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Chitinase which was purified from L. |eUCO(Jepha|a seedlings had a molecular weight of
approximately 32 kDa and apparent pl of 7.6, similar to many class I chitinases. So cDNA were
cloned using a combination of RT-PCR with homology-based 3' RACE primers, Agtll cDNA
library screening and 5 RACE to produce two closely related chitinase ¢cDNA sequences.
The derived chitinase precusor proteins (323 and 326 amino acids) exhibit 95% identity with
each other and 74% identity with kidney bean chitinase precursor. The cDNA encoding a mature
protein of 302 amino acids was expressed from pET23d and pET32a vectors in E. coli
BL21 (DE3) and Origami (DE3), respectively. Induction of expression at 15°C resulted in
an approximately 32 kDa protein from pET23d. The expressed protein was present in both
insoluble inclusion bodies and soluble form. Using pET32a, the E.coli produced
the recombinant protein of approximately 46 kDa, which contained 14 kDa of thioredoxin protein
and 32 kDa of chitinase. It was purified using a Ni-NTA superflow column and was cleaved with
enterokinase to produce free chitinase. The isoelectric point of free chitinase was 7.5. The enzyme
showed an optimum pH of 4.5 and an optimum temperature 55°C. The best polysaccharide
substrate was colloidal chitin. The recombinant chitinase displayed endochitinase like activities
on [-nitrophenyl-triacetylchitotriose and the K, and k_, were 7.60 mg dry weight chitin/ml and
8.28 min" with colloidal chitin, 48.78 UM and 35.42 min” with p-nitrophenyl-N,N',N” -triacetyl-
chitotriose, 2.05 MM and 95.22 min" with N,N',N",N'" -tetraacetylchitotetraose respectively.

The recombinant chitinase effectively inhibited growth of 13 fungal strains.
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Chapter |
Introduction

1.1 Chitin

Chitin is one of the most abundant polysaccharides in nature. Chitin was first discovered by
Braconnot in 1811 from mushroom by treating Agaricus valvaceus with diluted warm alkali and
then isolating (Muzzarelli, 1976). Natural chitin is major component of the exoskeleton of insects
and other arthropods, and the cell walls of most fungus, such as the Ascomycetes, Basidiomycetes
and Deuteromycetes. In fungi, chitin constitutes 3-60% of the cell wall (Bartnicki-Garcia, 1968;
Wessels and Sietsma, 1981). Most chitin studies have been based on crab and shrimp chitin
because these are widely available. Chitin exhibits various biological activities and has been used
in agriculture, industry, and medicine (Nishimura et al., 1984; Suzuki et al., 1986).

1.1.1 Chitin structure and properties

Chitin is a linear b-1,4-linked polymer of N-acetyl-D-glucosamine ((2-acetamido-2-deoxy)-
D-glucose or GIcNAc) units (Figure 1.1) which are arranged in an anti-parallel (a-chitin)
(Figure 1.2), parallel (b-chitin) (Figure 1.3), or mixed stands (cchitin), with the a-conformation
being the most abundant in nature. The difference among a-chitin, b-chitin, and gchitin is the
hydrogen bonding in and between sheets. The a-chitin has hydrogen bonds between sheets to
give a strong structure that has been found in fungi, insects, and crustaceans. The b-chitin has
hydrogen bonds within the sheets (only) and has been found in the spines of Aphrodite, ink of
Luligo, tubes of Pogonophora, and spines of diatom. The g-chitin which is mixed with two to one
parallel to anti-parallel, has been found in the stomach of Luligo (Gardner and Blackwell, 1975;
Blackwell, 1988).

Chitin is soluble in anhydrous formic acid and is dispersed in concentrated agueous
solutions containing certain lithium or calcium salts. Chitin can also be dissolved with some
depolymerization in concentrated mineral acids, but is insoluble in water, organic solvents, and
ammonium reagents. Chitin is less reactive than cellulose because of its general insolubility. It is



slowly deacetylated to form products collectively termed chitosan (poly-b-1,4-(2-amino-
2-deoxy)-D-glucose). Chitan, completely N-deacetylated chitin, is obtained by retreatment of
chitosan with alkali or fractionational precipitation of aminopolymer as its hydrochloride salt.
Chitin is difficult to acetylate or methylate by methods commonly used to form derivatives of
cellulose, since it does not swell in the usual reaction media (Ward and Seib, 1970).

CH,OH CH,OH
0 0
OH OH o CHITIN
NH  _NH
o—<C CH, o—=< CH,
B |
CH20H CH20H
0 o
OH
OH O CHITOSAN
NH; NH,
- I

Figure 1.1 Structures of Chitin and Chitosan



Figure 1.2 Structure of antiparallel a-chitin. A is the hc projection and B is the ab projection
(Blackwell, 1988)



Figure 1.3 Structure of parallel b-chitin. A is the ab projection, B is the ac projection, and C is
the bc projection. (Blackwell, 1988)



Both chitin and chitosan are copolymers of GIcNAc and glucosamine (GIcN). The
copolymer is called chitin when it contains less than 7% nitrogen and chitosan when nitrogen
content exceeds 7% (Davis and Hayes, 1988). The difference between chitin and chitosan is the
degree of acetylation of D-glucosamine residues. Usually those of chitin are acetylated more than
60% and those of chitosan are acetylated less than 40%. In nature, chitin is covalently bonded to
proteins which may also serve to link chitin to other carbohydrates. It may also be associated with
salts, such as calcium carbonate in the shells of crustaceans.

1.1.2 Sources of chitin

Chitin is found in fungal cell walls, insect exoskeletons, shells of crustaceans, mycelial
yeasts, green algae, and several species of brown and red algae. In plants, it may serve as
an alternative to cellulose and, in animals, as an alternative to collagen. Chitin is widespread in
the animal kingdom, occurring in the form of sheets as in the cuticles of arthropods, molluscs, and
annelids, or in the form of well-oriented fibres as in the mandibular tendon of lobsters (Ward and
Seib, 1970). Chitin is not present in bacteria, Actinomycetes, and higher plants (Flach et al.,
1992).

1.1.3 Enzymatic hydrolysis of chitin and chitosan

The enzyme which hydrolyzes chitin is chitinase, and for chitosan is chitosanase. The
difference of two enzymes are not well clarified at the molecular level (Ando et al., 1992).
Only zygomycetous fungi have cell walls composed of both chitin and chitosan (Yabuki et al,
1988).

Enzymatic hydrolysis of chitin to free monomer is formed by the binary hydrolases;
chitinase (poly-b-1,4-(2-acetamido-2-deoxy)-D-glucoside glycanohydrolase or chitin
glycanohydrolase) and N-acetylglucosaminidase (N,Neacetylchitobiase) or chitobiase. These
enzymes are found in a wide variety of microorganism, plant and animal species. Chitin is first
hydrolyzed by chitinase to low-molecular weight oligosaccharides (Fukamizo et al., 1986). Those
oligomers are hydrolyzed to the products N,Nediacetylchitobiose (chitobiose) with small amount
of GIcNAc products. Endo-N-acetylglucosaminidase splits chitobiose into two molecules of
GIcNAC. Exo-N-acetylglucosaminidase also hydrolyzes glycoside bonds of oligosaccharides from
their terminal non-reducing ends and releases GICNAc products. Alternatively, chitin can be



degraded by deacetylation and further processing. Three enzyme systems, endo-chitosanase, exo-
chitobiohydrolase (exo-chitosanase), and chitobiase (endo-glucosaminidase) or exo-
glucosaminidase are involved in this pathway. Chitosan is hydrolyzed by chitosanase to low-
molecular weight oligosaccharide. Those oligomers are hydrolyzed to the products chitobiose
with small amount of GIcN products. Endo-glucosaminidase splits chitobiose into two molecules
of GIcN. Exo-glucosaminidase also hydrolyzes glycoside bonds of oligosacharides from their
terminal non-reducing ends and release GIcN products (Figure 1.4).

1.2 Overview of chitinases

Chitinases (EC 3.2.1.14) are enzymes that catalyze the hydrolysis of the b-1,4-N-acetyl-D-
glucosamine linkages of the polysaccharide chitin. Chitinases are made by chitin-producing
organisms in which they have essential functions during growth and molting (Kramer et al,
1993), but also by bacteria, which degrade chitin for use as a carbon and energy source (Morgavi
et al,, 1994), and by plants, which produce chitinase to defend themselves against pathogenic
fungi (Boller, 1988; Bowles, 1990; Linthorst, 1991). Chitinases have two types, endochitinase
and exochitinase. Endochitinase activity results in random cleavage at internal points in the chitin
chain to multimers of N-acetyl-D-glucosamine that can dissolve in water, such as chitohiose,
chitotriose, and chitotetraose (Figure 1.5), while exochitinase (chitobiosidase) activity is a
progressive action at non-reducing ends with the subsequent release of diacetylchitobiose units
(Figure 1.6) (Robbins et al., 1988). Chitobiase hydrolyzes chitobiose. Most plant chitinases are
endo-type chitinases (which randomly hydrolyze internal b-1,4-N-acetyl-D-glucosidic linkages of
chitin), producing chitooligosaccharides from chitin.

Some chitinases also display more or less pronounced lysozyme activity (EC 3.2.1.17),
corresponding to cleavage of glycosidic bond between the C1 of N-acetylmuramic acid
(Mur-NAc), and the C4 of N-acetylglucosamine in the bacterial peptidoglycan (Jolles and Jolles,
1984).
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1.3 Classification of chitinases based on amino acid sequence

On the basis of amino acid sequences, chitinases have been divided into six classes
(Figure 1.7) (Colinge et al., 1993; Menis et al., 1994; Shishi et al., 1990), which fall into two
unrelated families, families 18 and 19 of the glycosyl hydrolases (Henrissat and Bairoch, 1993;
Menis et al., 1994). Family 18 chitinases have also been classified as classes 11, V, and VI which
have been found in a wide range of species, including bacteria, fungi, plants, insects, mammals,
and viruses (Ayres et al., 1994; Hakala et al., 1993; Henrissat, 1990; Kramer et al., 1993). Within
this family, the prokaryotic chitinases show only two short sequence motifs that are homologous
to the eukaryotic enzymes. Family 19 chitinases have been found mainly in plants so far.
Chitinases in family 19 include classes I, Il, 1V,

Class I chitinases have both acidic and basic isoforms which are structurally homologous
and are primarily localized in the central vacuole (Neuhaus et al., 1991). They contain a cysteine-
rich domain of about 40 amino acids at their N-terminal, similar to the rubber lectin hevein, and a
highly conserved catalytic domain. The hevein domain is thought to serve as a chitin-binding site.
There is a variable glycine- and proling-rich spacer region between the hevein and the catalytic
domains. They have a leucine-rich or valine-rich signal peptide (Figure 1.7). Class | chitinases
have been divided into two subclasses. Class la chitinases have basic isoelectric point and the
carboxy-terminal extension at C-terminal. Class Ib chitinases have acidic isoelectric point.
Examples of class | chitinases have been found in Arabidopsis, barley, bean, pea, peanut, tobacco,
and tomato (Herget et al., 1990; Samac et al., 1990; Shishi et al., 1990; Swegle et al., 1989; Vad,
1991).

Class I1 chitinases lack the hevein domain (cysteine-rich domain) (Collinge et al., 1993).
However, the amino acid sequences of the catalytic domains of class I chitinases are similar to
those of class | chitinases (Figure 1.7). The primary structure of class | and class I chitinases are
60-65% identical, while there is more than 70% identity within the classes. Class 11 chitinases are
usually found in the extracellular fluid of leaves and in the culture medium of cell suspensions,
suggesting that they are localized in the apoplastic compartment, consistent with a major function
in defense (Shinshi et al,, 1990). Class Il chitinases have been divided into two subclasses.
Class I1a chitinases have basic isoelectric point and a deletion in the catalytic domain. Class [1b
chitinases have acidic isoelectric point (Flach et al., 1992). Examples of class I chitinases have
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been found in Arabidopsis, barley, and PR-P and PR-Q protein from tobacco (Samac et al., 1990;
Leahetal., 1991; Linthorst etal., 1990).

Class Il chitinases are structurally unrelated to classes I, 11, and IV (Figure 1.7). They can
be acidic and basic isoelectric points (Beintema, 1994). Class |11 chitinases are located in the
extracellular and intercellular fluids. They have high sequence identity with chitinases from yeast
and zygomycetes. The primary structures of class 111 chitinases within yeast and zygomycetes are
45-74% identical (Henrissat, 1990). Examples of class Il chitinases have been found in
cucumber, sugar-beet and tobacco (Lawton et al., 1992; Metraux et al., 1989; Mikkelsen et al,
1992).

Class IV chitinases contain a chitin binding domain and a conserved main structure that
resembles that of class | enzymes, but are significantly smaller due to deletion of four regions
(one in the chitin-hinding domain, 2 in catalytic domain and one at the end, as shown in
Figure 1.7). Class IV chitinases are 35-50% identical with the class | and class II chitinases, and
more than 60% among themselves (Beintema, 1994). Examples have been found in bean, rape
and sugar-eet (Margis-Pinheiro et al., 1991; Mikkelsen et al., 1992; Rasmussen et al., 1992).

Class V chitinases are structurally unrelated to classes I, 11, and [V (Figure 1.7). They have
a duplicated N-terminal lectin domain with an amino acid sequence which is similar to the
stinging nettle lectin precursor (Morgavi et al., 1994). They share some similarity with Class Il
bacterial exochtinase (Melchers et al., 1994). Examples have been found in Untica dioica, and
Nettle (Lemer and Raikhel, 1992).

Classes VI chitinases have no sequence similarity to classes I, Il, and IV chitinases
(Figure 1.7), but have significant amino acid sequence similarity to Class Il bacterial
exochitinase (Menis et al., 1994). Examples have been found in beet and tobacco (Melchers et al.,
1994; Mikkelsen etal., 1992).

The amino acid composition (residues/mole) and molecular weight of chitinase has been
used to classify chitinases to a known class by comparing these properties to those of known
classes of chitinases. The amino acid composition has been used to compare between purified
protein and deduced cloned chitinases (Wang and Chang, 1997). The amino acid compositions of
class | chitinases have a high content of Asp, Gly, Cys, and Pro such as in tobacco and carrot
(Zhang, et al., 1996). Plant class | chitinases have 15-17 cysteine residues/ mol, class Il of
5-8 cysteine residues/ mol, and class 111 of 1-6 cysteine residues/ mol (Yamagami et al., 1998),
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as shown in table 1.1. Class I chitinases also have high amounts of Arg, Ilu, Gly, and Ser as the
major amino acid. Class Il chitinases have Ala and Thr as the most abundant amino acids.
Class I11 chitinases have Glu, Leu, Lys, and Val as the most abundant amino acids (Wang and
Chang, 1997). The amino acid composition has been used to determine whether the enzyme
isoforms have on the average high or low isoelectric point (Molano et al., 1979).

SP CRD HR Catalytic CTE
Classla [ 1T I 14
Classlb [ [ ] |
Classlla [ | | | | - Family 19
Class b [ ] | |

ClassIV Tl B | | | | | -

Class 1 1 |

ClassV T 1 | - Family18

Class VI [ ] [ | -

100 amino

SP: signal peptide

CRD : cysteine-rich domain

HR : hinge region (glycine-proline rich)
CTE : carboxy-terminal extension

Figure 1.7 Classification of chitinases based on amino acid (Colinge et al., 1993; Menis et al.,
1994; Shishi et al., 1990; Verburg et al., 1993).
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Table 1.1 Comparison of amino acid composition (numbers/protein) of plant class |
endochitinases, class |1 chitinases, class I11 chitinases, and class IV chitinases

Amino | Potato |Tobacco| Rice | Rye |[Gladiolug Pokeweed| Sugar | Com
acid | Leaves | Class| | ClassIl| seed | bulb |eaf beet | ClassIV
Class | Class 1] Class [11{ Class Il | Class IV
Asp 40 | 3602 | 29 25 39 36 22 30
Thr 12 | 1562 | 20 14 19 12 13 9
Ser 23 | 2615 | 18 14 21 23 28 11
Glu 18 | 2008 | 19 12 20 25 18 20
Pro 22 | 2321 | 10 14 9 12 10 11
Gly a4 | 4750 | 31 29 18 40 28 46
Ala 21 | 231 | 35 35 17 16 30 28
Cys 17 | 1817 | 7 7 1 6 16 14
Val 9 | 861 13 10 22 13 16 12
Met 3 | 414 4 2 2 4 3
lle 15 | 159 | 12 10 20 13 13 9
Leu 14 | 1498 | 14 11 16 21 11 6
Tyr 11 ] 11719 | 13 12 13 10 12 13
Phe 15 | 1498 | 13 13 21 15 19 14
His 4 | 414 2 6 4 3 4 5
Lys 8 | 1348 | 5 8 12 13 8
Arg 18 | 1913 | 12 15 12 7 15 10
Trp 8 | 860 4 6 4 7 3 4
Total 302 | 32491 | 261 | 243 | 274 214 265 253
MW | 32,400 | 34,000 | 27,643 | 26,098 | 30,714 | 29,473 | 28365 | 26,492

(Gaynor, 1988; Huynh, et al., 1992; Kim et al., 1998; Mikkelsen et al., 1992; Shishi et al., 1990;
Yamagami and Funatsu, 1993, 1995; Yamagami etal., 1997)
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1.4 Sources of chitinases
1.4.1 Animal chitinases

1.4.1.1 Fish chitinases

Chitinases have been described in the digestive tract of some fish feeding on Dover
sole or on krill. A chitinase was purified from the stomach of red sea bream. The molecular
weight was about 46,000 and pl of 8.3. The optimum temperature and pH were 50°C and 5.5,
respectively. The activity was strongly inhibited by Hg®, Fe**, and Sn*. The chitinase was
synthesized within the egg and could be induced during the larval period by the consumption of
exogenous foods. Japanese eel was also found to have chitinase in the stomach. However, the
digestive tract of eel also contained chitin-decomposing bacteria (Flach et al., 1992).

1.4.1.2 Insect chitinases

Most insect chitinases were found in the alimentary canal, integument, haemolymph,
and moulting fluid. Several insect chitinases are glycoproteins (Funke et al., 1989). Bombyx mori
chitinase is synthesized as an inactive precursor which is activated by limited proteolysis (Koga
etal., 1989). The isoelectric points of insect chitinases range between 4 and 5, the optimum pH
between 4.5-6.0 and K, values with chitin between 0.2 mg/ml and 5 mg/ml (Kramer and Koga,
1986).

1.4.1.3 Marine invertebrate chitinases

Chitinases have been characterized in marine invertebrates, molluscs and crustaceans,
such as oysters, prawns, lobsters, and krill (Wright and Smucker, 1986: Kono et al., 1990; Lynn,
1990; Spindler and Buchholz, 1988). Euphasia superba and Meganyctiphanes norvegica
chitinases have been demonstrated. The pH optimum is 5.0 and temperature optimum is between
40°C and 50°C. Enzymes activities in the lower temperature range were still high, suggesting a
functional adaptation to the low temperature in seawater.

