrolyzing activity of chitinase were shown in red letter.



CHAPTER IV
DISCUSSION

Three putative chitinase genes were obtained from a total of 10,100 EST
sequences in Penaeus monodon EST database: two from a hemocyte library and
another from a hepatopancreas library. Afier these sequences were reconfirmed by
alignment with BLASTN program, the results show all sequences are similar to
chitinase gene. Two clones found in the hemocyte library were similar to chitinase
precursor of beetroot Beta vulgaris. The reason that two clone were not further
characterized is because of low similarity when they were blast against the NCBI
database. Also, chitinase clone found in the hepatopancreas library, named HPa0029,
shows 87% homology to the Penaeus monodon chitinase 1, named PmChi-1. Thus,
this clone, Hpa0029, was selected for study in all experiments.

Several studies reported about known gene in its database, Pan, D. et al.
(2005) found that 3 chitinase clones from a total of 400 clones were found in the
hepatopancreas cDNA library of WSSV-resistant shrimp Penaeus japonicus by
suppression subtractive hybridization accounting for 0.75%. Compared to this study,
we found only 3 clones from a total of 10,100 EST clones representing for 0.03%.
This result indicated that chitinase gene from P. japonicus was expressed more
twenty-five times more than that of P. monodon. However, the total clone from P.
japonicus EST library resulted from a probe hybridization which is not like in P.
monodon that the total clones were randomly sequenced. This result was concordant
that both P. japonicus and P. monodon EST database show the ratio of chitinase clone
at very low rate which is less than 1%.

In a previous study, chitinaseAl gene, PmChi-1, isolated from the
hepatopancreas library encodes a 621- amino acid protein possessing the functional
domains of the chitinase protein family. The similarity of a product encoded from this
gene is 81.8% identical to a chitinasel protein expressed in the hepatopancreas of
Penaeus japonicus (Pj-chil). The result indicated that chitinase gene of the study,

Hpa0029, was also a homologue of Pj-chil also. An analysis by reverse transcription-
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polymerase chain reaction (RT-PCR) indicates that PmChi-1 messenger RNA is
detectable in the hepatopancreas and the gut. (Siok H. T. et al., 2000). Furthermore,
PmChi-1 activity increases during molting cycle, suggesting that hepatopancreas
expressing chitinase was involved in the degradation of endogenous chitin in the gut
peritrophic membrane prior to molting (Siok H. T. et al., 2000), however, the
characterization of PmChi-1 has been unknown.

In this study, chitinase isolated from the hepatopancreas cDNA library of P.
monodon was clone into expression vector, pET-17b, for further expression and
characterization. This gene was amplified with PCR wusing designed primers
incorporated with restriction enzyme sites at their 5’ ends for convenience in cloning
this gene to the expression vector. With two different restriction sites incorporated,
the gene could be cloned directionally into the vector. For some reason, the restriction
digested PCR product could not be cloned directly into the pET-17b expression
vector. Thus, the PCR product was first cloned into pGEM-T easy vector and then
subcloned into the pET-17b. This recombinant plasmid was named Chi-HP.
Subsequently, Chi-HP was sequenced and expressed.

The sequence alignment of ChiHP and PmChil indicated that Chi-HP has one
added adenine base causing frame shift at downstream of gene resulting in loss stop
codon which differed from PmChi-1 sequence. For this reason, Chi-HP could not
been expressed in E. coli expression host or expressed incorrectly. The new location
of reverse primer that can bind to a DNA template was redesigned for finding the
exact stop codon of Chi-HP gene at 3’ terminus.. After that the PCR product was
cloned using the same method of Chi-HP and sequenced. The sequence of this
recombinant plasmid has the stop codon and was called ChiHP74.

ChiHP74 transformant was cultured and induced with IPTG in order to
produce the expecting protein, chitinase. The supernatant and cell pellet were assayed
for chitinase activity and analyzed by electrophoresis on a 10% SDS-PAGE. The
chitinase activity and the approximate 74 kDa protein were not detected after
induction for 20 hours in the both supernatant and cell pellet. This may be due to the
fact that the sequence of ChiHP74 showed a tachycitin like domain. Tachycitin is an
invertebrate Cys-rich chitin binding protein with antimicrobial activity against both

fungi and bacteria. Suetake et al. (2002) found that tachycitin from horseshoe crab
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Tachypleus tridentatus has 10 cystein residues which form 5 disulfide bridges. This
effect made inclusion bodies in E. coli; however, they found chitinase activity after
denatured and refolded this protein. In contrast to this study, ChiHP74 has 6 cystein
residues which form 3 disulfide bridges. The harvested cells and supernatant were
subjected to determine the chitinase activity. The result shows chitinase activity is not
expressed in both fractions expecting that the inclusion bodies may occur within the
cells. Thus, the cells and the supernatant of culture were run on 10% SDS-PAGE, the
band of chitinase was not found, compared with negative control. The result indicated
the inclusion bodies was not observed within the host, thus this enzyme may express
in a soluble form. Tachyeitin from horseshoe crab expressed in inclusion body form
can be denatured and refolded successfully. This may be resulted from a small
molecular size of 8.5 KDa, while ChiHP74 has a size of 74 KDa which hard to refold
in an actual structure containing chitinase activity. From a negative result of SDS-
PAGE, this occurrence may be caused that the picked colony grown on ampicillin
plate has not contained the chitinase activity, but, in contrast, the colony which
contained chitinase activity can not grow on ampicillin plate since the chitinase may
harm to the host cell. Several studies reported that protein containing cystein-rich
domain expressed antimicrobial activity. Chiou, T.T. et al. (2005) found that a
synthetic penaeidin-like antimicrobial peptide (AMP) from P. monodon consisting of
a proline rich domain and 6 cystein-rich residues contains microbial activity. Also in
penaeidin-3 from Litopenaeus vannamei, Yang, Y. et al. (2003) reported that this
protein expressed in Saccharomyces cerevisiae showed similar antimicrobial activity.
Penaeidin-3 from L. vannamei displays a proline-rich domain stabilized by three
conserved disulfide bonds whose arrangement has not been characterized. Penaeidin
isolated from hemolymph of P. vannamei shows antimicrobial activity against fungi
and bacteria. After the mature molecule characterized, the molecule composes of
proline-rich domain and disulfide bridge (Destoumieux, D. et al, 1997). Interestingly,
Ahmad, T. et al. (2003) attemped to express the chitinase from Helicoverpa armigera
comprised peritrophin chitin binding region at C-terminus which contains six
conserved cysteins in E. coli expression system. They found that the specific activity
of chitinase was very low as compared to those of the insect cell expressed and the
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native molting fluid chitinase. Hence, whether ChiHP74 was expressed in insect cell
expression system may show the chitinase activity.