1.4.2 Bacterial chitinases
Bacteria have a large role in chitin degradation but not all species are able to hydrolyze
chitin. Bacterial have been shown to produce extracelluar chitinases. Bacteria which can produce
chitinases include gram positive bacteria of the genus Arthrobacter, Bacillus, Clostridium,
Nocardia, and Steptomyces and the gram negative Aeromonas, Chromobacterium,
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Photobacterium, Psuedomonas, Serratia, and Vibrio. The distribution of chitinase was studied in
29 Bacillus species and 10 species were found to produce endochitinase, including B.alvei,
B.chitinospours, B.licheniformis, and B.pulvifaciens, while 15 species produced exochitinase,
including Bacillus circulans and Serratia marcescens (Cody, 1989). When an exochitinase from
Serratia marcescens was expressed in E.coli, it was secreted into the periplasm (Cabib, 1988).
This chitinase has a high specific activity. Because of its stability, wider pH optimun and linear
kinetics over a wide range than many other chitinases, the S. marcescens chitinase has been
recommended for analytical use. For these reasons, it is also a good candidate for the large scale
degradation of chitin for industrial purposes.

1.4.3 Fungal chitinases

Fungi can produce enzymes that degrade chitin. For example, an endochitnase and a
b-N-acetylglucosaminidase have been found in Aspergillus nidulans (Bernasconi et al., 1986), an
exochitinase in Mucor rouxii (Pedraza-Reyes and Lopez-Romero, 1989), and Vericillium
albo-atrum cultures produce a constitutive chitinase which has been implicated in the in vitro and
invivo lysis of fungal mycelium (Pegg, 1988). Chitinases seem to play a physiological role
related to the mycoparasitic activity displayed by several species of fungi, such as the genus
Trichoderma. Some species of Trichoderma have been used as biological control agents against
fungal pathogen. The degradation and further assimilation of phytopathogenic fungi, namely
mycoparatism, has been proposed as the major mechanism accounting for the antagonistic
activity against phytopathogenic fungi displayed by Trichoderma (Siwayaprahm, 1997).

1.4.4 Protozoan chitinases

Malaria parasites (0okinetes) have been reported to digest the peritrophic membrane in the
mosquito midgut during penetration (Huber et al., 1991). A chitinase from the parasite was
detected which might be involved in the digestion of the peritrophic membrane.

1.4.5 Plant chitinases

Plant chitinases are monomeric proteins between 25 and 40 kDa that play an important role
in a general disease resistance mechanism (Leah etal., 1991; Schlumbaum etal., 1986). Multiple
forms of chitinase have been found in numerous plants (Boller et al., 1983). Inall plants that have
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been analyzed, chitinase activity was strongly and coordinately induced upon infection or by
other types of stress, such as treatment with fungal elicitors, ethylene, other hormones, chemicals
or heavy metals (Boller et al., 1983). It has also been demonstrated that transgenic plants that
overexpress chitinases have increased resistance to fungal attack (Collinge et al, 1993).
Chitinases can be soluble in the apoplastic space or cellular, probably sequestered in lyzosomal
vaculoes, membrane-bound or wall-bound (Chagolla et al., 1987). Upon cellular fractionation,
they have been found in both microsomal and supernatant fractions (Humphreys, and Gooday,
1984).

1.45.1 Constitutive and Induced plant chitinases

Chitinases are sometimes observed constitutively in plants. In Heavea brasiliensis,
the latex contains large amounts of chitinase. Chitinases can also be produced during specific
steps of plant development, such as chitinase was expressed in tobacco and Arabidopsis explants
during flower formation, in apical leaves, and roots (Flach, 1992; Samac and Shah, 1991), in pea
pods (Mauch et al., 1988) and in cereal grain (Jacobsen et al., 1990). Chitinase activity increased
markedly at the onset of ripening in grape berries and continued to increase throughout the sugar
accumulation phase of berry development (Robinson et al., 1997). Three chitinases isolated from
barley grain also accumulate extracellularly in embryogenic cell suspension cultures of barley
(Kraghetal,, 1991).

Plants do not contain an immune system and thus are vulnerable to pathogens. In
order to protect themselves from pathogens, plant have evolved a number of defense responses
that are elicited during their life cycle in response to developmental signals and pathogen attack.
Plant chitinases have been speculated to play a crucial role in plant defense against fungal
pathogens because of their ability to digest chitin, a major constituent of the cell walls of a
number of fungal pathogens. (Huynh et al., 1992). Roberts and Selitrennikoff (1988) purified
chitinases from three grains, barley, maize and wheat and all three grain chitinases inhibited
hyphal extension of Trichoderma reesei and Phycomyces blakesleganus.

1.45.2 Infection by microorganisms, wounding and fungal elicitors

Hedrick et al. (1988) showed that chitinase synthesis was stimulated in bean cell
suspension cultures treated with fungal cell wall elicitors and in hypocotyles after fungal
infection. Elicitors caused a very rapid activation of chitinase transcription with 10-fold
stimulation after 5 minutes. Chitinase transcripts were also greatly accumulated in wounded and
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infected hypocotyls. Roby et al. (1992) also studied the relationships between oligosaccharide
size and elicitor efficiency: for the colorimetric assay, the hexamer of chitin was the most
efficient elicitor, whereas the heptamer was the most convenient one for the radiochemical assay.

Some chitinases can be induced by virus infection, for example in tobacco leaves
infected with TMV (tobacco mosaic virus) (Trudel et al., 1989). Legrand et al. (1987) also found
two additional chitinases in cucumber, also induced by TMV infection.

1.4.5.3 Phytohormone and chemical induction

Chitinases can be induced by ethylene treatment. Abeles et al. (1970) and Boller
et al. (1983) showed that chitinase activity in bean seedings increased 30-fold after exposure to
exogenous ethylene. In carrot cell cultures, four chitinases were induced by ethylene (Kurosaki
et al., 1989). Chitinase accumulation in tobacco in vitro cultures is also regulated by addition of
auxin and cytokinin to the culture medium; chitinase was also regulated during development in
the intact plant. (Grosset et al., 1990; Sinshi et al., 1987).

Chitinase activity can be induced by treatments with salicylic acid or mercuric
chloride. But, as for most other induction means, the effects of chemical treatments are not
specific because other defence mechanisms are simultaneously induced (Nasser et al., 1990;
Parent and Asselin, 1984).

1.45.4 Transgenic plants

The reports concerning transgenic plants with elevated expression levels of chitinase
have been published (Broglie et al., 1991; Jones et al., 1988; Linthorst et al., 1990; Neuhaus et
al., 1991), and other reports have been presented at international meetings. Transgenic tobacco
and rape plants containing a bean chitinase gene with a constitutive promoter have been shown to
exhibit higher basal levels of chitinase and concomitant increased resistance to Rhizoctonia solani
when compared with control plants (Broglie et al., 1991). In another report (Neuhaus et al., 1991)
tobacco plants transformed with a basic chitinase from tobacco, under regulation of a constitutive
promoter, accumulated up to 120-fold more active chitinase than non-transformed plants. Oilseed
rape (Brassica napus var. oleifera) containing a tomato chitinase gene with a constitutive
promoter exhibited an increased tolerance to disease as compared with the nontransgenic parental
plants (Grison et al., 1996). Japonica rice, Nipponbare and Koshihikari transformed with chitinase
from rice (Oryza sativa L.) with a constitution promoter exhibited a 12-fold increased tolerance
to rice blast pathogen (Magnaporth grisea race 007.0) over control (Nishizawa et al., 1999).
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1.5 Chitinase purification

Chitinase can be purified from a total homogenate, from the intercellular fluid or from latex
of plants. Affinity chromatography, using chitin or regenerated colloidal chitin, is the most
specific method. It was used successfully for the purification of the chitinases from barley leaf
intercellular fluid (Kragh et al., 1990), soybean (Wadsworth et al., 1984), bean, (Boller et al,,
1983), tobacco (Shinshi et al., 1987), and wheat (Ride and Barber, 1990). This method cannot
always be used, as problems in the binding or in the release of chitinases may occur (Flach et al.,
1992).

Many chitinases have a very high or very low isoelectric points. This characteristic has
often been used to purify chitinase. Bernasconi et al. (1986) described a one-step purification of
Rubus chitinase from culture medium, using ion exchange chromatography. However, this step is
generally inadequate for obtaining a pure protein. Additional steps such as hydrophobic
interaction chromatography (Legrand et al., 1987), gel filtration on P-100 Bernasconi et al.,
1987) or Sephacryl S-200 gels (Roby and Esquerre-Tugaye, 1987), or chromatofocusing (Hooft
etal., 1987) have been used. To increase the efficiency of separation, all steps can be performed
by HPLC or FPLC (Meins et al., 1989). Table 1.2 shows examples of the purification and some
properties of several chitinases.

1.6 Chitinase genes (class I and class II chitinases)

Brogile et al. (1986) performed Southern blot analysis of bean genomic DNA using a
cDNA clone encoding a class | chitinase, and found the chitinase is encoded by a small multigene
family consisting of about four members. At least two ethylene-requlated genes are expressed, as
shown by sequence analysis of additional cDNA clones. Similar observations were made using
CDNA clones from infected hean and rice (Hedrick et al., 1988; Nishizawa and Hibi, 1991). In
barley, endochitinase genes were present as multiple copies on chromosome (Swegle et al.,
1989). In tohacco (Hooft et al., 1987), hybridization of cDNA probes to genomic blots indicated
that the acidic and basic chitinases are each encoded by two to four genes in the amphidiploid
genome of Samsun NN tobacco. A similar complexity was found for the genes encoding other
pathogenesis-related proteins of bean (Ryder et al., 1987). In peanut, Herget et al. (1990) showed
an elicitor-specific induction of chitinase genes (chit 1-4); chit 1 gene was activated by yeast
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extract, chit 2 gene by fungal wall components; chit 3 gene was constitutively expressed and chit
4 gene induced by each tested stimulus. The structure of a tobacco class | chitinase gene was
described by Shinshi et al. (1990). The gene contained two introns. The authors suggested that the
sequences encoding the cysteine-rich domain was introduced into the ancestral gene for class |
enzymes by a transposition event. In the class | chitinase gene from Arabidopsis, the second
intron is missing and the chitinase is encoded by a single copy gene. There is no intron in rice
(Zhu and Lamb, 1991) and potato (Gaynor and Unkenholz, 1989) chitinase genes.

Basic chitinase in dicotyledonous are synthesized as pre-enzymes with a signal peptide for
vacuolar targeting (Mauch and Staehelin, 1989). The hydropathy plot of the deduced amino acid
sequence of rice (class I basic chitinase) revealed a stretch of hydrophobic amino acids at the
N-terminus, representing a typical signal peptide including a splicing motif (Perlman and
Halvorson, 1983). This was consistent with a vacuolar location for basic chitinase in
monocotyledons. With a tobacco chitinase gene, it has been found that some Sequences for
targeting the protein to the vacuole are located at the C-terminus (Shinshi et al., 1988).
No homology was observed between the C-terminal of tobacco chitinase and the rice class | basic
chitinase.
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Source of chitinase Methods of purification | MW | pH | Temperature | pl
(kDa) |optimum| optimum (°C)
Plant
- Sugar beet leaves - Heat treament 50°C 20 min
(Mikkelsen et al., 1992) |- 90% ammonium sulfate
- Q Sepharose FF
- Chitin column
- Chromatofocusing
- FPLC, Mono P
- Basic | 32 8.1
- Basic Il 26 9.1
- Acidic | 3l 30
- Acidic I 35 42
- Cucurbita sp. Pumpkin | - Sepharose 6B column 298
(Esakaetal., 1990)
-Gladiolus gandavensis | - CM cellulose column 30 | 50 6.0
(Yamagamietal,, 1997) | - Butyl Toyopearl 650 M 30 | 50 15
- Sephadex G-75
-Mono S
-Japanese radish seeds - 0-70% ammonium sulfate | 304 | 60 55-65
(Kondoet al., 1997) - CM Sephadex C-50 255
- Sephadex G-100
- Lycopersion esculentum | - DEAE cellulose column | 31 | 51
(Pegg, 1988) - ammonium sulfate
- Hydroxyapatite
- Bio Gel P-100 column
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Table 1.2 (continued)
Source of chitinase Methods of purification | MW | pH | Temperature | pl
(kDa) | optimum | optimum (°C)
- Tobacco leaves - Ammonium sulphate 65%
(Nicotiana tabacum) - Chitin affinity column
(Iseliet.al., 1993) - Superrose 12-HR 10/30
- CM-Trisacryl
- Chitnase | 3 | 65 55-60
- Chitinase Il 32 10 50-55
- Phaseolus vulgaris leaves| - Heat treatment 35| 65 94
(Boller etal., 1983) - 0-60% ammonium sulfate
- Regenerated chitin column
- Pisum sativum Pea - 0-90% ammonium sulfate | 33.1
(Mauch etal., 1988) - Trisacryl DEAE 36.2
- Chromatofocusing 320
- Wheat germ - Acetic acid pH 4.5 30 6 30 15
(Molano et al., 1979) precipitate
-Chitin affinity column
- Sephadex G-50
- Zeamays Maize - 0.80% ammonium sulfate | 25
(Nasser et al., 1988) - Sephadex G-500 25
- Electroelted 12% PAGE | 29
- DEAE cellulose 345
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Table 1.2 (continued)
Source of chitinase Methods of purification | MW | pH | Temperature | pl
(kDa) | optimum | optimum (°C)

Fungal

- Allium porrum - Chitin column

(Vergauwen et al., 1998)| - Mono Q column

- Chitinase B 34 | 50 40 41
- Chitinase C 3 | 50 40 6.6
- Chitinase D 35 - 50 6.3
- Chitinase D, 3B | 60 60 6.3
- Chitinase E 33 60 15
- Chitinase F 33| 60 50 8.0
- Metarhizium anisopliae | - 0-85% ammonium sulfate | 30 | 45-50 |  40-45

(Pintoetal., 1997) - DEAE Sephacel
- Tricoderma hazianum | - 0-75% ammonium sulfate | 40 | 4.0-45 40

(Ulhoa and Peberdy, | - Q Sepharose

1992) - Sephadex G-100

- Phenyl Separose CL-4B

- Rhizpus oligosporus - | - 0-90% ammonium sulfate

(Yanai et al., 1992) - Regenerated chitin column

- Chitinase | -Sephadex G-75 50 | 40

- Chitinase Il - DEAE Toyopearl 5 | 35

- Penicillium oxalicum | - 0-70% ammonium sulfate | 549 | 5.0 35 45

(Rodriguez et al., 1995)

- Anion and cation exchange
- Sephacry $-200
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Table 1.2 (continued)
Source of chitinase Methods of purification | MW | pH | Temperature | pl
(kDa) | optimum | Optimum (°c)
- Mucor rouxii - 0-60% ammonium sulfate
(Pedraza-Reyes and - Bio gel P-100 column
lopez-Romero, 1989) - DEAE Bio Gel A
- Chitinase | 07| 65 30
- Chitinase I1 42| 65 30
Insect
- Stomoxys calcitrans | - 30-50% ammonium sulfate | 63 | 6-8 37
stable fly - Sephadex IEF
(Chenetal., 1982) - Sephadex G-100
- PAGE
Bacterial
- Bacillus SP. strain MH-1
(Sakaietal., 1998)
- Chitinase L - Chitin column 71| 65 15 53
- Chitinase M - Chromatofocusing 62 | 55 65 48
- Chitinase S 53 | 55 15 4.7
- Bacillus sp. BG-11 - 50-80% ammonium sulfate 1590 | 455
(Bhushan and Hoondal, | - Chitin column
1998) - Sephadex G-100
- Bacillus -0-80% ammonium sulfate | 74 | 65 75
stearothermophilus Ch-4 | - DEAE cellulose
(Sakai et al., 1994) - Butyl Toyopearl
- Sephadex G-100
- Mono Q
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Table 1.2 (continued)
Source of chitinase Methods of purification | MW | pH | Temperature | pl
(kDa) [optimum |Optimum (°C)
- Bacillus circulans WL-12| - 0-40% ammonium sulfate
(Watanabe et al., 1990) | - Chitin affinity column
- Sephadex G-100
- Chitinase Al 14 AT
- Chitinase A2 69 48
- Chitinase B1 38 6.6
- Chitinase B2 38 59
- Chitinase C 39 8.6
- Chitinase D 52 52
- Bacillus licheniformis | - Butyl Toyopearl 650 M
X-TU - Q Sepharose
(Takayanagi et al.,1991) | - Sephacryl S-200
- Chitinase | 89 | 6.
- Chitinase 1 76 | 6.0
- Chitinase Il 66 | 50
- Chitinase IV 59 1 50
- Enterobacter sp. G-1 | - 0-75% ammonium sulfate | 60 | 7.0 40 6.6
(Parketal., 1997) - DEAE Sephadex A-50
- Chitinase A - Sephadex G-100
- Serratiamarcescens | - Chitin affinity column
(Roberts and Cahib, 1982)
- Chitinase A 52 | 47
- Chitinase B 58 | 4T
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Table 1.2 (continued)
Source of chitinase Methods of purification | MW | pH | Temperature | PI
(kDa) [optimum | optimum (°c)
- Pseudomonas - 0-80% ammonium sulfate
aeruginose K-187 - DEAE Sepharose CI-68B
(Wang and Chang, 1997) | - 0-80% ammonium sulfate
- Econo Pac Q column
- Chitinase | 30| 80 50 5.2
- Chitinase Il 32110 40 48
- Steptomyces sp. - 0-70% ammonium sulfate | 29
(Skujins etal., 1970) - DEAE column
- Hydroxylapatite
- Bio Gel P-150
- Steptomyces erythraeus | - DEAE cellulose | 5 37
(Haraetal., 1989) - Bio Gel G-60
- DEAE Sephadex
- Steptomyces albidoflavus | - 0-95 % Ammonium sulfate
(Broadway etal., 1995) | - DEAE column
- Chitianse | 50| 51
- Chitinase I1 450 53
- Chitinase Il B5| 57
- Chitinase IV 210 58
- Chitinase V 55| 59
- Vibrio sp. -0-70% ammonium sulfate | 48 | 50 49
(Ohtakaraetal., 1979) | - DEAE Sephadex A-25
- Hydroxyapatite column
- Sephadex G-100
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1.7 Assay methods of chitinase enzyme

Chitinase activity has been assayed by a variety of procedures, including the monitoring of
changes in the molecular size of substrate and the determination of oligosaccharides, aglycones or
N-acetyl-glucosamine liberated in the reaction.