From no expression of ChiHP74 in expression host, only was the catalytic
domain, CatD, cloned and observed for chitinase expression. The recombinant
plasmid pET17b-Chi-CatD was introduced into Rosetta(DE3)pLysS, BL 21 (DE3),
and BL21(DE3) pLys expression host. After 1 ml of culture was plated on a solid
medium for overnight, Rosetta(DE3)pLysS and BL21(DE3) pLys expression host
were not found any bacterial colony, but found only a few numbers of colonies in
BL21(DE3). One colony of BL21(DE3) was picked and grown in a large scale for
monitoring the chitinase activity. In induction for expression of protein encoded from
CatD, IPTG was used as a synthetic inducer to open the lac operon. The IPTG was
added to the final concentration of 0.25 and 1 mM, using autoclaved water as a
negative inducer. After overnight incubation, the cells were harvested by
centrifugation. Obviously, the amount of cell in negative control was obtained more
than that of 0.25 and 1 mM, respectively. Contrasted with that previous study,
Nakapong, S. (2004) indicated that chitinase from Bacillus sp. PP8 has the highest
activity by induction with the IPTG final concentration of 1 mM. Unfortunately,
although the chitinase activity of this study was observed in BL21(DE3) cells, the
activity was found at a very low level and this activity was less stable because after
stored within a week, the activity was completely abolished. This result of low
production of chitinase was confirmed by SDS-PAGE. After cells were harvest at
several time intervals, both-supernatant and cell pellet were load on 10% SDS-PAGE.
There is no different intensity of expected band which is a result from low protein
production. Suggest that a gel should be stained with silver staining. It may show the
different intensity of the expected band in several time intervals. By the way,
surprisingly, when pET17b-Chi-CatD was transformed into other strains which are
not expression host such as, JM109, Top10, and DH5a, a large number of colonies
was observed after 10 ul of culture was plated and incubated for over night.
Moreover, when attempted to transform pGEM-Chi-CatD into both those three of
expression host and other non-expression hosts, the results show that many colonies
were grown on medium after overnight incubation. From all experiments on the

expression of CatD gene, this may be based on the fact that protein from CatD may
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have an antimicrobial activity which harms to the expression host cells; however,
nowadays, there is no report concerning chitinase found in P. monodon that has an
antimicrobial activity, but some studies reported that chitinase found in arthropod
involved in nutrient digestion, the partial breakdown of the exoskeleton prior to
molting, and the regulation of physical properties of the peritrophic membrane.
Furthermore, as much as we searched for any experiment about the expression of
chitinase gene found in P. monodon, there are no reports that chitinase gene can be
successfully expressed in E. coli expression system. Several studies were tried to
monitor the chitinase gene (PmChi-1) at transcription level instead. Tan, S.H. (2000)
studied the transcription level of chitinase by reverse transcription. The result shows
that mMRNA of PmChi-1 was transcripted in both the hepatopancreas and the digestive
tract during the molting cycle fluctuates markedly. Unlike in Watanabe, T. (1998),
they found no different level of chitinase PjChi-3 mRNA during molting cycle; they
suggested that PjChi-3 found in hepatopancreas may involve in digestion instead.
However, this study was the first one which can be successfully expressed the partial
chitinase gene in BL21(DE3). Nevertheless, the protein expressed from CatD has not
shown only low activity but instability also.

Protein, Chi-CatD, encoded from CatD gene was partially characterized by the
determination of optimum temperature, optimum pH, substrate specificity, and the
product generated by hydrolysis reaction. Firstly, to determine the optimum
temperature, Chi-CatD has an optimum temperature in the range of 60 °C while
chitinase from B. cepacia has the optimum temperature at 37 °C and 55 °C
(Kattiyawong et al, 2001) which is a result from multiple enzymes with different
optimum temperatures. Despite the fact that the tiger shrimp lived in the sea which
has temperature equaled to its surrounding, Chi-CatD should also have the optimum
temperature equaled to its habitat temperature which ranged around 12-36 °C. This
may be due to the fact that Chi-CatD was expressed from the catalytic domain of
chitinase gene, thus, the conformation at an active site may be differed from the active
site of chitinase expressed from full-length gene resulted in changing the optimum
temperature. Secondly, when determined the optimum pH of Chi-CatD, two optimum
pH values of 4 and 7 were observed suggesting that this protein can work in a wide