1.7.1Viscosimetric assay

Viscosity measurements for chitinase activity monitor the changes in the molecular size of
substrate (Jeuniaux, 1966). Insoluble compounds such as colloidal chitin are used as substrates in
these assay procedures (Tracey, 1955). This method is a more sensitive and effective procedure to
detect a slight activity. However, it is somewhat troublesome and too time consuming to
determine the chitinase activity of numerous samples. The assay of chitinase activity by the
viscosimetric method was first carried out using the solution of chitosan acetate.
Carboxymethylchitin has been reported to be a water soluble substrate suitable for the assay of
chitinase activity. However, both compounds have the disadvantage that the viscosity was
markedly affected by ionic strength and pH. On the contrary, glycol chitin does not have such
disadvantage and is a useful substrate for the viscosimetric assay.

A unit of chitinase activity is defined as the amount of the enzyme which is required to
attain a half life time of substrate in 30 min at 30°C and optimum pH. There is a linear
relationship between chitinase activity and amount of enzyme. Thus, the viscosimetric unit for
chitinase can be obtained by dividing 30 min by half life time (Ohtakara, 1988).

1.72 Turbidimetric (Nephelometric) assay

Turbidimetric measurements of the turbidity variation of a colloidal chitin suspension
during chitiniolysis has also been used. This method is rapid and accurate, but is suitable only for
the estimation of relatively high activities, in limpid and poorly colored solutions (Jeuniaux,
1966).

Ten nephelometric units correspond to a 50% turbidity decrease of a 6 ml colloidal chitin

suspension (0.3 g/ml) within 2 hours at 37.5°C and pH 5.3. The amount (c) of chitinase,
expressed in nephelometric units, is thus given by the formula.

T . . iy
c=2jog-0 ; Ty turbidity at start time,T,: turbidity at 2 hours
03 T,
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1.7.3 Tritiated chitin hydrolysis assay (Radiometric assay)

The radiochemical assay uses [acetyl-*H] chitin as a substrate. The assay, based on the
formation of soluble oligosaccharides from [acetyl-*H] chitin, is the most sensitive, because of the
possibility of using substrate of very high specific activity. It is suitable for both endochitinases
and exochitinases as it obviates the need for an auxiliary b-N-acetylhexosaminidase, and is
extremely simple to carry out (Cabib, 1988).

A unit of chitinase activity by this method is defined as that amount of enzyme which
catalyzes the release of 1 ninol of soluble product (calculated as N-acetylglucosamine, GlcAc)
in 1 min at 30°C (Cabib, 1988).

1.7.4 Colorimetric assay

The most widely used colorimetric assay for plant chitinases has been an exochitinase
assay, based on the determination of monomeric N-acetylglucosamine released from colloidal
chitin. However, plant chitinases generally are endochitinases and produce chitoligosaccharides
as principal products (Boller et al., 1983). Therefore, measurements of plant chitinases with the
exochitinase assay should be viewed with caution. For accurate determination, it is essential to
measure the chitooligosaccharides produced in the assay. This can be accomplished by the
enzymatic hydrolysis of the reaction products to monomeric GIcNAc prior to the colorimetric
measurement. The monomeric GIcNAc is then determined with dimethylaminobenzadehyde
(DMAB) which replaces the acetyl group and absorbs at 585 nm.

Chitobiosidase and endochitinase were assayed by measuring the release of p-nitrophenol
from p-nitrophenyl-b-D-N Nediacetylchitobiose and - p-nitrophenyl-b-D-N N¢Naztriacetyl-
chitotriose. These substrates function as trimeric and tetrameric subatrates, respectively, with the
p-nitrophenyl group serving as one monomer (Roberts and Selitrennikoff, 1988). Plates were read
at 410 nm in a microtiter plate reader. Activity was expressed as nkatals (nmoles of nitrophenol
releases per second) or U (ninoles of nitrophenol release per min).

1.7.5 Activity stained gels

Chitinase activity in electrophoretic gels can be detected by using a glycol chitin gel as
substrate and staining the gel with Calcofluor White M2R which is fluorescent and highly
specific for glycol chitin (Maeda and Ishida, 1967). The area of glycol chitin that was hydrolyzed
appears as a dark band in ultraviolet on the white background. 4-methylumbelliferone-
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chitooligosaccharides substrate can use to detect the product 4-methyl-umbelliferone (4-MU) that
fluorescent on the gel under the ultraviolet (Molano et al.; Cabib, 1988).

1.7.6 Chitin agar plate
In the chitin agar plate method, the chitinase activity is measured as the zone of clearing
around the wells where chitinase is added as it hydrolyzes the colloidal chitin substrate in the
media plate to small oligosaccharides (Roberts and Selitrennikoff, 1988).

1.8 Substrate specificity of chitinases

Chitinases from different sources have widely different substrate specificity, hydrolyzing
different chitin derivatives. Alternative substrates for plant chitinases are bacterial peptidoglycan,
the soluble chitin derivative glycol chitin and in some cases chitosan (leacetylated chitin)
(Bernasconi et al., 1987: Boller et al., 1983; Molano et al., 1979). Various commercial chitins are
available, but the particle size is generally too large to permit sensitive assays, thus colloidal
chitin preparations are currently the most commonly used experimental substrates.

1.8.1 Enzymatic Hydrolysis of colloidal chitin, purified chitin, glycol-chitin, chitosan

Some chitinases can hydrolyze colloidal chitin, glycol-chitin and glycol-chitosan but they
have different specific activities toward the different substrates. For example, Trichoderma
harianum chitinase (CHIT33) was able to hydrolyze colloidal chitin, glycol-chitin and glycol-
chitosan, but specific activity of hydrolysis of colloidal chitin was 6.55 fold that of glycol-chitin
and 1440 fold that of glycol-chitosan (De La Cruz et al., 1992). The hydrolysis products of the
enzymatic reaction from colloidal chitin were a mixture of (GIcNAc),, (GIcNAC),, (GIcNAC),,
and GIcNAc in which (GIcNAc), was the main product, indicating an endo-type action of the
chitinase.

Glycol chitin is used in assays which need a soluble substrate (Wood and Kellogg, 1988;
Ohtakara, 1988), however it does not work for all chitinases. The wheat germ chitinase is specific
for chitin and will not attack even glycol chitin (Molano et al., 1979). The pattern of product
formation by the wheat germ enzyme, as analyzed by paper chromatography, indicates that the
enzyme acts as an endochitinase. The smallest substrate that the enzyme can attack is
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a trisaccharide that is a marginal substrate. Even after prolonged incubation, only traces of
diacetylchitobiose and acetylglucosamine were observed.

Terwisscha van Scheltinga et al. (1995) determined the difference in - stereochemistry
between chitinases of prokaryotic and eukaryotic organisms from chitin hydrolysis by hevamine,
aplant class 111 chitinase from Hevea brasiliensis. Hevamine, like the bacterial chitinases, acts by
retention of configuration, despite the absence of stabilizing carboxylate in the active site.
Hevamine does not hydrolyze chitin fragments shorter than chitopentose and chitopentose is
cleaved mostly into chitotetraose and GIcNAc. The profile of chitopentose, incubated for 5 min
with hevamine, clearly shows that the relative amount of the b-anomer of the formed
chitotetraose is much higher that the a-anomer, whereas in equilibrium state the amount of
a-anomer is about 1.5 times that of the b-anomer. Therefore, hevamine cleaves chitin with
retention of the configuration at C1, like the family 18 bacterial chitinases (Armand et al., 1994).

Iseli et al. (1996) compared the hydrolysis mechanism of a cucumber class 111 chitinase
(family 18) and a bean class | chitinase (family 19). Cucumber chitinase is another class Il
chitinase like hevamine. Plant class 111 chitinases of family 18 use the same mechanism and have
a very similar three-dimension structure (Armand et al., 1994; Perrakis et al., 1994). The class |
chitinase was found to operate with inversion of the anomeric configuration and the results are in
agreement with the recent observation in yam chitinase (family 19) also performs an inversion of
the anomeric configuration (Fukamizo et al., 1995). It is therefore likely that all family 19
chitinases share the same active site structure, catalytic machinery and stereochemical outcome.

Kragh et al. (1990) determined the hydrolysis production of barley leaf (Hordeum
vulgare L.) chitinase from [*H]chitin. It was found that GICNAC respresented 6% of the
radioactivity detected after 24 h incubation, whereas chitobiose, chitotriose, chitotetraose and
higher oligomers accounted for 39, 15, 14 and 25%, respectively. The low amount of GIcNAc and
relatively high amounts of chitotriose and chitotetraose implies that barley chitinase is an
endochitinase, with little exo-N-acetylglucosaminidase activity.

Aiba (1994) determined the production of Streptomyces griseus chitinase hydrolysis of
chitosan. The yields of the oligomers produced appeared to follow N-acetylation. The yields were
relatively low when chitosan with degree of N-acetylation (degree of N-acetylation, da) of 5%
was used as a substrate. Higher yields were obtained from chitosans with more than 10% da.
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The major products were trimer, tetramer and pentamer of 31%, 28%, and 23%, respectively.
The yield of monomer and hexamer and were 6% and 10%, respectively.

Boller et al. (1983) determined the hydrolysis products of chitinase from bean leaves
(Phaseolus vulgaris) on [*H]chitin. The percents of soluble products at 30 min were GICNA,
chitobiose, chitotriose, chitotetraose, and higher oligosaccharide of 3, 31, 33, 30, and 3%
respectively. The main soluble products formed after prolonged incubation for 24 h with purified
endochitinase were chitobiose, chitotriose, and some chitotetraose at 56, 31, and 5%, respectively.
Even after 24 h, only 7% of the product was in the form of the monosaccharide.

1.8.2 Enzymatic hydrolysis of p-nitrophenyl-N-acetyl-D-glucosamine (pNP-GIcNAc)

Chromogenic measurements for chitinase activity monitor the changes in the molecular size
of substrate. This method is highly specific because of using different forms of synthetic substrate
for the assay of chitinase activity. For this method use p-nitrophenyl-chitooligosaccharices as
substrate to produce p-nitrophenol (pNP). It is convenint, rapid, highly specific, and can use for
quantitative and qualitative analysis, but the substrate is expensive and of no physiological
relevance (Roberts and Selitrennikoff, 1988; Trosmo and Harman, 1992).

Harman et al. (1993) assayed the chitinolytic endochitinase and chitobiosidase of the
fungus, Trichoderma harzianum, by measuring the release of nitrophenol from p-nitrophenyl-
N,Natiacetylchitobiose and p-nitrophenyl-N,N¢Naztriacetylchitotriose. The specific activity of
the purified endochitinase and chitobiosidase were calculated to be 2.2 and 127 nkat, respectively.
The large difference in specific activity of the endochitinase on p-nitrophenyl-N,NeNag
triacetylchitotriose versus chitobiosidase on nitrophenyl-N,Neediacetylchitobiose was probably
due to the fact that nitrophenyl-N,N¢ Netriacetylchitotriose is a poor substrate for endochitinase.

1.8.3 Enzymatic hydrolysis of 4-methylumbelliferyl-N-acetylglucosaminide (4-MU-
GIcNAc), 4-methylumbelliferyl- N,Nediacetylchitobioside [4- MU-(GIcNAc),] and
4-methylumbelliferyl- N,NeNagtriacetylchitotrioside [4-MU-(GIcNAc),], and
4-methylumbelliferyl- NN N atN astetraacetylchitotetraoside [4-MU-(GIcNAC) |

Enzyme assays that use fluorogenic substrates with 4-methylumbelliferone as aglycone are
very sensitive and allow selection of low levels of chitinolytic activity (O’Brien and Cowell,
1987: McCreath and Gooday, 1992). They have heen compared favorably with other methods for
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measuring chitinase (Hood, 1991; O’Brien and Cowell, 1987). Fluorogenic assays measure
hydrolysis of substrate which changes 4-methylumbelliferyl-chitooligosaccharides to
4-methylumbelliferone (4-MU), which is fluorescent. This product can be used to detect chitinase
activity on gels under ultraviolet light (Molano et al., 1977; Cabib, 1988).

4-MU  substrates have been proposed as a tool to distinguish between endo- and
exo-chitinase activities, 4 MU-GICcNAC for the determination of N-acetyl-b-D-glucosaminidase
activity, 4-MU-(GIcNAc), for the determination of exochitinase, and 4-MU-(GIcNAC),, 4-MU-
(GlcNAc), for determination of endochitinase (Robbins et al., 1988). Using this method a crude
protozoan enzyme exhibited predominantly an ‘exo” mode of action for chitinase activity
(chitobiosidase activity), producing 4-methylumbelliferone from 4-MU-(GIcNAc), 2.4 times
faster than from 4-MU-(GIcNAc),. The crude chitinase from Streptomyces antibioticus
(chitinase-49 and chitinase-63), on the other hand, showed an “endo’ types of action.

1.8.4 Hydrolysis of Natural substrates

No endogenous substrates in plants have been identified until recently. When hoiled
homogenates of bean plants were treated with bean endochitinase, no GIcNAc-containing
fragments were detected indicating that chitin-like substrates are not present in the plant (Boller
et al, 1983). However, recent immunochemical studies using gold-labelled wheat germ
agglutinin and bacterial chitinases revealed abundant GIcNAC residues in secondary walls of
plants (Benhamou and Asselin, 1989). The data suggested that the - GICNAc residues may be
present in the form of glycolipids whereas GIcNAc polymers analogous to chitin are absent.
In this context, it is noteworthy that rhizobia Rhizobium, Bradyrhizobium and Azorhizobium)
secrete lipo-chitooligosaccharides (nod factors). These signal molecules are tetramers and
pentamers of GICNAC in a beta-1,4 linkage with an acyl group at the non reducing residue
(Lerouge et al., 1990; Roche et al., 1991; Spaink et al., 1991). These nod factors are a new class
of signal molecules that, at very low concentrations (107-10" M), trigger root hair deformation,
nodule primordium formation for establishing specific symbiolic interations with leguminous
plants (Lerouge et al., 1990; Roche et al,, 1991; Spaink et al., 1991; Truchet et al., 1991) and
elicit infection-related processes (Van Brusel et al, 1992). It has heen proposed that plant
chitinases might interfere by hydrolyzing these hacterial lipo-oligosaccharides Roche et al.,
1991; Staehelin et al., 1992). Endogenous pea and bean chitinases have no influence on the pea or
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bean nod factors, but soybean chitinase can inactivate the soybean, pea and bean factors. It has
been postulated that rhizobial nod factors resemble comparable glycolipid compounds of plant
origin (Fisher and Long, 1992). If the endogenous glycolipids are indeed substrates for chitinases,
then the products might act as plant signal molecules (Fisher and Long, 1992; Spaink, 1992;
Truchet etal., 1991). Spaink et al (1992) observed molecules which migrate similarly to rhizobial
lipo-oligosaccharides in TLC by following chitinase treatment of butanol extracts from Lathyrus
flowers.
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Source MW | Substrate | Activity| Specific | K, | Vmax | Reaction
(kDa) | used | (UMml) | activity (mmol | Products
(Ulmg per Imin/mg )
protein)
Plant
Bean leaf 325 |[H]-chitin| 72 | 144 ]0007| 012 | (GlcNAc),
(Phaseolus vulgaris) mM (GIcNAc)
(ethylene treated) (GIcNAc)
(Boller etal,, 1983)
Barley 26 |(GlcNAc), 0003 | 12X10°
(Hordeum vulgare L) 4-MU- 0033 | 12X10°
(Hollis etal., 1997) (GleNAc), mM
Bulbs of Gladious 30 | Glycol- | 5112 | 159.7 (GleNAc),
(Gladiolus gandavensis)| 32 | chitin | 28.35 | 135. (GlcNAC),
(Yamagami et al., 1997) (GIcNAc),
Carrot (Daucus carota) | 395 | Glycol- | 40 | 166.7
(Zhang et al.,1996) chitin
Latex 255 |[*H]-chitin| 37
(Hevea brasiliensis) 26.0 91 19
(Martin, 1991) 215 33 6.9
Pea (Pisumsativum) | 33 |[H]-chitin] 12 | 177
(Mauch et al., 1988) 36 34 12.7




34

Table 1.3 (continued)
Source MW | Substrate | Activity| Specific | K, | Vmax | Reaction
(kDa) | Used | (Uml) | activity (mmol | Products
(Ulmg per Imin/mg )
protein)
Sorghum seeds 24 |CM-chitin- 142
(Krishnavenietal., | 28 | RBV 6.05
1999) 3 20
Tobacco (class |) 34 | [*H]-chitin 13nkat | 23 35
(Nicotiana tabacum) Img mM
(Iseli etal., 1993)
Tomato 31 | Colloidal | 22 | 1222 | 1046 | 978 n§ | (GIcNAC),
(Lycopersicon chitin mg dry | GIcNAc/ fhigher oligo-
esculentum) wt Iml | saccharide
(Pegg, 1988) chitin/ml
Wheat germ 30 [[HJ-chitin| 7.29 | 146 2 (GleNAg),
(Moana et al., 1979) mM (GlcNAc),
(GIcNAc),
Yam tuber 335 | Glycol- 0.639
(Dioscorea opposita) chitin mg/dry
(Arakane et al., 2000) wt
chitin/ml
Insect
Hornworm 5 PH- 0.6mM
(Manduca sexta) Glycol-
(Huang et al., 2000) chitin
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Table 1.3 (Continued)

Source MW | Substrate |Activity| Specific | Ky, | Vmax | Reaction

(kDa) | used | (U/ml)| activity (mmol | Products
(Ulmg per Imin/mg )
protein)

Blowfly 83 | [*H]-chitin 0.043 | 133.23
(Lucilia cuprina) mM
(Londershausen et al.,
1996)
Stable fly 48 | [*H]-chitin 33 (GIeNAC),
(Stomoxis calcitrans) mM some
(Chenetal., 1982) GleNAC
Spider 48 |[*H]-chitin (GIcNAQ),
(Cupiennius salei) some
(Mommsen, 1980) (GIeNAC),
Bacterial
Bacillus circulans 70 | 4-MU- 36
(Watanabe, 1993) (GlcAc), mM
Saccharomyces [*H]-chitin 39 (GlcNAG),
cerevisiae mM
(Correaetal, 1982)
Streptomyces 30 [[H]-chitin| 625 | 420 | 05 (GIcNAG),
antibioticus mM

(Jeuniaux, 1966)




Table 1.3 (Continued)

Source MW | Substrate |Activity | Specific | K, |Vmax| Reaction
(kDa) | Used | (U/ml) | activity (mmol| Products
(Ulmg per fmin
protein) Img)
Streptomyces 30 | Glycol- 216 - | (GIcNAc),
Erythraeus chitin
(Haraetal., 1989)
Streptomyces griseus [*H]-chitin 5mM (GlcNAc),
(Jeuniaux, 1966)
Serratiamacrescens | 58 |[*H]-chiin| 184 | 133 |44mM (GleNAg),
(Cabib, 1988) some
(GIcNAc),
fungal
Fusarium 40 | Colloidal | 180 200
chlamydosporum chitin
(Mathivanan et al,
1998)
Trichoderma 37" | Colloidal- 2.8 05 mainly
harzianum 42 | chitin 6.54 | 1.0mg (GIcNAc),
(DE LA CRUZ etal, dry wt some
1992) chitin/ml (GlcNAc),
(GlcNAc),
GIcNAC
Verticillium albo- | 64 | Colloidal | 16 432 | 97ng (GlcNAc),
atrum chitin dry wt
(Pegg, 1988) chitin/ml
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1.9 The catalytic mechanism of family 19 chitinases

The most important aspect of chitinase catalysis is the stereochemistry of the catalyzed
reaction. Acid-catalyzed glycosidic hydrolysis may proceed to yield a hydrolysis product with
either retention or inversion of anomeric configuration (at Cld relative to the starting
conformation and this will indicate whether one chemical transition state or two are involved in
the pathway. All of the family 19 chitinases reported to date yield the a-anomer the hydrolysis
product of the inverting mechanism (Fukamizo et al., 1995).