range of pH. Like the previous report, Lesya et al (1996) found that chitinase from
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Bacillus licheniformis B-6839 has shown two optimum pH values of 5 and 8 which
use glycol chitin as a substrate. Furthermore, silk worm (Koga et al, 1997) and plant
yam (Tsukamoto et al, 1984) also showed two optimum pH values of 4 and 8-10
toward glycol chitin. Thirdly, in order to assess the specificity of substrate for
chitinase, several types of substrates were evaluated. The result shows beta chitin has
the highest specificity with 100% of relative hydrolytic activity, followed by 75%-
Chitosan, colloidal chitin, partially N-acetyl chitin (PNAC), regenerated chitin, and
100%-Chitosan with 56%, 52%, 34%, 32% and 0% of relative hydrolytic activity,
respectively. These results suggest that the structure of substrate effects on the
binding affinity to enzyme. The structure of beta chitin is crystalline form but not for
other types which indicated that chitinase from P. monodon has more preferred to
hydrolyze the crystalline form of substrate. Moreover, concordant with the previous
report, Watanabe et al (2003) found that chitinaseAl from Bacillus circulans has
more preferred on crystalline chitin than do other types. The amino acids which
important to the role of hydrolyzing activity of chitinase consists of Y56, W53, W433,
W164, W134, W284, Y279, and E204. Interestingly, Y56, W53 are very essential for
crystalline chitin hydrolysis. This report was supported the present results due to there
are the similar amino acid. Furthermore, the hydrolyzing activity against crystalline
beta-chitin and colloidal chitin has been highly reduced when ChiAl was mutated by
site directed mutagenesis at position of Y56, W53. Therefore we also indicated that
Chi-CatD may also possibly hydrolyze the crystalline chitin. However, the activity
against soluble substrate has not. yet been enhanced. Fourthly, to determine the
products catalyzed by Chi-CatD, HPLC and TLC methods were performed. The
chitinase activity was examined at pH 4.0 and pH-7.0. The result shows the products
catalyzed by the crude chitinase at pH 4.0 are disaccharide. Corresponding to other
study, ‘for HPLC method, the hydrolytic product of crude chitinase was incubated
under the same conditions of TLC method. The completely hydrolysis was harvested
by centrifuged. The 0.3 ml of supernatant was mixed with 0.7 ml of acetonitrile, and
filtrated through a 0.45 micron filter. The result showed the products as same as
determine by TLC method (Figure 3.22).

According to the expression experiment, chitinase gene from

hepatopancreas of P. monodon could not be expressed in E. coli system. Therefore,
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we have attempted to further study in other expression systems. Thus, P. pastoris
expression system was chosen for expression the full-length gene. For instance of P.
pastoris expression system, characterization of the recombinant Pisum sativum
defensin 1, a pea defensin which presents four disulfide bridges and high antifungal
activity, was expressed in Pichia pastoris (Cabral, K.M.S. et al. 2003). Chitinase B1
from Aspergillus fumigatus has also been characterized in P. pastoris expression
system (Jaques, A.K. et al. 2003). Furthermore, in order to produce large quantities of
recombinant human chitinase, P. pastoris expression system was used to develop this
process (Goodrick, J.C. et al. 2001). In our study, chitinase gene from hepatopancreas
of P. monodon was cloned into expression vector, pPICI9K into P. pastoris. The
inserted fragment was digested with two types of restriction enzyme, Mfel and Notl;
pPIC9K vector was digested with EcoRIl and Notl. At the cloning site of vector,
SnaBl, Avull, EcoRlI, and Notl restriction sites were located. Also, when considered
the restriction site within the inserted fragment, SnaBl and EcoRI restriction sites
were found, thus SnaBl and EcoRI restriction enzymes were no longer used to digest
this fragment. One way to solve this problem that is, use specific primers added with
Mfel and Notl at each 5’-end of each primer to amplify the inserted fragment. After
amplification, the inserted fragment contained the Mfel and Notl sites at each end.
The expression vector which not contained Mfel site was digested with EcoRI and
Notl restriction enzymes. This result can be explained that Mfel and EcoRlI sites have
the complementary sequences at its protruding end, two restriction site can be ligated
together; recombinant plasmid was successfully-constructed which confirmed by
sequencing.