The X-ray crystal structure of a family 19 plant endochitinase from barley Hordeum
vulare L.) seeds (Hart et al., 1995) reveals two well-separated acidic residues in the active site
and inverting mechanism requires these two largely separated acidic residues within the active
site. The hydrolysis products for two family 19 chitinases show inversion of the anomeric
configuration (Fukamizo et al., 1995; Iseli et al., 1996). These results led to the conclusion a
single displacement mechanism is used for family 19 chitinases (Figure 1.8). The single
displacement mechanism requires one acidic residue to act as a general acid and the other as a
general base, activating water for a concerted nucleophilic attack at C1e The single displacement
mechanism proposed for family 19 chitinases necessarily involves an intermediate with
considerahle oxocarbenium ion character. The hasic mechanism involves the following features:
an acid catalyst donates a proton to the b-1,4-glycosidic oxygen linking the sugar residues in the
substrate; the other acid residue acts as a general base, to activate the water molecule for
nucleophilic attack; and a conformation change occurs within the active site to bring the
oxocarbenium ion intermediate to product with inversion of the anomeric configuration.

Brameld and Goddard (1998) have examined the binding of hexaGIcNAC substrate and two
potential hydrolysis intermediates (an oxazoline ion and an oxocarbonium ion) in the family 19
barley chitinase by computational methods. They found the hexaGIcNAC substrate most likely
binds with all sugars in a chair conformation, unlike the family 18 chitinase, which causes
substrate distortion. Glu 67 is in a position to protonate the anomeric oxygen linking sugar
residues D and E whereas Asn 199 serves to hydrogen hond with the C2¢ N-acetyl group of
sugar D, thus preventing the formation of an oxazoline ion intermediate (Figure 1.9). In addition,
Glu 89 is part of a flexible loop region allowing a conformational change to occur within the

active site to bring the oxocarbenium ion intermediate and Glu 89 closer by 4-5 A . A hydrolysis
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product with inversion of the anomeric configuration occurs because of nucleophilic attack by a
water molecule, which is coordinated by Glu 89 and Ser 120 to bond in the a-conformation. So
family 19 chitinases use a single displacement mechanism to hydrolyze their substrates
(Figure 1.8).

R=GIcNAc Oxocarbenium lon

H
X
Y

Figure 1.8 Pathway of the single displacement hydrolysis mechanism proposed for the inverting
family 19 chitinases. (Brameld and Goddard, 1998)
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1.10 Antimicrobial Activity

Wang and Chang (1997) determined the antibacterial properties of chitinases | and II from
Pseudomonas aeruginosa K-187 grown in a shrimp and crab shell powder medium. The reaction
mixtures containing 1.5 ml of the cell suspension of the substrate and 1.5 ml of the purified
enzyme (2 mg/ml) was used as the Iytic enzyme for measurement of growth inhibition at 37°C for
30 min, and the enzyme activity was determined spectrophotometrically by measuring the
decrease in optical density at 660 nm. The bacteria cell-lytic activities of the type | and Il
chitinases against both gram-negative and gram-positive bacteria were examined. The two
chitinases showed potent activities toward S. aureus, P. aerugious M-1001, and P. aeruginosa
K-187.

The difference in antifungal activities in plant, bacterial, and fungal chitinases have been
explored. Plant chitinases can inhibit growth of fungus, but most fungal and bacterial chitinases
cannot inhibit fungal growth (Roberts and Selitrennikoff, 1986) (table 1.4).

Krishnaveni et al. (1999) have shown that three sorghum seed chitinases inhibited the
growth of Trichoderma viride and Rhizoactonia salani at a concentration of 1ng/5 mm disc and
Fusarium moniliforme at a concentration of 5 ng/5 mm disc, but these enzymes did not inhibit the
growth of P. irregulare which lacks chitin in its cell wall.

Iseli et al. (1993) have examined cysteine-rich domain (CBD) for its affects on the
biochemical and functional characteristic of chitinase. Chimeric genes encoding the basic
chitinase A of tobacco (Nicotiana tabacum) with and without this domain were constructed and
constitutively expressed in transgenic Nicotiana sylvestris. The chitinases were subsequently
isolated and purified to homogeneity from the transgenic plants. Both chitinases were capable of
inhibiting growth of Trichoderma viride, although the form with the CBD was about three times
more effective than the one without CBD. Thus, the CBD is not necessary for catalytic activity
but improves antifungal activity of the enzyme.



41

Table 1.4 Comparison of antifungal and enzyme activities from plant, bacteria, and fungus. The
minimum amounts of chitinase (ng protein per 5 mm disc) required to produce detectable fungal
growth inhibition are shown.

Source Fungus (mg protein)

A. thaliana (Verburg and Huynh, 1991) As (8), Fo(8), Gg (8), Pm (8),
Ss(8), Tr(0.5)

Barley (Henrik etal,, 1991) Fs(L5),Ph(3), Tr(L5)
Bean (Boller et al., 1988) Tv(2)
Carrot (Zhanget al., 1996) Ts (5)
Cucumer (Zhang and Punja, 1994) Ts (4)
Maize (Roberts and Selitrennikoff, 1986) Pb(3), Tr(1)
Sorghum seeds (Krishnaveni et al., 1999) Fm (5), Pi(NI), Rs (1), Tv (1)
Tohacco (Sela-Buurlage et al., 1993) Fs(5)
Wheat (Roberts and Selitrennikoff, 1986) Pb (10), Tr(0.3)
Pseudomonas stutzeri (Roberts and Selitrennikoff, 1986) | Pb (>50), Tr (>50)
Serratia marcescens(Roberts and Selitrennikoff, 1986) Pb (>50), Tr (>50)
Streptomyces griseus (Roberts and Selitrennikoff, 1986) | Pb (>50), Tr (>50)
Fusarium cklamydosporum (Mathivana et al., 1998) Pa (30)

Trichoderma harianum (CHIT 42) (De La Cruz etal,, 1992){ Bc (10)

As : Alternaria solani Bc : Botrytis cinerea Fm : Fusarium moniliforme
Fo : Fusarium oxysporum Fs . Fusarium sporotrichioides  Pa: Puccinia arachidis

Gg : Gaeumannomyces graminis Pb : Phycomyces blakesleeanus Pi: Pythium irregulare

Pm : Phytophthora megasperma Rs : Rhizoactonia salani Ss.: Sclerotinia sclerotiorum
Tr : Trichoderma reesei Ts : Trichoderma sp. Tv : Trichoderma viride

NI = not inhibit
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1.11 Leucaena leucoccephala de Wit

Leucaena leucocephala de Wit is in the genus Leucaena, family Leguminosae and
subfamily Minosoideae. The genus Leucaena includes about 50 species of trees and shrubs that
are native to central America and southeast Asia. Humans have used leaves, lugums (pods), and
young seeds of at least 4 Leucaena species for food (Brewbaker at al., 1970).

Leucaena leucocephala de Wit, the most widespread species of the genus, is considered
pantropical. This species is evergreen when moisture is not a limiting factor. It is a drought-
tolerant, branchy, abundantly flowering, and aggressive shrub or small tree with finely divided,
light green, bipinnate leaves. The leaflets, about 15 pairs, are 1-1.5 cm. long, opposite,
asymmetrical and slightly curved. The flowering heads grow in clusters from branch ends. The
individual flowers are white, the head turning brown as it matures. Blooming time: summer. The
spherical, whitish flower heads are 2.0 to 2.5 cm in diameter and are borne on stalks 2 to 3 cm
long at the ends or sides of twigs (Parrotta, 1992). The pods are flat, about 15 cm long, green
when immature, turning brown with age. The oval seeds are flat, brown and glossy. It has been
widely planted in the tropics for fodder and firewood. It is quickly becoming a nuisance tree, out
competing many native species (Dagumacet al., 1988).

Leucaena leucocephala is easily propagated from seed. Seeds need to be scarified or
treated with boiling water (80°C) for 3-4 min, followed by soaking in water at room temperature
for up to 12 hours or soaking in concentrated sulfuric acid for 15 to 30 min. Scarification may be
followed by inoculation with nitrogen-fixing Rhizobium bacteria (mixed with finely ground peat)
after coating the seeds with a gum arabic or concentrated sugar solution (Parrotta, 1992).
Germination rates are commonly 50-98% for fresh seeds (Daguma et al., 1988). Scarified seeds
germinate 6-10 days after sowing but unscarified seeds germinate 6-60 days after sowing
(Parrotta, 1992).

Paudel and Upasena (2000) have used green leaf manure of L. leucocephala for growing
rice (Oryza sativa) cultivar Suphan Buri 90. The results were revealed that application of green
leaf manure nitrogen at 120 kg/ha from Leucaena produced yield and agronomical component
rice similar to that obtained from nitrogen at 60 kg/ha from urea. The increase in grain yield over
control treatment in green leaf manure treated plots was from 19-49%. Thus, Leucaena is of
potentially economic importance in agriculture aside from its own use as a food or herhal
medicine.
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1.12 Objectives
The objectives of this thesis include:

1) To determine the amino acid sequence of chitinase enzyme from germinated Leucaena
leucocephala de Wit by DNA sequence determination and analysis; 2) To determine the catalytic
properties of the enzyme purified from germinated seeds and expressed from the cDNA in E.coli;
3) To compare the chitinase activity from the chitinase gene expressed in E.coli to that of
chitinase purified from 4-week-old seedlings; 4) To determine the antifungal activity of the
L. leucocephala chitinase on 14 fungal strains.



Chapter Il
Materials and Methods

2.1 Materials

2.1.1 Plant Material

Leucaena leucocephala (L. leucocephala) seeds were collected from trees at Suranaree
University of Technology and Lumtaklong Dam, Nakhon Rachasima. For Nested PCR and
3¢RACE, the seeds were sown for 5 days in moist filter paper. For construction of cDNA library
and 5¢RACE, the seed covers were cut and the seeds were sown for 2 days in moist filter paper
and grown in a growth chamber at 25°C with a 15-h/day light period for 1 week and they were
transferred to long day conditions in the greenhouse for 3 weeks. For purification of chitinase
from the plant and amplification of full-length cDNA for expression in E.coli, the seeds were
soaked for 4 days in water and grown in soil for 3-4 weeks.

2.1.2 PCR primer

Degenerate oligonucleotides were ordered from Gibco BRL, Life Technologies, Grand
Island, NY, USA as show in Table 2.1. The primers for 3¢RACE and 5¢RACE were designed for
the initial chitinase PCR-amplified cDNA fragment and ordered from the National Science and
Technology Development Agency (NSTDA) BIOSERVICES UNIT (BSU, Thailand) and for the
final chitinase PCR-amplified cDNA fragment were ordered from the Expedite Nucleic Acid
Synthesis System (Workstation), Tsukuba, Japan as shown in Table 2.2. The primers for
expression in E.coli were designed without prepeptice for pET23d, which were ordered from the
NSTDA BSU (Thailand) and for pET32a ordered from Geneset Oligos Ltd. (Singapore) as show
in Table 2.3.

2.1.3 Cloning and expression vectors, and host cells
The pGEM-T plasmid vector (shown in Appendix A) systems were purchased from
Promega (Madison, W1, USA) and pT7blue T-vector (shown in Appendix A), pUC19 vector
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(shown in Appendix A) were purchased from Takara (Tokyo, Japan). They were used to clone
PCR products with the recommended protocol. Escherichia coli strain DH5a were generally used
as host cells for amplification of recombinant plasmids. Plasmid expression vector pET23d
(shown in Appendix A), pET32a (shown in Appendix A), BL21 (DE3), and Origami (DE3) E.coli
were from Novagen (Madison, WI, USA).

Table 2.1 Degenerate oligonucleotide primer sequences derived from conserved peptide
sequences for amplification of the initial cDNA fragment of L. leucocephala chitinase by Nested
PCR.

Primer name | Peptides sequences (restriction Site) Nucleotide sequences
Chit19E191f |E-I/VIL-A-A-F-FIL-AIG-Q-T 5¢GA(AIG)(A/G)TIGCIGCITT(TIC)
(outer forwara) (TIC)TIG(GIC)ICA(A/G)AC-3¢
Chit9H201f |(BamH I)-H-E-T-T-G-G-W 5¢CTGGATCCA(TIC)GA(A/G) ACIA
(inner forward) CIGGIGGNTGG-3¢

Chitl9P301r | (XhoI)-P/A-T-M-W-F-W-M/F/I-A| 5¢AACTCGAG(GIC)IGTCATCCA
(inner reverse) (A/G)AACCAIA(AIT)NGC-3¢
Chit19A326r | G-F/Y-G-P-VIL-R-N/GIR-A 5¢CC(A/G)(AIT)AICCIGGIA(C/GIA)IC
(outer reverse) (TIC)I(T/C)(T/CIG)NGC-3¢

Table 2.2 Primers sequences used for 3¢RACE and S5RACE. Primers QT, KB-1f, and KB-1r
were used for 3eRACE and KB-1f, KB-2r, KB-3r, and KB-4r were used for 5¢RACE.

Primer name Nucleotide sequences

QT 5¢CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCTTTTTTTTT
TTTTTTTT-3¢

KB-1f 5¢TCCTTACGCCTGGGGTTACTGC-3¢

KB-1r 56¢CAGTGAGCAGAGTGACGAGGACTC-3¢

KB-2r 5¢GCACATGGATATTGG GAGCTGGG-3¢

KB-3r 5¢CTCCCTCTTGCGCGTGGC-3¢

KB-4r 5¢CGTCGTTGCGGTGTTGAGCATC-3¢
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Table 2.3 Primer for amplification of cDNA for expression. Primer sequences were derived from
the full-length nucleotide sequences for amplification of the protein coding sequence without the
prepeptice of the L. leucocephala chitinase cDNA. Chi-Ex1f (forward) and Chit-Ex1r (reverse)
primers were used for pET23d, KBEX-2F (forward) and KBEX-2R (reverse) primers for
PET32a.

Primer name Nucleotide sequences
Chi-Exlf | 56CCATGGAGCAATGCGGCAGAC-3¢
Chi-Exlr | 5¢CTCGAGGAGGACGTCGATGAG-3¢
KBEX-2F | 5¢CCCATGGAGCAATGCGGCAGA-3¢
KBEX-2R | 5¢CCTCGAGGAGGACGTCGATGA-3¢

2.1.4 Chemicals and molecular reagents

Acrylamide, bis-N,Ne¢acrylamide, ammonium  persulfate, N,N¢NapNcstetramethyl-
ethylenediamine (TEMED), sodium dodecyl sulfate (SDS), Sephadex G-100, cDNA synthesis kit,
lysozyme, triton X-100, and PhasGel blue R were purchased from Amersham Pharmacia Biotech
(Uppsala, Sweden). Restriction endonucleases including BamH 1, Nco I, and Xho | were
purchased from New England Biolabs (Beverly, MA, USA). Ammonium sulfate, bromophenol
blue, Folin reagent, chloroform, copper sulfate, sodium hydroxide, methanol, ethanol, sodium
bicarhonate, sodium dihydrogen phosphate, glacial acetic acid, hydrachloric acid, HPLC water,
and disodium ethylenediamine tetraacetate (EDTA) were purchased from Carlo ERBA (Rodano,
Milano, Italy). Bacteriological peptone, yeast extract, and agar were purchased from DIFCO
(Grayson, USA). Coomassie brilliant blue G-250, sodium chloride, imidazole, phenyl-
methylsulfonyl fluoride (PMSF), diethyl pyrocarbonate, ethidium bromide (EtBr), and
magnesium chloride were purchased from Fluka (Steinheim, Swizerland). Superscript Reverse
Transcriptase 1, RNase H, Msp I, and Nsp | were purchased from Gibco-BRL. Ampicillin,
sodium tetraborate, and horic acid were purchased from Merck (Damslaat, Germany). YM-10
Amicon filters were purchased from Millipore Corporation, Bedford, USA. Agarose,
deoxyribonucleotide (dATP, dCTP, dGTP,dTTP), X-Gal, PolyATtract mRNA isolation systems
IV, Taq polymerase, Pfu DNA polymerase, T4 DNA ligase and restriction endonucleases
including, BamH 1, EcoR I, Hinc II, Nco I, Pst I, Sac I, Xho I were products from Promega.
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QIA prep spin Mini prep kit, and Ni-NTA superflow were purchased from QIAGEN. Bovine
serum albumin (BSA), isopropyl-k-D-thiogaltopyranoside (IPTG), Tris-hydroxymethylene-
diamine, polyvinylpolypyrrolidone (PVPP), dimethylaminobenzaldehyde (DMAB), chitin flakes
from crab shells, chitosan, purified chitin powder from crab shells, chitosan b-mercaptoethanol,
chloroform/isoamyl alcohol  (24:1), RNase Zap, p-nitrophenyl-N-acetylglucosamine,
p-nitrophenyl-N,Nediacetylchitobiose, p-nitrophenyl-N,N¢Ndgtriacetylchitotriose, N-Acetyl-b-
D-glucosamine, N,N ¢diacetylchitobiose, N,N¢Ndbtriacetylchitotriose, and N,NGN dtetraacetyl-
chitotetraose were purchased from Sigma. Lambda gt11 was purchased from Stratagene. 5¢Full
RACE Core Set and P** label isotope were purchased from TaKaRa, Japan. All chemicals used
were analytical reagent grade or molecular biology grade. Geneclean Il kit was produced from
BIO 101, Inc., La Jolla, USA. ABI PRISM Dye terminator cycle sequencing kit was produced
from Perkin Elmer Applied Biosystems Inc., Branchburg, NJ, USA. Other chemicals and solvents
used but not listed were analytical or molecular biology grade and were purchased from a variety
of suppliers.

Glycol chitin was synthesized according to the method of Trudel and Asselin (1988) from
glycol chitosan.

Fourteen type strains of fungi for test chitinase activity were from the Plant Pathology and
Microbiology Division, Department of Agriculture, Ministry of Agriculture and Cooperatives,
Bangkok, Thailand and Department of Biology Faculty of Science, Chiang Mai University,
Chiang Mai, Thailand. There were Anthacnose collectotrichum, Cerospora sp., Cladosporium sp.,
Collectotrichum sp. 1 and 2, Drechslera sp., Fusarium sp, Fusarium monoliforme, Fusarium
oxysporum, Pestalestiopsos sp. 1, 2, 3, and 4, and Sclerotium sp.

2.2 Methods

2.2.1 Cloning and sequencing of the initial chitinase fragment
2.2.1.1 Oligonucleotide primer design
To perform PCR reactions, two sets of oligonucleotide primers were designed from
amino acid sequences in plant chitinase family 19 from Swiss-Prot database by using the
computer programs of Feng and Doolittle (1996) to build multiple sequence alignments of known
chitinase sequences from which conserved sequences were identified. Conserved protein
sequences were translated to yield possible nucleotide sequences. Degeneracy was calculated
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as the total number of sequences possible from the combination of based each protein and
sequences with lowest degeneracy were used to make Nested [Chit19H201f (inner forward),
ChitL9P301r (inner reverse), Chitl9E191f (outer forward), and Chit19A326r (outer reverse)]
primers for PCR as shown in Table 2.1.
2.2.1.2 Total RNA Isolation
Isolation of total RNA from cells and tissues were done using TRIZOL Reagent
(GIBCO-BRL, Life Technologies, Grand Island, NY) as developed by Chomczynski and Sacchi
(1987). One hundred micrograms of germinated L. leucocephala seeds were homogenized using a
cold mortar and pestle in liquid N, and transferred into a new sterile microtube containing 1 ml of
Trizol reagent. The homogenized sample was incubated for 5 min at room temperature, followed
by adding 0.2 ml of chloroform. The mixture was mixed vigorously by hand for 15 sec, incubated
at room temperature for 2-3 min, and then centrifuged at 12,000 x g for 1 min at 4C. The
colorless upper aqueous phase containing RNA was transferred into a fresh tube. The RNA was
precipitated from the aqueous phase by mixing with 0.5 ml of isopropyl alcohol, incubating at
room temperature for 10 min, and pelleting by centrifugation at 12,000 x ¢ for 10 min at 4°C. The
pelleted RNA was washed with 75% (v/v) ethanol (in DEPC-treated water) and dried briefly at
37°C. Finally the dried RNA pellet was resuspended in 20 rd of DEPC-treated water. The RNA
solution was immediately used to synthesize first strand cDNA, as described in next step, or kept
at -70°C. The concentration of the RNA solution was determined by measuring the UV
absorbance at 260nm of a L nd aliquot, diluted to 1 ml in distilled water. One absorbance unit is
equivalent to 40 ng/ml RNA. The purity of RNA was indicated with absorbance of Ayy/An, ratio
between 1.80-2.00.
2.2.1.3 First-strand cCDNA synthesis
The extracted total RNA was used as the template for the synthesis of first-strand
cDNA using Superscript Reverse Transcriptase Il (GIBCO-BRL). The reaction mixture was
composed of 5 nf) total RNA, 1+ Oligo (dT),; (500 ngy/ml) and sterile distilled water up to 12 nd.
The mixture was heated at 70°C for 10 min and quick chilled on ice. The contents of the tube
were collected by brief centrifugation and 4 f of 5X First Strand Buffer (250 mM Tris-HCI,
pH 8.3, 375mM KCl and 15 mM MgCl,) , 2 nd 0f 0.1 M DTT, Lrd 0f 10 mM dNTP mix (10 mM
each dATP, dGTP, dCTP and dTTP at neutral pH) were added. The contents of the tube were
mixed gently and incubated at 42°C for 2 min. Then, 1 l (200 units) of SUPERSCRIPT 11 was
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added and mixed by pipetting gently up and down. The mixture was incubated at 42°C for
50 min, and the reaction was stopped by heating at 70°C for 15 min. To remove RNA
complementary to the cDNA, 1 o (2 units) of E. coli RNase H was added and incubated at 37°C
for 20 min. The cDNA was used as a template for amplification in PCR.

2.2.1.4 DNA amplification by polymerase chain reaction (PCR)

DNA amplification by polymerase chain reaction (PCR) was performed using 10%
of the first-strand cDNA reaction as a template with the same components, but different primers,
DNA templates and amplification conditions for amplification of different products. The reaction
mixture was composed of 2.5 first-strand cDNA, 0.5 nd 10 pmol forward primer, 1 nd 10 pmol
reverse primer, 2.5 2 mM dNTPs mixed, 1.5 rd L5 mM MgCl, 2.5 nd 10X PCR buffer
(500 mM KCI, 100 mM Tris-HCI, pH 9.0 and 1% Triton X-100), 0.25 rd (LU) Tag Polymerase
(5 unit/rd) and autoclaved distilled water to make the volume upto25 ni.

Two sets of Nested PCR programs were used for inner and outer primers as shown in
Table 2.4, Table 2.5 respectively.

2.2.1.5 DNA analysis

The amplified PCR products were analyzed on 0.8% agarose gel electrophoresis in
1X TAE buffer (0.04 M Tris-HCI, 0.04 M acetic acid, 0.001 M EDTA (pH 8.0)). Aliquots of
DNA samples were mixed 5:1 with 6X loading dye (0.25% bromophenol blue, 0.25% xylene
cyanol FF and 30% glycerol). The sample in loading dye and the DNA marker were applied to the
gel wells. Electrophoresis was performed at constant 80 V for 1h 30 min using 1X TAE buffer.
After electrophoresis the gel was stained with ethidium bromide solution (0.1 ng/ml EtBr) for
10 min and destained with distilled water. The band in the gel was visualized by UV light
transillumination at 254 nm,

2.2.1.6 Purification of DNA fragment in polyacrylamide gel

The DNA on agarose gel was extracted by using polyacrylamide gel. A mixture of
DNA product was separated on a TBE (0.09 M Tris-HCI, 0.09 M boric acid, 0.002 M EDTA
(pH 8.0)) 5% polyacrylamide gel. The DNA bands on the polyacrylamide gel were visualized
under UV light, and transferred into 1.5 ml microtubes. The polyacrylamide gel was ground with
ateflon pestle and suspended by adding 3 volumes of 0.5 M NH,CH,CO,, 10 mM MgCl,, 1 mM
EDTA, and 0.1% of SDS, then the solution was mixed by vortex and shaken overnight.
The mixture was separated by centrifugation at 10,000 x g for 3 min, the solution was transferred
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to a new tube and 3 volumes phenol/chloroform was added. Then, the DNA was precipitated by
adding /10 volume 3 M sodium acetate pH 5.2 and 2 volumes absolute ethanol and incubating at
~20=C for 5 min. The DNA mixture was centrifuged at 14,000 x g for 10 min at 4°C, the DNA
pellet was washed with 1 volume 70% ethanol and the DNA was dissolved with 10 nd of sterile
distilled water. The concentration of DNA solution was determined by measuring the absorbance
at 260 nm.

Table 2.4 First set of Nested PCR program

Cycle Step Temperature (°C) Time
Prerunning Denaturation 94 5min
1-5 denaturation 94 305
annealing 45 L min
extension 12 L min
6-35 denaturation 94 305
annealing 50 1 min
extension 12 1 min
Postrunning extension 12 7min
Table 2.5 Second set of Nested PCR program
Cycle Step Temperature (<C) Time
Prerunning denaturation 94 5min
1-5 denaturation 94 305
annealing 45 1 min
extension 12 1 min
6-35 denaturation 94 305
annealing 52 1 min
extension 12 1 min
Postrunning extension 12 7min
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2.2.1.7 Ligation of DNA fragment into vector and transformation of competent
cells

Ligation of gel-purified PCR products into pGEM-T vector was done according to
the plasmid supplier’s recommendation. The reaction mixture (10 ml) was composed of 0.5 rr of
PGEM-T vector (50 ng/rd), 7.5 nl of eluted DNA fragment (10-50 ng), 1 rd of 10X ligation
buffer, and 1 ml of T, DNA ligase. The mixture was incubated at 14°C overnight. A 100 n
aliquot of fresh or frozen competent cells was thawed on ice. The ligation mixtures were added to
thawed competent cells, mixed gently by swirling and the tube store on ice for 30 min. The cells
were heat shocked at 42°C for 90 sec and the tube rapidly transferred to ice for 2 min, The
transformed cells were grown by adding 800 i of SOC medium (20 g/l trytone, 5g/1 yeast
extract, 0.01 M NaCl, 0.0025 M KCI, 0.005 M MgCl,, 0.005 M MgSO,, and 0.02 M Glucose) and
incubated the cultures at 37°C for 1 h. This culture was spread on LB plate containing 100 ng/ml
ampicillin, 0.5mM IPTG, and 40 ng/ml X-Gal (LB/amp/IPTG/X-Gal), and the plate was
incubated overnight at 37°C. The recombinant clones were identified as white colonies with non
recombinant plasmid colonies staining blue.

2.2.1.8 Preparation of competent cells

Competent DH5a E. coli cells were used to prepared using the modified CaCl,
method (Hanahan, 1983). A single colony of E. coli was inoculated into 100 ml of LB broth and
incubated the culture for 10 h at 30°C at 55-70 rpm shaking until the optical density (OD) at
600 nm was approximately 0.5. The cells were transferred into sterile disposable, ice cold 50 ml
polypropylene tube, chilled on ice for 10 min and the cells were recovered by centrifugation at
3,000 x g for 10 min at 4°C. The media was decanted from the cell pellets, and each pellet was
resuspended in 15 ml of ice cold TB buffer (10 mM PIPES, 20 mM CaCl,, 250 mM KCI, and
100 mM MgCl,) and stored on ice and pelleted by centrifugation in the same condition.
The supernatant from the cell pellets was decanted, and the tube was placed in an inverted
position for 1 min to allow the last traces of fluid to drain away. Each pellet was resuspended in
2.79 ml of ice cold TB buffer and 0.21 ml of dimethyl sulfoxide for each 50 ml of original
culture. Then, 100 nd aliquots of competent cells were transferred to sterile microtubes. These
competent cells were transformed immediately or kept at -70°C.
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2.2.1.9Plasmid isolation using QIA prep Spin Miniprep Kit

The QIAprep spin Miniprep protocol was used to purify plasmid for sequencing
using the recommended protocol (QIAGEN, 1999). A white colony was grown in LB broth with
100 ng/ml ampicillin at 37°C overnight. Cells were pelleted from three milliliters of culture by
centrifugation at 3,000 x g for 10 min. The cell pellets were resuspended in 250 nd of P1 buffer,
followed by adding 250 nd of P2 buffer. The mixture was gently mixed by inverting the tube
4-6 times. Then 350 il of N3 buffer was added and the tube immediately inverted. The DNA
solution was separated hy centrifugation at 12,000 x g for 10 minat 4=C. A QIAprep spin column
was placed in a 2 ml collection tube. The DNA liquid supernatant was applied into the QIAprep
column, followed by centrifugation at 12,000 x g for 30-60 sec. The plasmid solution was packed
into column and it was washed with 0.5 ml of PB buffer then with 0.5 ml PE buffer. Plasmid was
eluted from column by adding 50 rd of EB buffer (elution buffer) (10 mM Tris-HCI, pH 8.5) to
the center of QIA prep column, leaving it to stand for 1 min and centrifuging at 14,000 x g for
1 min. The concentration of plasmid solution was determined by measuring the absorbance at
260 nm. One ahsorbance unit was assumed to be equivalent to a plasmid concentration of
50 ng/ml. The purity of DNA was indicated by an A260/280 absorbance ratio between 1.60-1.80.

The size of recombinant plasmid insert was determined by digestion at the Pst I and
Sac 11 sites present in the pGEM-T plasmid. The reaction mixture contained 1 nd purified
plasmid, 1 nd Pst I (10 unit/rd), 1 i Sac 11 (10 unit/ml), 1 o 10X buffer H and 6 rl distilled
water. The mixture was incubated at 37°C overnight, and 0.8% agarose gel electrophoresis was
carried out to determine the DNA insert size.

2.2.1.10 DNA sequencing and analysis

The purified DNA sample was sequenced in cycle-sequencing using the ABI PRISM
dye labeled terminator kit with the recommended protocol. The reaction mixture was composed
of 4 nd of Terminator Ready Reaction Mix, 1 nd purified plasmid DNA (100 ng/r), 1 nd primer
(3.2 pmol/rd) and 4 rd distilled water. Amplification was performed using the Gene Amp PCR
system. The program was conducted by rapidly increasing the temperature to 96°C, followed by
25 cycles of 96°C for 20 s, 50°C for 10 s and 72°C for 4 min. The amplified products were
purified by ethanol precipitation as described in the kit manual and loaded onto an ABI 310 DNA
automated sequencer. The determined cDNA fragment sequence of L. leucocephala chitinase was
searched to find confirm its relationship to known chitinases using BLASTX at the Basic Blast
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facility of the Genbank database at the National Center for Biotechnology Information
(http:/www.ncbi.nim.nih.gov). The DNA sequence was further interpreted, converted to single
letter amino acid code, and analyzed using the sequence analysis programs from the Baylor
College of Medicine (BCM) Search Launcher Index (http://www.hgsc.bcm.tme.edu).

2.2.2 DNA amplification by using 3¢RACE method

Total RNA from L. leucocephala seedlings were extracted using TRIZOL Reagent
as described in method 2.2.1.2. First strand cDNA synthesis was performed with the QT primer.
The mixture was prepared by using method 2.2.1.3 with 10 pmol QT primer, a universal primer.
After the reaction was finished, the reaction was treated with L nd of RNase H to destroy the RNA
template by incubating at 37°C for 20 min. For DNA amplification, the reaction mixture was
composed of cDNA reaction with 10 pmol KB-1f primer (derived from the chitinase cDNA
fragment sequence) and 10 mM KB-1r primer (derived from the QT primer internal sequence)
and amplified using the program described in Table 2.6. The PCR product was analyzed by
0.8% agarose gel electrophoresis. The specific PCR product (expected size about 650 bp) was
eluted from the polyacrylamide gel as described previously in method 2.2.1.6, cloned into
nT7blue T-vector at EcoR V site and the clones sequenced by standard methods. The sequence
was analyzed by using the computer program GENETYX Mac version 9.0 (Software
Development, Shibuya-ku, Tokyo, Japan).

Table 2.6 Set of 3¢RACE PCR program

Cycle Step Temperature (°C) Time
Prerunning denaturation 94 5 min
1-35 denaturation 94 10

annealing 58 10
extension 12 305
Postrunning extension 12 7min
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2.2.3 Northern bolt analysis

2.2.3.1 RNA isolation by CTAB method

RNA was isolated from shoots and roots of L. leucocephala at four weeks of
germination using a CTAB isolation method modified from Doyle and Doyle (1987). Shoot and
root tissues were ground to a powder in liquid nitrogen using a mortar and pestle. Five grams of
frozen powder was added to 16 ml of 2X CTAB RNA isolation buffer (2% CTAB, 0.1 M Tris-
HCI pH 9.5, 20mM EDTA, 14 M NaCl, 5% (v/v) b-mercaptoethanol). The mixture was
incubated at 65°C for 10 min. Samples were extracted twice in an equal volume of
chloroform/isoamy! alcohol (24:1) and the phases were separated by centrifugation at 15,000 x g
for 10 min at room temperature. Following centrifugation, the supernatant was moved to a new
tube the same volume of phenol:chloroform was added, the tube was mixed by shaking and then
centrifuged at 15,000 x g for 10 min at room temperature. One fourth volume of 10 M lithium
chloride was added to the supernatant, and RNA was allowed to precipitate at least 2 h at -20-C.
RNA was pelleted by centrifugation at 15,000 x g for 10 min at 4C. The RNA pellet was
dissolved with 500 nd of TE and the sample was centrifuged again at 15,000 x g for 10 min at
4-C, 500 nd of TE saturated phenol pH 9.0 was added to the supernatant, it was mixed and
centrifuged at 15,000 x g for 10 min at room temperature. The RNA was extracted by adding
500 nd of phenol-chloroform and shaking vigorously, the phases were separated by centrifugation
at 15,000 x g for 10 min at 4°C and the aqueous phase moved to a new tube. Then, 500 rd of
chloroform:isoamyl (24:1) was added to this tube, it was mixed and centrifuged at 15,000 x g for
10 min at room temperature. One fourth volume of 10 M lithium chloride was added to the
aqueous phase and it was incubated at —20°C at least 2 h. The RNA was pelleted by
centrifugation at 15,000 x g for 15 min at 4#C, washed with 500 nd of 70% ethanol and
resuspended in 15 nd of 0.1% DEPC-treated water.

2.2.3.2 Transfer RNA onto nitrocellulose membrane

Total RNA was isolated from shoots and roots of L. leucocephala at four weeks of
germination using CTAB method as previously described. Aliquots of five micrograms of each
total RNA sample were mixed with 6 rd 0f 50% DMSO, 1.2 nd of 100 mM phosphate buffer, 2 nl
of 6 M glyoxal and distilled water up to 12 nd, denatured at 50°C for 1 h and placed on ice for
3 min. The RNA was separated by electrophoresis through a 1.2% agarose gel in 0.0IM
phosphate buffer and capillary transferred to nitrocellulose membrane overnight (Sambrook et al.,
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1989). The membrane was dried at room temperature for 5 min, RNA was fixed and linked onto
membrane with UV light for 2 min using a transilluminator and kept at 4=C until hybridization.
2.2.3.3 Preparation of probe DNA

2.2.3.3.1 Middle scale plasmid isolation by alkaline lysis method.

MJ 1-1-1 (plasmid containing 3¢RACE product) was isolated in medium
scale by the alkaline lysis method Bimboim and Doly, 1979). A single bacteria colony that
contained MJ 1-1-1 plasmid was transferred into 50 ml of LB medium containing the 5 mg of
ampicillinand incubated at 37°C with vigorous shaking overnight. The culture was centrifuged at
3,000 x g for 10 min at room temperature and the pellet was resuspended in 1.5 ml of 50 mM
Tris-HCI, 0.5 M EDTA pH 8.0, 50mM glucose. Then 3 ml of 1% SDS/0.2 M NaOH was added,
it was cooled on ice 3 min, 2 ml cold 3 M potassium acetate pH 4.8 was added and the tube
inverted briefly. The mixture was centrifuged at 14,000 x g for 5 min at room temperature, the
supernatant transferred to a new tube, 10 ml absolute ethanol added and the mixture centrifuged at
14,000 x g for 5 min at 4°C. The supernatant was removed, and the pellet resuspended in 1 ml
20mMTris-EDTA pH 8.0, 10 nd of 1 mg/ml RNase A was added and it was incubated at 37°C
for 15 min. Then, 500 rd 20% polyethylene glycol 6000/2.5 M NaCl solution was added, on ice
for 1h, and mixture was centrifuged at 14,000 x g for 5 minat4°C. The pellet was washed with
70% ethanol, dried in vacuum and dissolved in 50 i 20 mM Tris-EDTA pH 8.0. The purity and
concentration of DNA solution was evaluated by measuring the Any/As, ratio using a
spectrophotometer.,

2.2.3.3.2 Radio active labeling of cDNA fragment by the random primer
method.

Five microliters (10 ng) of MJ 1-1-1 plasmid was mixed with 5 nd of
10X buffer M, 3 nd of BamH | (15 units/md), 3 rd of Xba | (15 units/rd) and 34 rd of distilled
water to adjust the total volume to 50 rd and the reaction incubated at 37=C for 1 h. The solution
was loaded onto 5% polyacrylamide gel with TBE for electrode buffer and electrophoresed using
voltage and current limits of 250 V, and 40 mA for 30 min. The band at 650 bp was cut and
extracted with Gilbert buffer (Sambrook et al., 1989). Two microliters (20 ng) of digested
gel-purified 3¢RACE fragment from above, 4.5 m of distilled water, and 1 rd of random primer
were mixed, denatured at 95°C for 3 min and cooled on ice for 5 min. Then, 1.25 nd of 10X
buffer, 1.25 rd of ANTP mixture, L nd of a=P dCTP, and 0.50 nd of Bca BEST DNA polymerase
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were added and the mixture was incubated at 55°C for 60 min. To stop the reaction, 1 nd of
0.5 M EDTA was added and incubated at 70°C for 10 min. The mixture was adjusted to 100 nd
with TES buffer (0.15 M NaCl, 10 mM Tris-Cl pH 8.0, 1 mM EDTA pH 8.0) and centrifuged
through a Sephadex G-50 spin column, which was equilibrated with TES buffer, to remove
unincorporated nucleotides. The labeled probe was measured using a scintillation counter and
kept at -20°C. Prior to hybridization, the probe was heated at 100-C for 5 min and immediately
put on ice for approximately 10 min.
2.2.34 Hybridization and detection

The nitrocellulose membrane prepared as described in section 2.2.2.3 was put into a
plastic hybridization bag. About 5 ml of prehybridization buffer (1.25 ml of 20X SSPE, 0.05 ml
of 10% SDS, 0.1 ml of 50X Denhardt’s solution, and 3.6 ml of distilled water) was transferred
onto the plastic bag to soak the membrane. The membrane was prehybridized at 60°C for 30 min
in a hybridization oven, and then 30 rd of labelled DNA probe (4ng) mixed with 20 md of salmon
sperm DNA was added to the bag. Hybridization was performed at 60°C for 18 h. After
hybridization, the nitrocellulose membrane was washed twice with 50 ml of 2X SSC for 2 min at
room temperature, 50 ml of 2X SSC containing 0.1% SDS for 15-30 min at 60-C and 2X SSC for
5 min at room temperature. The wash solution was aspirated and the membrane was dried at room
temperature for 1-2 min. The membrane was placed in the plastic bag and exposed to high
sensitivity X-ray film (Hyper film ™-MP, Amersham) inside a cassette at -80°C overnight before
developing the film.