Normally, selection of yeast containing pPICK9K was performed by selection
on MD plate and followed by YPD plate containing various concentrations of
geneticin. Yeast containing either pPICK9K or pPICK9K-ChiHP74 was grown on
these plates. These can be inferred that pPICK9K and pPICK9K-ChiHP74 had been
transformed into the host successfully. To confirm this result, colony PCR was
performed by using specific primers. The specific primers were designed from two
specific regions: one on pPICK9K vector and another on ChiHP74. Yeast carried
pPICKI9K was successfully amplified with specific primer to the vector when the
expected band was observed. Yeast carrying pPICK9K-ChiHP74 was completely
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failed in amplification with both types of specific primers. Although, the
amplification of pPICK9K-ChiHP74 was failed, yeast carrying this recombinant
plasmid was still grown on YPD medium containing geneticin. The results may be
due to the fact that the inserted fragment, ChiHP74, maybe harm to host cell, and that
yeast carrying pPICK9K-ChiHP74 can grow on selective plate causes host cell may
eliminate the inserted fragment including the region around the cloning sites. The
specific primer that specify to the vector binds closely to region of cloning site, so,
specific primer to the vector can not produce the target band also. These results were
reconfirmed by spreading the wild type yeast on YPD plate containing geneticin.
Surprisingly, there was no any colony of yeast grown on this medium. By the way, if
yeast contains pPICK9K-ChiHP74 within the cell and expression of this gene was
occurred, chitinase may kill the host. There are several lines evidence of indicating
that chitinase may harm the host cell. Mali, et al. (2004) suggested that chitinase from
a hydroid Hydractinia echinata also fulfills a role in host defense, probably against
fungal and nematode pathogens. Moreover, Aguilar-Uscanga, and Francois (2003)
reported that chitin was the composition of yeast cell wall. Chitinase from this study
may affect growth of this organism. Thus, expression of this chitinase gene both full-
length was unsuccessful in prokaryotic and eukaryotic expression system. For further
study on the expression of this gene, other expression systems such as baculovirus and

mammalian cell were suggested for the expression of this gene.



CHAPTER V
CONCUSSION

cDNA Chitinase gene from Hepatopancreas of the black tiger shrimp, Penaeus
monodon was successfully amplified by using specific primers. This gene was cloned
into pET-17B and transformed to E. coli Topl0. The nucleotide sequence has
revealed a 1995 open reading frame encoding 665 amino acids which comprise signal
peptide corresponding to 74 kDa, called ChiHP74. The ChiHP74 sequence showed
high identity compared with PmChi-1 sequence from Penaeus monodon by 98%.

ChiHP74 was expressed in two expression systems: E. coli and yeast
expression systems. In E. coli expression system, ChiHP74 was cloned into pET-17b
in both E. coli Rosetta(DE3)pLysS and BL21(DE3). The result shows that both strains
have shown no activity of chitinase. In yeast expression system, ChiHP74 was cloned
into pPIC9K and transformed to Pichal pastoris. The result above shows no
expression activity.

Based on no expression results of ChiHP74 full-lengths, several domains
were considered to be separately cloned for monitoring the activity of chitinase. A
catalytic domain was the one chosen and cloned into pET-17b. The nucleotide
sequence has revealed a 1278 open reading frame encoding 426 amino acids which
comprises a signal peptide corresponding to 48 kDa, called Chi-CatD.

Chi-CatD was expressed in E. coli Rosetta(DE3)pLysS and BL21(DE3). The
activity of chitinase was found in BL21(DE3) harboring pET-17b-Chi-CatD, when
incubated with shaking at 37-°C, 250 rpm for 20 hour after-induction with 0.25 mM
IPTG. The optimum pH has been shown at pH values of 4 and 7. Besides, the
optimum temperature has been shown at 60 °C. Moreover, B-chitin has been shown to
have highest specificity for Chi-CatD. The major product of this reaction is (GICNAc)