2.2.4 Construction and screening of 4 week old seedling shoot cDNA library
2.2.4.1 Isolation of mRNA

Total RNA was isolated by CTAB method (as described in 2.2.3.1). Poly(A)" mRNA
was isolated using polyA tract mRNA isolation system [ (Promega Madison, WI). One
milligram of total RNA was incubated at 65°C for 10 minand 3 n of the biotinylated-Oligo (dT)
and 13 m of 20X SSC were added, mixed and incubated at room temperature for 10 min.
SA-PMP was added to the tube and resuspended the tube was captured in a magnetic stand for
30 sec, the supernatant removed, and the SA-PMP washed with 0.3 ml of 0.05X SSC 3 times,
Then, 0.1 ml of 0.5X SSC, was poured into the washed SA-PMPs and incubated at room
temperature for 10 min. The tube was captured in a magnetic stand for 30 sec, the Supernatant
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removed and the pellet washed with 0.3 ml of 0.1X SSC 4 times. Finally, 0.1 ml of water was
added to the SA-PMP, it was captured on the magnetic stand for 30 sec and the agueous mRNA
was transferred to a sterile tube and kept at -80°C.
2.2.4.2 Precipitated mRNA by using isopropanal
Two hundred and fifty milligrams of mRNA were mixed with 25 rd of 3 M sodium-
acetate and 250 nd of isopropanal and incubated at -20°C overnight. After that, the mixture was
centrifuged at 15,000 x g for 10 min and the supernatant removed. The pellet was washed with
500 rd of 70% ethanol and centrifuged at 15,000 x g for 10 min, then the supernatant was
removed. The pellet was dried under vacuum for 5 min and DEPC-water added to give a final
mRNA concentration of 1 ng/nd.
2.2.4.3 Construction of 1 gtL1 cDNA library
2.24.3.1Poly A" mRNA denaturing and the first strand reaction
The cDNA was prepared from 5 ng of poly(A)’mRNA with a cDNA
synthesis kit (Pharmacia) by adding DEPC water up to 20 nd, incubation at 65°C for 10 min,
chilling on ice for 5 min, then adding 10 nd of 1*strand reaction mixes (Cloned Muring Reverse
Transcriptase, RNAguard, RNase- and DNase-Free BSA, Oligo(dT),,.44 primer, dATP, dCTP,
dGTP, dTTP), 1 nd of [a-32P] dCTP (5 n€ilrd), L nd of DTT solution and incubated at 37°C
for 1h.
2.2.4.3.2 Monitoring
Three microliters of 1°-strand reaction mixes was transferred to a new tube,
17 v of 0.5 M EDTA (pH 8.0) and 80 r of ssDNA (salmon sperm DNA) was added and then,
2 nd was spotted onto a glass filter, air dried and counted with a scintillation counter (T1 valug).
Then 1 ml of 10% TCA was mixed with 98 i of 1%-strand reaction, incubated on ice for 10 min,
filtered and the filtrate washed with 10 ml of 10%trichloroacetic acid (TCA), 2 ml of 100% ethyl
alcohol in 1 ml of filter sample, air dried and counted (P1 value)
2.2.4.3.3 The second strand reaction
The second strand reaction mixture composed of 5 m of [a-2P] dCTP, 70 n
of 2"-strand reaction mixes (E. coli, RNase H and E coli DNA polymerase | in aqueous buffer
containing dNTPs), and 30 nd of T-strand reaction. The mixture reaction was agitated, spun
down, and incubated at 12°C for 1 h. and 22°C for 1 h., then 1 nd of Klenow DNA polymerase
fragment was added and incubated at 37°C for 30 min. Then, 50 m of DEPC-H,0 (to give a final
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volume of 150 nd), 150 nd of 4 M ammonium acetate, and 300 rl of phenol/chloroform were

added to the reaction mixture, which was mixed, centrifuged at 12,000 x g for 3 min at room

temperature and the supernatant transferred to a new tube. The supernatant was precipitated with

700 ml of 100% of ethyl alcohol. The pellet was separated by centrifuged at 12,000 x g for 10 min

at 4°C, dried under vacuum and dissolved in 37 nd of DEPC-H,0. The 2™-strand reaction was

monitored as described in the method 2.2.4.3.2 with replacement of T1 with T2 and P with P2,
The yield of cDNA was calculated as follows:

Firststrand cDNA = 22X 175
T1

aP1 ou

Second-strand cDNA = egﬂum 57
erz &Pl &

€031l

22434 Ligation of EcoR I/Not | adaptors, phosphorylation and
purification

Thirty seven microliters of double stranded cDNA were mixed with 5 r of
10X ligation buffer, 5 rd of adapter solution, 3 nd of T, DNA ligase and incubated at &C
overnight. The ligation solution was incubated at 65°C for 10 min and cooled down. Fifty
microliters the ligation mixture was mixed with 6 nd of 10X ligation buffer, 10 nd of ATP
solution, 43 nd of DEPC-water and 1 nd of T4 poly nucleotide kinase, and incubated at 37°C for
30 min and 65°C for 10 min. The reaction was extracted with 110 nd of phenol/chloroform. The
supernatant was separated by centrifuged at 12,000 x ¢ for 5 min at room temperature and 100 nd
of supernatant was transferred to a spin column and eluted by centrifuged at 12,000 x ¢ for 5 min
at room temperature. Then, 100 nd of phenol/chloroform was added to the 100 n of cDNA
solution, mixed and centrifuged at 12,000 x g for 5 min at room temperature. The supernatant was
precipitated with 10 rl of sodium acetate pH 5.2 and 500 nd of 100% ethyl alcohol. The pellet
was separated by centrifuging at 12,000 x g for 5 min at 4°C and incubating at -80°C for 1 h. The
pellet was washed with 500 nd of 70% ethyl alcohol and centrifuged at 12,000 x g for 5 min at
4-C, the supernatant removed, and the pellet dried and dissolved in 10.5 nd of DEPC-water. Then,
0.5 r of cDNA was added with 4.5 nd of DEPC-water. Three microliters was counted with a
scintillation (P3 value) and two microliters of cDNA was analyzed by agarose gel elctrophoresis.
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The gel was washed twice with 7% TCA for 10 min, stained 0.1 ng/ml ethidium bromide to
visualize the maker and autoradiographied.

2.2.4.3.5 Vector ligation and packing

The molar ratio of vector andcDNA was adjusted with the calculation below.

mole of I gt11 =mole of cDNA

44 kb _11 kb
1000ng Xng
X=25ng

ExPS:X = ixP2:O.44
10.5 100

or

Two microliters of cDNA solution (25 ng) was mixed with 1 nd of 1 gtl1,

0.5 nd of ATP solution, 0.5 nd of ligation buffer, and 1 1 of T4 DNA ligase and incubated at 4°C
overnight. Five microliters of the cDNA library was added to the packing extract (tored at
-80°C) immediately when it began to thaw and the tube was ncubated at 22°C for 2 h The
reaction mixture was mixed with 500 n of SM buffer (0.1 M NaCl, 0.0L M MgSO,, 1 M Tris-
HCIpH7.0, 2% gelatin), and 20 nd of chloroform, spun down and stored cDNA library at 4<C.

2.244 Titering

Twao microliters of cDNA library was diluted 100 fold by addition of 198 m of SM
buffer. Two micro liters of the 100 fold dilution of the cDNA library was diluted to 1,000 fold by
adding 18 nd of SM huffer. After that aliquots of 10, 5, and 2 md of each dilution of cDNA library
were mixed with 200 rd of Y1090r competent cells, incubated at 37°C for 15 min and mixed with
8 md of L00mM IPTG, 8 nd of 10% X-gal, 3 ml of melted top agarose (LB, 25 mg/ml ampicillin,
0.0L mM MgSQ,, 0.8% agarose) and 50 rd of 25 mg/ml ampicillin. The mixture was poured on
top of a LB ampicillin plate and incubated at 42°C for 12 h. The number of phage plagues was
then counted.

2.2.4.5 Preparation of probe for screening the cDNA library

The two fragments of 3¢RACE product produced by digestion with Msp | and Nsp |
were prepared as separate probes, 331 bp (5¢terminus of 3¢RACE) and 242 bp (3eterminus of
3¢RACE) using the same method used to prepare probes for northern blotting (Section 2.2.3.3).
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2.2.4.6 First round screening of the cDNA library and collection of plagques

Assingle colony of E.coli (Y1090r-) was inoculated into 500 ml of LB medium
containing 0.2% maltose, 10.0 mM MgSO,. The culture was incubated with shaking at 37°C for
5 h until the 0Dy, was approximately 1.0, then 2 ml of this culture was mixed with 350 rd of a
1,000X dilution of 1 phage solution. The mixture was incubated without shaking at 37°C for
15 min to allow phage particles to be adsorbed to the host cells. To propagate the I phage, 45 ml
of 0.8% top agarose containing 10 mM MgSO,, 25 ng/ml ampicillin was added to the mixture
and immediately poured onto a LB big plate (20x40 cm). After the agarose hardened, the plate
was inverted and incubated for 8 h at 42°C until cleared plaques appeared. The LB plates
containing cleared plaques were incubated at 4°C for 1 h before making a replica plate. Phage
particles, the plagues on the LB plate were transferred to a 10x20 cm nitrocellulose membrane by
applying the reactive side of the membrane on top of the agar. The phage particles were allowed
to adsorb to the membrane for 5 min. Then, the membrane was gently peeled off and dried for
5 min at room temperature. The phage particles were lysed by treating the membrane with
denaturing solution containing 0.2 M NaOH and 1.5 M NaCl on filter paper for 5 min and letting
the membrane dry for 5 min at room temperature, followed by treating the membrane twice with
neutralizing solution containing 1M Tris pH 7.4 and 1.5 M NaCl. The DNA was immobilized by
baking the treated membrane in a hot air oven at 80<C for 2 h.

Nitrocellulose membrane prepared as described above were folded in a plastic
hybridization bag. About 10 ml of hybridization solution was transferred into the plastic hag to
soak the membrane. The membrane was prehybridized at 60°C for 6 h and then labelled DNA
probe (chitinase fragment), prepared as previously described in section 2.2.4.5 was added to the
plastic bag. Hybridization was performed at 60°C for 18 h. After hybridization, the nitrocellulose
membrane was washed twice with 2X SSC for 5 min at room temperature and twice with 2X SSC
containing 1% SDS at 60-C for 15 min. The wash solution was aspirated and the membrane was
dried at room temperature for 5 min. The membrane was covered with saran wrap and exposed to
high sensitivity X-ray film (Hyper film-MP, Amersham). The membrane and film were placed
inside a metal cassette and incubated at -80-C for 4 h hefore developing.

Plaques that gave very high hybridization signal were collected. Top agarose plugs
containing the positive plaques were picked from the plate by using a pasteur pipette and
transferred to 1 ml of sterile SM buffer in a microtube. The tube was then vigorously mixed by
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vortexing. About 3-4 drops of chloroform was added. The tube was kept for 1 h at room
temperature, followed by centrifugation at 14,000 x g for 5 min at 4°C to separate the supernatant
from the pellet before keeping the supernatant at 4°C.

2.2.4.7 The second and the third round screening of the cDNA library.

Two microliters of 1,000X dilution1 phage from the first round screening was mixed
with 200 md of E.coli (Y1090r-) prepared as described in method 2.2.4.4. The mixture was
incubated with shaking at 37°C for 15 min to allow phage particles to be adsorbed to the host
cells. To propagate the 1 phage, 3 mL of 0.8% top agarose containing 10 mM MgSO, and
25 ng/ml ampicillin was added to the mixture and immediately poured onto a 10 cm circular
LB plate. After the agarose hardened, the plate was inverted and incubated at 42°C for 8 h until
clear plagues appeared. The plaques were transferred to 3x7 cm nitrocellulose membrane by
applying the nitrocellulose membrane on top of the agar. Following these plaques lifts,
hybridization, detection by autoradiography and collection of the positive plaque was done as
previously described. A third round of screening was conducted in the same manner to allow
isolation of individual clones.

2.2.5 Isolation of plaque DNA
After the third screening, plaques that gave high hybridizing signal were collected. Top
agarose containing a single positive plaque was picked from plate using pasteur pipette and
transferred to 200 rd of SM buffer in a sterile microtube. Chloroform was added to a final
concentration of 10% (v/v). The tube was then vigorously vortex and centrifuged at 14,000 x g for
10 min at 4C to separate the supernatant, before keeping at 4C.
Fifteen clones from positive plaques were selected and designated as 1, 2, 3, 4,5, 6, 7, 8,9,
10, A, C, D, E, and J. Each of these selected plaques was transferred into host cell as described in
section 2.2.4.7. After clear plagues were appeared, 5 ml of SM buffer was added to each plate and
shaken for 1 h. at room temperature, and the supernatants were completely collected using pasteur
pipettes and put into sterile 15 ml tubes. One hundred microliters of chloroform was added to the
supernatants. The tubes were vigorously vortexed and spun down at 14,000 x g for 10 min at 4°C.
The supernatants containing phage particles, were transferred into new tubes and keep at 4°C.
To amplify the phage particles, 4 nd of the phage solution was mixed with 200 nd of bacterial
suspension (Y1090r) and incubated at 37°C for 15 min. The mixture was then transferred to
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20 ml of LB medium containing 25 ng/ml ampicillin and shaking continued at 37°C for 6 h until
cell debris appeared.

To complete cell lysis, 200 m of chloroform was added and vortexed. Cell debris in the
lysate was removed by centrifugation at 5,000 x g for 5 min at 4°C and then the supernatant was
transferred into a new tube. The solution was mixed with an equal volume of 20% (w/v)
polyethylene glycol (PEG800) and 10 ml of 2.5 M NaCl, and incubated at 0-C on ice for 1 h.
Phages particles were recovered by centrifugation of the mixture at 3,000 x g for 20 min at room
temperature. The supermatant was discarded and the precipitate was allowed to dry at room
temperature. The phage particles were resuspended in 1 ml of TE buffer pH 8.0. In order to the
digest host’s DNA and RNA, DNase | and RNase A were added to a final concentration of
10 ng/ml each, the mixture was incubated at 37°C for 1 h followed by addition of 200 nd of
chloroform and centrifugation at 12,000 x g for 10 min at 4 °C. The supernatant was transferred
into new tube and 32 nd of 10% SDS, 40 nd of EDTA and 2 d of 10 mg/ml of proteinase K
added, followed by an incubation at 65°C for 30 min. Recombinant DNA was extracted by the
phenol/chlorofom method. The DNA pellet was precipitated with 500 nd of isopropanol, rinsed
500 rd of 70% ethanol and dried under vacuum. The DNA pellet was dissolved in 50 nd of TE
and stored at 4°C until used.

2.2.6 Subcloning of 1 DNA insert into pUC19 and characterization

Phage DNA insert size from the previous step was determined by digest with EcoR |
enzyme. The restriction mixture was composed of 10 nl of DNA (50 ng), 3 i of EcoR |
(12 Ulnd), 3 nd of buffer H and 14 nd of distilled water. The solution was incubated at 37°C
overnight. DNA was loaded onto a 5% polyacrylamide gel. The restriction fragment was ligated
into pUC19 vector. The reaction mixture (10 nd) was composed of 1 nd EcoR I digested pUC19
vector (50 ngy/rd), 1 nd 10X ligation buffer, 1 nd T, DNA ligase, 7 nd eluted DNA fragment
(200 ng). The mixture solution was incubated at 14°C overnight and then, transformed into
competent DH5a cells, followed by plasmid isolation as previously described (Section 2.2.1.7).
To determined the DNA sequence, the recombinant plasmid was sequenced using a ABI 310
automated DNA sequencer and ABI PRISM dye label terminator kit as previously described.
The sequence was translated to amino acid sequence using the computer program GENETYX
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Mac version 9.0 and the amino acid sequence aligned with other chitinase sequences using
the NCBI BLAST search.

2.2.7 Completion of the chitinase cDNA sequence by 5¢RACE and sequencing
The oligonucleotide primers for 5¢ RACE, shown in Table 2.2, were designed from
sequence of the cCDNA library clones. Total RNA from L. leucocephala seedlings was extracted
using TRIZOL Reagent as described in section 2.2.1.2. First strand ¢cDNA synthesis was
performed with a KB-2r primer, derived from the internal cDNA chitinase fragment sequence.
The mixture was prepared as described in section 2.2.1.3 with 10 pmol KB-2r. After the reaction
was finished, the reaction was treated with 1 nd of RNase H to destroy the RNA template by
incubating at 37°C for 20 min. The single stranded cDNAs were purified by ethanol precipitate
and ligated with T, RNA ligase. For DNA amplification, the reaction mixture was contained 1 nd
of 10 fold diluted cDNA, 10 pmol KB-1f primer and KB-3r primer and the other components
described in section 2.2.1.4, and was amplified using the program described in Table 2.7.
After the first PCR experiment was finished. A second amplification was performed using
1 nd of 2 500-fold dilution of the first PCR product with 10 pmol KB-1f primer and KB-4r primer
according to the program described in Table 2.7. The product was analyze by 0.8% agarose gel
electrophoresis, as previously described. The specific PCR product (expected size about 200 bp)
was gel-purified using a polyacrylamide gel as described previously in section 2.2.1.6. The gel
purified product was cloned into pT7blue T-vector at EcoR V site according to the plasmid
supplier’s recommendation. The reaction mixture (10 nd) was composed of 1 nd pT7blue T-vector
(50 ng/rd), 1 rd 10X ligation buffer, 1 rd T, DNA ligase, 7 nd eluted DNA fragment (200 ng).
The mixture solution was incubated at 14°C overnight and then, transformed into competent
DHb5a cells, followed by plasmid isolation as previously described in section 2.2.1.10.
The recombinant plasmid insert was determined by digestion at the EcoR | and Pst | sites present
in the pT7blue T-vector. The reaction mixture contained 1 rd (1 ng)/rd) purified plasmid, 0.5 nd
EcoR | (15 units/md), 0.5 rd Pst | (15 units/rd), 1 nd 10X buffer H, and 7 nd distilled water.
The mixture was incubated at 37°C overnight and 0.8% agarose gel electrophoresis was carried
out to determing the DNA insert size. The purified DNA sample was sequenced as previously
described in section 2.2.1.12.
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Cycle Step Temperature (°C) Time
Prerunning denaturation 94 5min
1-30 denaturation 9% 305
annealing 60 305
extension 12 1 min
Postrunning extension 12 7 min
1 1,075
mMRNA 5 UTR— | A A\ (A ),
19E 194 19P 19A
PCR fragment
KB-1f & ﬁlr
3 RACE product I A (), CAG.
Probe 331 Probe 242
Probes I [ |
222 1,075
cDNA library clone 4 N ™7 <~ A,
169 1,075
clone 5 R A AA (A )
1 264 KB-1f
5 RACEproduct 5 UT
— =
KB-4r KB-3r KB-2r

Figure 2.1 Diagram of cloning strategies for leucaena chitinase showing the cDNA sequence

length and positions of primers used for cloning. Simple numbers indicate the position relative
the first nucleotide of the protein coding sequence. Other symbols are as follows:

19E: ChitL9E191f (position 391-417) 19H: ChitL9H201f (position 418-441)
19P:Chit19P301r (position 785-708) 19A: Chit19A326r (position 778-800)
KB-1f (position 459-478) KB-2r (position 521-542)
KB-3r (position 376-392) KB-4r (position 264-285)

Probe 331 (position 459-789) Probe242 (position 790-1031)

t0
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2.2. 8 Expression in E.coli

2.2.8 1 RNA extraction and PCR amplification.

Total RNA was extracted from four week-old seedling shoots and roots by Trizol
reagent (the same method as section 2.2.1.2). Oligonucleatide primers for DNA expression were
designed from L. leucocephala class | chitinase without prepeptide. Single-stranded cDNAs were
synthesized by reverse transcription, using poly T primer and Superscript |1 reverse transcriptase
(Gibco BRL) and amplified in a 25 ml PCR reactions contain 1 md 50 pmoles template, 1
50 pmoles forward primer, 1 rd 50 pmoles reverse primer (Table 2.3), 2.5 n 2 mM dNTPs
mixed, 1.5 ml 1.5 mM MgCl,, 2.5 nd 10X Pfu buffer (500 mM KCI, 100 mM Tris-HCI, pH 9.0
and 1% Triton X-100), 0.5 Pfu DNA polymerase (L unit/nd), and autoclaved distilled water to
make the volume up to 25 n according to the program described in Table 2.8. The expected size
PCR product was purified by 5% polyacrylamide gel electrophoresis. The pUC19 was digested
with Hinc 11 to give blunt ends. The restriction mixture was composed of 1 nd pUCL9 vector
(1 ng), L nd 10X buffer B, 0.5 md Hinc 11 (10 units/rd), 1 m 1% BSA, and 6.5 nl of distilled
water. The purified PCR product was cloned into the Hinc I1 blunt-end site of the pUC19 vector
by standard methods (Maniatis et al., 1982). The reaction mixture (10 ) was composed of 6
eluted DNA fragment (600 ng), 1 ml pUC 19 vector (50 ng) 1 n1 10X ligation uffer, 1 nl of
T, DNA ligase, and 1 nd distilled water. The mixture was incubated at 14°C overnight and then,
transformed into competent DHba cells, followed by plasmid isolation as previously described in
section 2.2.1.10. The recombinant plasmid insert was determined by digestion at Nco | and Xho |
sites present in the linker-primers. The reaction mixture contained L nd (1 ng/rd) purified
plasmid, 0.5 md Nco | (10 units/nd), 0.5 nd Xho | (15 units/rd), L rd 10X buffer K, and 7rd distilled
water. The mixture was incubated at 37°C overnight and 0.8% agarose gel electrophoresis was
carried out to determine the DNA insert size. The purified plasmid DNA sample was sequenced
as previously described in section 2.2.1.12.

2.2.8.2 Construction of pET 23d and pET32a leucaena chitinase gene.

PET23d and pET32a plasmids were digested with Nco | and Xho 1. The restriction
mixture was composed of 1 rd pET23d or pET32a vector (1 ng), L ml 10X buffer K, 0.5 md Nco |
(10 units/rr), 0.5 nd Xho | (15 units/rd), and 7 i distilled water. The mixture was incubated at
37°C overnight and the expected size was purified by 5% polyacrylamide gel electrophoresis.
The purified DNA sample from section 2.2.8.1 was cloned into the Nco | and Xho | site of the
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PET23d and pET32a vector with by standard methods (Maniatis et al., 1982). The reaction
mixture was composed as described in section 2.2.8.1. The solution was incubated at 14°C
overnight and then, transformed into competent DH5a cells, followed by plasmid isolation as
previously described in section 2.2.1.10. The recombinant plasmid insert was determined by
digestion at Nco | and Xho | sites present in the linker-primers as described above. The mixture
was incubated at 37°C overnight and 0.8% agarose gel electrophoresis was carried out to
determine the DNA insert size. The correct assembly of the resulting plasmid and the two
sequence of the amplified DNA were confirmed by automated DNA sequencing.

The plasmids retransformed into E.coli strain BL21 (DE3) and Origami (DE3) by the
following methods. For pET23d insert plasmid, used the same method in section 2.2.1.7 with 1nd
(1 ng/rd) plasmid. For pET32a insert plasmid, L nd (1 ng/rd) plasmid was added to 50 nd thawed
Origami (DE3) competent cells, mixed gently by swirling and the tube store on ice for 5 min,
The cells were heat shocked at 42°C for 30 sec and the tube rapidly transferred to ice for 2 min,
The transformed cells were grown by adding 800 ni of SOC medium and plated directly on an
LB plate containing 50 ng/ml ampicillin, which was then incubated ovemight at 37°C. The
recombinant clones were confirmed by PCR amplification using expression primer, T7 promoter
and T7 terminus which present in pET23d and pET32a.

Table 2.8 Set of PCR program for expression

Cycle Step Temperature (°C) Time

Prerunning denaturation 9 5min
1-35 denaturation 95 305

annealing 50 1 min

extension 12 2 min

Postrunning extension 12 7min

2.2.8.3 Expression of leucaena chitinase in BL21 (DE3) and Origami (DE3)
E.coli

Optimum conditions for protein production in BL2L (DE3) and Origami (DE3)
E. coli containing the expression plasmid pET23d and pET32a, respectively, were determined.
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To do this, a colony was grown in 3 ml LB broth with ampicillin (50 ng/ml) at 37°C overnight.
Cells were pelleted by centrifugation at 3,000 x g for 10 min. The cells pellets were resuspended
in 3 ml fresh LB broth with ampicillin (50 ng/ml) and grown at 30°C for 8 h to A= 0.6 and
induced with 0.05, 0.1, 0.3, 0.5, 0.7, and 0.9 mM isopropyl b-D-thiogalactopyranoside (IPTG)
for0,2,5,8,12, 18, and 24 h of pET-23d and grown for 0, 4, 8, 12, 16, 20, and 24 h of induction
at 15°C and 30 C. Cells were harvested by centrifugation at 5,000 x g for 10 min at 4°C, washed
two times with 5 ml 50 mM sodium dihydrogen phosphate pH 8.0 with centrifugation at 5,000 x g
for 10 minat4-C, and stored at -70°C overnight.

2.2.8.4 Extraction of chitinase from BL 21 (DE3) and Origami (DE3) E.coli

After growth and induction as described above, the cells were resuspended in 20 mM
TE pH 8.0, 100 ng/ml lysozyme, 1% triton X-100, L mM phenylmethylsulfonylfluoride (PMSF)
to a concentration factor of 50x (volume buffer X 50 = volume culture X ODgy) and lysed by
sonication on ice at highest output (100 W) for 10's, 5 times (David and Thomas, 1989) using
probe sonicator (Ultrasonic Processor GE 100, Treadlitei, Woodstock, USA). Soluble and
insoluble proteins were separated by centrifugation at 14,000 x g for 30 min. Protein
concentrations were determined by Lowry assays. Samples for SDS/PAGE were heated at 100°C
for 5 min in the 1% mercaptoethanol of 0.5 M Tris/HCI, pH 6.8. SDSIPAGE was performed
using 12-15% polyacrylamide gels. The gels were stained with Coomassie brilliant blue R 250
(0.1% Coomassie brilliant blue R 250 dissolved in 40% methanol, 10% acetic acid, 50% water)
for 30 min and destained with destaining solution (40% methanol, 10% acetic acid, 50% water)
for L h until protein bands appeared clearly.

2.2.8.5 Protein determination by Lowry method

Protein concentration was estimated by the method of Lowry using bovine serum

albumin as standard (20-100 nf) BSA). The diluted sample (1 ml) was mixed with 1 ml freshly
prepared alkali copper solution made by mixing 1% copper sulfate, 2% potassium-sodium tartate
and 2% sodium carbonate in the ratio of 1:1:100 by volume, respectively. The reaction was left to
stand for 10 min at room temperature before adding 0.5 ml Folin reagent. The mixture was
vigorously mixed and allowed to stand at room temperature for 30 min. The absorbance at
750 nm was measured using a Genway UV-VIS spectrophotometer (Feisted, Dunmow, Essex,
UK).
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2.2.8.6 Preparation of Colloidal chitin

Colloidal chitin was prepared according to the modified method of Shimahara and
Takiguchi (1988). Chitin flakes (10 g) were added into 200 ml of concentrated hydrochloric acid
on ice. The suspension was vigorously stirred for 2 h on ice and kept overnight at 4C. The
suspension was filtered through cheesecloth and the filtrate was poured into 600 ml of 50%
ethanol on ice with stirring. After 1 h., the suspension was filtered with suction through Whatman
No. 1 filter paper. The residue was washed with water until the washing become neutral.
The acid-free residue was diluted with buffer to the final concentration of 1% dry weight volume,
and resuspended with vigorous stirring to prepare the so-called colloidal chitin solution. This
colloidal chitin solution was stored in a dark place below 5°C.

2.2.8.7 Determination of chitinase activity by Colorimetric assay

Plant chitinase activity was determined by a Colorimetric assay (Boller and Mauch,
1988) measuring N-acetylglucosamine from enzymatic hydrolysis of the principle products of
plant chitinase using colloidal chitin as substrate (ES). For assay, the protein was diluted with
0.1 M sodium acetate buffer pH 5.0 to yield a volume of 200 nd of 2 mg/ml. The reaction was
started by the addition of the protein to 800 nd of 1% colloidal chitin. After 10 min of incubation
at 40°C, the reaction was centrifuged at 4°C for 10 min at 5,000 x g. Five hundred microliters of
supernatant was mixed with 100 i of 0.8 M sodium tetraborate and boiled for 3 min, cooled on
ice and mixed with 3 ml of 1% of p-dimethylaminobenzadehyde in 87.5% glacial acetic acid,
12.5% conc HCI. The absorbance of supermatant was measured photometrically at 585 nm after
incubation at 37°C for 20 min.

For each enzyme preparation measured, an enzyme blank (EB), and a substrate blank
(SB) were carried through the procedure. The enzyme blank contained 0.8 ml water instead of the
colloidal chitin. The substrate blank contained 0.2 ml of 100 mM sodium acetate buffer, pH 5.0,
instead of the enzyme preparation. The amount of N-acetylglucosamine equivalents released by
the enzyme is calculated as followed :
Asgs (ES)-Asgs (EB)-Asgs(SB)

Definition of Unit. One unit of chitinase was defined as the amount that catalyzes the
release of soluble chitooligosaccharides containing 1 minol of GIcNAc in 1 min. The initial slope
of the standard curve is used to calculate the unit. The standard curve used 0-0.20 ninol
of GICNAC,
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2.2.8.8 Purification of recombinant protein by Ni-NTA superflow and Sephadex

G-100 chromatography
Four milliliters of soluble extraction of bacteria expressing chitinase-fusion protein

from pET32a was added to a milliliter of Ni-NTA superflow column equilibrated with 10 ml
(10 volumes) of lysis buffer (500 mM, sodium chloride 50 mM sodium dihydrogen phosphate
pH 8.0). The column was washed with 20 ml (20 volumes) of lysis buffer, wash buffer 1 (10 mM
imidazole in lysis buffer pH 8.0), and wash buffer 2 (50 mM imidazole in lysis buffer pH 8.0).
After that, the recombinant protein was eluted with 5 ml (5 volumes) of elution buffer (250 mM
imidazole in lysis buffer pH 8.0). The fractions with chitinase activity were pooled and
concentrated 4 fold with 10 kDa cutoff ultrafiltration membrane (YM-10, Amicon). The
concentrated enzyme solution was loaded onto a Sephadex G-100 gel filtration column (swollen
in distilled water for 72 h), which was eluted with 20 mM Tris-HCI pH 7.5 at a flow rate of
0.5 ml/min. The fractions with chitinase activity were pooled and concentrated four fold as
before.

2.2.8.9 Cleavage of recombinant protein

Three hundred micrograms of recombinant protein was cleaved with 2 unit of
enterokinase in 30 md of 200 mM Tris-HCI, 500 mM sodium chloride, 20 mM calcium chloride
overnight at 23-C. The reaction was added to 100 nd of Ni-NTA superflow and incubated at 4-C
for 30 min with vigorous shaking. The reaction was centrifuged at #C for 10 second at
15,000 x g and the supernatant, which contained purified chitinase, was collected and evaluated
by SDS PAGE and by hydrolysis of colloidal chitin.

2.2.9 Extraction and purification of chitinase from L. leucocephala seedlings

2.2.9.1 Extraction of chitinase from L. leucocephala seedlings

L. leucocephala seeds were germinated an clean potting soil and grown in a growth
chamber at 25°C with a 15-h/day light period for 1 week and they were transferred to long day
conditions in the greenhouse for 3 weeks. Forty grams of these seedlings were homogenized
using a cold mortar and pestle in liquid nitrogen and the homogenate was transferred to a
centrifuge tube in 90 milliliters ice-cold 0.1 M sodium acetate buffer, pH 5.0, containing
1 mM phenylmethylsulfonyl fluoride (PMSF), to inhibit proteolysis and 5% (w/v) polyvinylpoly-
pyrrolidone (PVPP) to absorb polyphenolic substances. The homogenate was centrifuged
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at 13,800 x g for 30 min at 4°C and the supernatant (crude enzyme) was used for assays and
further purification.
2.2.9.2 Ammonium sulfate precipitation

The crude enzyme was precipitated from 90 ml homogenate by using 39.24 g
(70% wiv) of ammonium sulfate by slow addition of solid ammonium sulfate with gentle mixing
and left at 4°C overnight. The protein precipitate was obtained by centrifugation at 13,800 x g for
45 min at 4°C. The pellet was dissolved in 5 ml of 0.1 M sodium acetate buffer pH 5.0, mixed
with 1 ml sodium bicarbonate, pH 8.4 and the pH adjusted to 8.4 with sodium hydroxide. The
enzyme mixture was dialyzed twice against 1 | 0.02 M sodium of bicarbonate, pH 8.4 at 4C
overnight,

2.2.9.3 Chitin affinity Chromatography

The chitin affinity step was based on the method described by Molano et al (1979).
The dialyzed solution was added to 3.5 g colloidal chitin, saturated with 25 ml 0.02 M sodium
bicarbonate pH 8.4, and allowed to bind 30 min. The mixture was centrifuged at 27,000 x ¢ at
4=C for 45 min. The pellet was resuspended in 160 ml 0.02 M sodium hicarbonate pH 8.4, then
160 ml 0.02 M sodium acetate pH 5.5, with centrifugation at 27,000 x g at 4°C for 45 min after
each step. In the final step, the pellet was resuspended with 80 ml 0.2 M acetic acid pH 3.0 and
centrifuged at 27,000 x g at 4>C for 45 min. The supernatant containing the purified chitinase and
concentrated 4 fold with 10 kDa cutoff ultrafiltration membrane (YM-10, Amicon). The
concentrated enzyme solution was dialyzed against with 1 10.1 M sodium acetate buffer pH 5.0
for two changes.

2.2.10 Determination of the subunit molecular weight of chitinase by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)

Denaturing polyacrylamide gel electrophoresis was performed according to the method of
Laemmli (1970). The SDS-polyacrylamide gel was prepared from a stock solution of
polyacrylamide consisting of 30% (w/v) acrylamide and 0.8% (w/v) of N,Nemethylene-tris-
acrylamide. The separating gel contained 12% acrylamide in 1% SDS and 0.1 M Tris-glycine
buffer pH 8.3 while the stacking gel contained 5% acrylamide in 1% SDS and 0.5 M Tris-HCl
pH 6.8. The gel was chemically polymerized by the addition of 0.05% of TEMED and 0.5% of
ammonium persulfate. Four parts of sample were mixed with one part of sample buffer containing
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0.06 M Tris-HCI buffer pH 6.8, 40% (v/v) glycerol, 2% of SDS, and 0.5% (w/v) of bromophenol
blue. The mixture was boiled at 100C for 5 min then applied onto the gel. Electrophoresis was
carried out under a constant current of 50 mA to separate protein for about 2 h until the tracking
dye reached the bottom of the gel, at which time the electrophoresis was stopped. The gel was
stained Coomassie brilliant blue R 250 for 30 min, then destained with destaining solution until
protein bands appeared clearly as previously described in section 2.2.8.4.