2
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APPENDIX A

Phenol-chloroform precipitation method

The sample was mix with an equal volume of phenol:chloroform:isoamyl
alcohol (25:24:1) and gently mixed. The mixture was centrifuged at 5,000 rpm, 4
°C for 15 minutes. Consequently, two volumes of absolute ethanol were added, mixed
and stored at -20 °C for 30 minutes. The plasmid was collected by centrifugation at
5,000 rpm, 4 °C for 15 minutes and air dried for 10 minutes. The pellet was dissolved

in TE or sterile water.
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APPENDIX B

The A-tail procedure for blunt-end PCR fragments

One to seven microliter of purification PCR fragment, generated by a Pfu
DNA polymerase, was add 1 ul of 10x reaction buffer with Mgcl,, 0.2 mM dNTP, 2U
of Tag DNA polymerase, and deionized water was adjust to final volume 10 pl.

Subsequently, the reaction was incubated at 70 °C for 30 minutes.
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APPENDIX C

Preparation of competent cells

A single colony of E. coli was cultured, acts as a starter, into 2 ml of LB-broth
and incubated at 37 °C with 250 rpm shaking for overnight. The starter was diluted in
500 ml of LB-broth and incubated 37 °C with 250 rpm shaking until the optical
density at 600 nm of the cells reached 0.4-0.6 (~3-4 hours). Consequently, the culture
was chilled on ice for 30 minutes. The pellet was harvested by centrifugation at 5,000
rpm for 15 minutes at 4 °C. Subsequently, the pellet was washed twice with 1 and 0.5
volume of cold sterile ultrapure water, respectively. The pellet were resuspended,
centrifuged at 5,000 rpm for 15 minutes at 4 °C, and washed with 10 ml of cold sterile
10% (v/v) glycerol. The solution mixture was centrifuged. The pellet was resuspended
with 1-2 ml of cold sterile 10% (v/v) glycerol. Finally, the cell suspension was

divided into 40 ul aliquots and stored at -80°C.
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APPENDIX D

Completent cells yeast preparation

A single colony of pichia pastoris KM-71 was cultured and used as the
starter 5 ml in YPD [2% (w/v) peptone, 1% (w/v) bacto yeast and 2% (w/v) glucose]
in a 50 ml conical tube at 30 °C with shaking for overnight. Inoculate 0.1 ml of the
overnight culture in 100 mil of fresh medium used a 1 liter flask. Grow overnight
again to an optical density at 600 nm (ODgq) reached 1.3-1.5. Cells were then chilled
on ice for 15-30 minutes and harvested by centrifugation at 3500 rpm for 5 minutes at
4 °C. The supernatant was removed as much as possible. The cell pellet was washed
by resuspending in 100 ml of cold steriled water, gently mixing and centrifugation.
The pellet was washed further with 50 ml of cold steriled water, followed with 4 ml of

1 M sobitol. In the final step, the pellet was resuspened in 200 ul of 1 M sobitol. This

cell suspension was divided into 80 pl aliquots and stored at -80 °C until used.
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APPENDIX E

Standard curve N-acetyl glucosamine for chitinolytic enzyme assay by
colorimetric method.
Standard curve GIcNAc was made by monitoring the absorbance at 420 nm of

standard concentration GlaNAc according to the Schale’s method.
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APPENDIX F

Silver staining

The gel was submerged for 30 min in 10% acetic acid. Then, the gel was
briefly rinsed 3 times with ultrapure water for 2 min each and incubated in a staining
solution (0.1% silver nitrate containing 1.5 ml/liter of 37% formaldehyde) for 30 min.
The excess silver ions were eliminated by brief rinse with the ultrapure water. Gel
was developed in a cold (8-18°C) developing solution (3% sodium carbonate
containing 1.5 ml/liter of 37% formaldehyde and 200 pl/liter of 10 mg/ml sodium
thiosulfate) and agitated until the first band were visible. The developing solution was
poured off and the fresh developing solution was added. The gel was continued
development until optimal image intensity was obtained. The developing reaction was
stopped by using 10% acetic acid with agitating for 5 min. The gel was rinsed 2 times

with the ultrapure water for 2 min each.
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