The molecular masses of protein hands were estimated by comparison to the low molecular
mass markers, phosphorylase b (rabbit muscle, 97.4 kDa), bovine serum albumin (66.0 kDa),
ovalbumin (hen egg white, 45.0 kDa), bovine carbonic anhydrase (31.0 kDa), typsin inhibitor
(soybean, 21.5kDa), and bovine a-lactalbumin (14.0kDa).

2.2.11 Determination of pl of the chitinase

Isoelectric focusing polyacrylamide gel was performed in PhastGel IEF pH 3-9 kit
(Amersham Pharmacia Biotech) on Pharmacia phast gel IEF system as described in the
Amersham Pharmacia Biotech manual (Copyright 1995). The method for isoelectric focusing
contain three steps: a prefocusing step, a sample application step, and a focusing step.
Prefocusing, in which the pH gradient is formed, was done at 2000 V, 2.5 mA, 3.5 W, 15°C, and
75 V. Then, the purified chitinase was applied to the polyacrylamide gel (gradient pH 3-9) and
the power set at 200 V, 2.5 mA, 3.5 W, 15°C, and 15 Vh. The applicators were raised at the
beginning of step 3 and the proteins migrated to their isoelectric points at 2000V, 2.5mA, 3.5W,
15°C, and 410 Vh. A mixture of pl calibration standards (pl 4.45-9.60; Bio-RAD), composed of
phycocynin (3 bands, 4.45, 4.65, 4.75), b-lactalbumin B (5.10), bovine carbonic anhydrase (6.00),
human carbonic anhydrase (6.50), equine myogolobin (7.00), human hemoglobin A (7.10),
human hemoglohin C (7.50), lentil lectin (7.80, 8.00, 8.20) and cytochrome ¢ (9.60), was loaded
in one lane in the electrophoretic run,

For protein staining, the gel on the gel support film was placed into staining solution
(0.1% CuSQ,, 0.02% PhastGel Blue R, 60% double distilled water, 30% methanol, and 10%
acetic acid) for 5 min and was placed into destaining solution (60% double distilled water, 30%
methanol, and10% acetic acid) for 5 min,
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2.2.12 Determination of pH optimum of the chitinase
The purified enzyme was used to study the effect of pH on the enzyme activity. The
chitinase activity was measured at various pH by the colorimetric method described in section
2.2.8.5, using 1% colloidal chitin as a substrate. The enzyme was incubated for 10 min at 40°C in
0.1 M acetate buffer at pH 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0; 0.1 M phosphate huffer at pH 5.5, 6.0,
6.5,7.0,and 7.5; 0.1 M Tris-HCl at pH 7.0, 7.5, 8.0, 8.5, and 9.0.

2.2.13 Determination of temperature optimum of chitinase
The purified enzyme was used to study the effect of temperature on the chitinase activity.
The enzyme was incubated for 10 min in 0.1 M sodium acetate buffer pH 4.5 at 30, 35, 40, 45,
50, 55, 60, 65, and 70°C. The reaction was followed by measuring chitinase activity with
colorimetric method as described in 2.2.8.5, using 1% colloidal chitin as a substrate.

2.2.14 Determination of substrate specificity
The purified enzyme was used to study substrate specificity for chitinase activity. Two
hundred microliters enzyme was incubated in buffer at 40°C for 10 min, using 800 nl of each
substrate: colloidal chitin, purified chitin, swollen chitin, glycol chitin, and chitosan. The reaction
was followed by colorimetric method as described in2.2.8.7.

2.2.15 Determination of enzymatic assay

The endochitinase assay with the purified chitinase was performed in 0.1 M acetate buffer,
pH 45, according to Tronsmo and Harman (1993) using p-nitrophenyl-N-acetyl-b-D-
glucosaminide,  p-nitrophenyl-N Nediacetylchitobiose, and p-nitrophenyl-N,N¢Naztriacetyl-
chitotriose as substrate. One hundred microliters of 10 mM solution of each substrate and
850 milliliters of 0.1 M sodium acetate buffer pH 4.5 were mixed with 0.05 ml of purified
enzyme, incubated at 40°C for 15 min and 2 ml of 2 M sodium carbonate was added. The
absorbances of the solutions were measured at 400 nm and the concentrations calculated by
comparison to 0-0.20 ninol p-nitrophenol standard curve. The standard curve was used to
calculate the unit.



13

2.2.16 Determination of chitinase reaction products by HPLC

Colloidal chitin was incubated with purified enzyme for periods 15 min, 30 min, 1 h, 2h,
4h, 8h, 16 h, and 24 hin 0.1 M sodium acetate buffer pH 4.5 under the standard assay conditions.
Substrate blanks were included in parallel. The reactions were stopped by boiling for 3 min. After
centrifugation at 5000 x g for 10 min, the soluble products were filtered through a 0.45 rin filter.
Twenty microliters filtered supernatant was separated by HPLC Series 1100 (Hewlett Packard,
Waldbronn, Germany) on a CARBOSep CHO-411 oligosaccharide column (Transgenomic,
Omaha, NE USA), which contain a 0.78 x 30-cm bed packed with an  trangenomic cation
exchange resin in the Na” ionic form, and CARBOSep CHOG611 guard column. It is specifically
designed for the separation of polysaccharide such as those found in corn syrups and related food
products on a single chromatographic profile. The column conditions were performed at 70C and
eluted with water at a flow rate 0.4 ml/min. The products were detected on the basis of their

absorbance at 210 nm and identified by comparison to (GlcNAc), standards from n = 1-4.

2.2.17 Determination of kinetic values
The kinetic properties of chitinase were performed using colloidal chitin, p-nitrophenyl-
N.NeNaztriacetylchitotriose, and N,NeNasNasstetraacetylchitotetraose as substrate. The colloidal
chitin was suspended in 0.1 M sodium actetate buffer, pH 4.5, ranging in concentration from 0 to
20 mg dry weight chitin/ml. The activity was determined by detecting the product using
colorimetric assay as previously described in section 2.2.8.7. For p-nitrophenyl-N,NgNas
triacetylchitotriose was dissolved in 0.1 M acetate buffer pH 4.5, ranging in concentration from
0-0.25 mM. The reaction mixture containing 450 rd substrate, 50 rd enzyme was incubated at
50-C for 5 min and stop reaction by 1 ml of Na,CO,. The absorbance of Supernatant was
measured at 400 nm and identified by comparison to a 0-0.20 ninol p-nitrophenol standard curve.
The standard curve was used to calculate the unit.
For chitotetraose, 100 rd enzyme was incubated in 500 nd acetate buffer pH 4.5 containing
300 ng/ml chitobiose, at 40°C for 10 min and the reaction was stopped by boiling for 3 min. The
soluble products were isolated by centrifuging at 10,000 x g for 10 min and filtering through a
0.45 rin filter. Twenty microliters filtered supernatant was separated by HPLC as described in the
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section 2.2.16 and identified by comparison to a 0-1.0 ma GIcNAc standard curve. The standard
curve was used to calculate the unit.
Initial rate velocities were fit to the hyperbolic rate equation and Lineweaver-Burk double

reciprocal plots to determine K, and V., values.

2.2.18 Determination of antifungal activity from purified chitinase

Fourteen fungi were tested to determine the antifungal activity of the chitinase using the
hyphal extension-inhibition assay (Robert and Seliterennikoff 1988). A slant of fungal conidia
was placed in the center of potato dextrose agar (PDA) plate and was growth at 30-C for
2-3 days. After that, twenty micrograms of control (the recombinant protein without chitinase),
and recombinant protein solution at concentration of 0.5, 1.0, and 2.0 ng were added to 0.5 mm
filter paper discs and the discs placed at equal distance from the fungal slant and each other on the
plate. Resulting hyphae grew outward from the central disc as a circle unless an effective
concentration of inhibitor was contacted in a perimeter disc. In the later case, a crescent of growth
inhibition was observed around the disc for 2-3 days.
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Results and Discussion

3.1 Cloning and sequencing of chitinase fragment

Degenerate primers were designed based on the most highly conserved regions of shared
amino acid identity among 36 glycosyl hydrolase family 19 plants chitinase sequences from the
Swiss-Port database by multiple sequence alignment as shown in Figure 3.1. Two forward
primers (chitl9E191f, outer and chit19H210f, inner) and two reverse primers (chitL9P301r, inner
and chit19A326r, outer) were used in Nested PCR. A single product was obtained from the outer
primer set of approximately 400 bp (Figure 3.2 A lane 2, 3) and a single product of approximately
300 bp was produced by reamplification of this product with the inner primer set (lane 4, 5). The
products were purified and extracted from 8% polyacrylamide gel electrophoresis (Figure 3.2 B)
and cloned into pGEM-T plasmid vector.

The cloned amplified fragment plasmid inserts were first confirmed by restriction digest
with Pst | and Sac 11 and agarose gel electrophoresis (Figure 3.3). The size of the recombinant
plasmids are No. 1 about 3,200 bp (lane 2) which gave the insert size about 200 bp (lane 3) and
No. 2 about 3,300 bp (lane 4) which gave the expected insert size about 300 bp (lane 5). The
result of expected size leucaena chitinase cDNA fragment Sequence was translated to amino acid
sequence (Figure 3.4).

Comparison of the deduced amino acid sequence with the GENBANK database indicated it
was homologous to a number of plant chitinase with the closest match being chick pea
(Cicer arietinum, AC: CAA101891) class I chitinase with 83% identity (Figure 3.5). The amino
acid sequence contained many residues that were identical to conserved amino acids found in
other plant chitinase sequences. This indicated that this cDNA fragment was from a chitinase
homologue mRNA as expected.
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1 30 60 90
1904 EFTTL FL LFSVLLLSAS AEQCGSQAGGALCASGL CCSKFGWCGDTNDYCGPGNCQSQC PG G |
1910 EFTTL FL LFSVLLLSAS AEQCGSQAGGALCASGL CCSKFGWCGNTNDYCGPGNCQSQC PG
1927 MRLSEFTTL FL LFSVLLLSAS AEQCGSQAGGALCASGL CCSKFGWCGNTNEYCGPGNCQSQC PG G
1912 EFTIF SL LFSLLLLNAS AEQCGSQAGGALCAPGL CCSKFGWOGNTNDYCGPGNCQSQC PG G
1911 MRLREFTALSSL LFSLLLLSAS AEQCGSQAGGARCASGL CCSKFGWCGNTNDYCGPGNCQSQC PG G
1905 MRLCKFTALSSL LFSLLLLSAS AEQCGSQAGGARCPSGL CCSKFGWCGNTNDYCGPGNCQSQC PG GP
1935 MRRHKEVNFVAYL LFSLLVLVSAALAQNCGSQGGGKACASGQ CCSKFGACGNTNDYCGSGNCQSQC PG G
1916 EFTAL SL LFSLLLLTAS AEQCGKQAGGARCAAGL CCSNFGWCGNTNDYCGPGKCQSQC PS  GP
1913 MRLLEFTALSSL LVLFLLLAVS AEQCGKQAGGARCPSGM CCSNFGWCGNTQDYCGPGKCQSQC PS GPGP
1926 MGLWALVAFC LLSLILVGS AEQCGGQAGGRVCPGGA CCSKFGWCGNTADYCGSG CQSQC SS
1906 MKSCLLLFL | FSFLLSFSL AEQCGRQAGGALCPNGL CCSEFGWCGDTEAYCKQPGCQSQC GG - Cl ass |
1931 MKTNLFLFL | FSLLLSLSS AEQCGRQAGGALCPNGL CCSEFGWCGNTEPYCKQPGCOQSQC TP GGT
1934 MKKNRMVVM WSVGVVMML L L VGGSYGEQCGRQAGGAL CPGGN CCSQFGWCGSTTDYCGPG CQSQC GG
1909 MSKL RI PI LLVLFI VSCCSAEQCGTQAGGALCPGGL CCSKFGACGSTSEYCGDG CQSQC SG
1917 MKKNRMM M CSVGVWWWLLVGGS YGEQCGRQAGGALCPGGN CCSQFGWCGSTTDYCGKD CQSQC GG
1902 MRAFVL FAVAMAATMAY AEQCGSQAGGATCPNCL CCSRFGWCGST PYCGDG CQSQC SGCGGGS
1903 MRAL ALAVWAMAWAVR GEQCGSQAGGALCPNCL CCSQYGWCGSTSDYCGAG CQSQC SGGCGG
1936 MKRTLKVSFFI LCLLPLFLGSK  AEQCGSQAGGAVCPNGL CCSKFGFCGSTDPYCGDG CQSQC KS  SP
1908 MRALAVVAMVARPFL AAAVHAEQCGSQAGGAVCPNCL  CCSQFGWCGSTSDYCGAG CQSQC SR
1925 MSVMAFAFFSLFLSLSVRGS AEQCGQQAGDALCPGGL CCSSYGWCGTTADYCGDG CQSQC DGGGGGG
1918 MBVWAL FAFFSLFLSLSVRGS AEQCGRQAGDALCPGGL CCSSYGWCGTTVDYCG G CQSQC DGGGGGD
1920 VKF NI VSPVAL SCLFF CFLTGILAQNA =
1921 VKF NI VSPVAL SCLFF LFLTGTLAQNA
1929 NEF SGSPL TLF CCVFF LFLTGSLAQG
1930 NEF SGSPM ALF CCVFF LFLTGSLAQG — Class |1
1923 ML CCVFL LFLTGSFAQD
1933 MKFW GSVL AL SFWF LFLTGTLAQN
1928 LSQN
1907 VRSLAWV VAWATVAM AGTARGS —
1919 VRFWAL TVL SLLLSLLLGVSSDTAQCGSQAGNATCPNDL CCSSGGYCGLTVAYCCAG CVSQC
1901 MVVRFL SAVVI MSSAMAVGLVSAQRCGSQGGGGETCP ALWCCS| WBWCGDSEPYCGRT  CENKCWSGERSDHRCGAAVGNPPCGQD
1922 MANAPRI LALGLLALLC __ AAAGPAAAQNCGCQPNF CCSKFGYCGT TDAYCGDGCQSGPCRSGGGGG  —
1924 PQLVALGLALLC ~ AVAGPAAAQNCGCQPNV CCSKFGYCGTTDEYCGDGCQSGPCRSG
1914 MALTKLSLVLFLCFLGLYSE TVKSQNCGCAPNL CCSQFGYCGSTDAYCGTGCRSGPCRSP | _Class IV
1915 MGNKLVLVLVAVALV MGPKNVSAQNCGCAEGL CCSQYGYCGTGEDYCGTGCQQGPCTTA
1932 QNCQCDTTI YCCSQHGYCGNSYDYCGPGCQAGPCWDP

91 120 150 180
1904 PGP S GD LGGVI SNSMFDQMLNHRNDNACQGKGNFYSYNAFI SAAGSFPGFG
1910 GS P GD LGGVI SNSMFDQVLNHRNDNACQGKGNFYSYNAFI SAAGSFPGFG
1927 PGP S GD LGGVI SNSMFDQVLNHRNDNACQGKNNFYSYNAFVTAAGSFPGFG
1912 PGP S GD LGGVI SNSMFDQVLNHRNDNACQGKNNFYSYNAFI SAAGSFPGFG
1911 PTP  PGGGD LGSI | SSSMFDQMLKHRNDNACQGKG FYSYNAFI NAARSFPGFG
1905 TPT PPTP  PGGGD LGSI | SSSMFDQMLKHRNDNACQGKG FYSYNAFI NAARSFPGFG
1935 GPGP  GPGGD LGSAI SNSMFDQMLKHRNENSCQGKN FYSYNAFI NAARSFPGFG
1916 SPK  PPTPGPGPSGGD | GSVI SNSMFDQML KHRNDNACQGKNNFYSYNAFI NAARSFGGFG
1913 TPR  PPTPTPGPSTGD | SNI | SSSMFDOM.KHRNDNTCQGKS FYTYNAFI TAARSFRGFG
1926 TGD | GQLI TRSMFNDMLKHRNEGSCPGKG FYTYDAFI AAAKAFPGFG
1906 T PPGP TGD LSG | SRSQFDDM.KHRNDNACPARG FYTYDAFI NAAKSFPGFG
1931 PPGP TGD LSG | SSSQFDDMLKHRNDAACPARG FYTYNAFI TAAKSFPGFG
1934 PSP APTD LSAL| SRSTFDQVLKHRNDGACPAKG FYTYDAFI AAAKAYPSFG
1909 SSG GGT  LSSLI SGDTFNNM.KHRNDNACQGKP FYTYDAFLSAAKAFPNFA
1917 PSP APTD LSALI SRSTFDQVLKHRNDGACPAKG FYTYDAFI AAAKAYPSFG
1902 TPV  TPTP  SGGGG VSS| VSRALFDRM.LHRNDGACQAKG FYTYDAFVAAASAFRGFG
1903 GPTPPSSGGGSG  VASI | SPSLFDQMLLHRNDQACRAKG FYTYDAFVAAANAYPDFA
1936 TPT _ IPTP STGGGD VGRLVPSSLFDQVLKYRNDGRCAGHG FYTYDAFI AAARSFNGFG
1908 LRR  RRPDASGGGGSG VASI VSRSLFDLM_LHRNDAACPASN FYTYDAFVAAASAFPGFA
1925 GGG GGGGGEGGGEGEEDGYLSDI | PESMFDDM.KYRNDPQCPAVG FYTYNAFI SAAKEFPDFG
1918 GGDDGCDGGDDGGEDGDDGYLSDI | PKSKFDALLKFRNDARCPAAG FYTYNAFI SAAKEFPDFEG
1920 GST VTRELFEQVL SFRNNDACPAKG FYTYDAFT AAANSFPGRG
1921 GSI VTRELFEQVL SFRNNDACPAKG FYTYDAFI AAANSFPGFG
1929 I GSI VTNDLFNEM_KNRNDGRCPANG FYTYDAFI AAANSFPGFG
1930 | GSI VTSDLFNEM.KNRNDGRCPANG FYTYDAFI AAANSFPGFG
1923 VGTI VTSDLFNEMLKNRNDDRCPAKG FYTYDAFI AAANSFPGFG
1933 VGS| VTSDLFDQVLKNRNDARCFAVR FYTYDAFI AAANSFPGFG
1928 I SSLI SKNLFERI LVHRNDRACGAKG FYTYEAFI TATKTFAAFG
1907 VSSI VSRAQFDRM.L HRNDGACQAKG FYTYDAFVAAAAAFPGEG
1919 RNCFFTESMFEQVLPNRNNDSCPGKG FYTYDAYFVATEFYPGRG
1901 RCCSVHGWOGGGNDYCSGSKCQYRCSSSVRGPRVAL SGNSTANSI GNVWVTEPLFDOVESHRKD  CPSQG FYSYHSFLVAAESFPAFG
1922 GGGGGGGOGSGGANVANVVTDAFENG | KNQAGSGCEGKN FYTRSAFLSAVNAYPGFA
1924 RGGGGSGGGGANVASVWTSSFENG | KNQAGSGCEGKN FYTRSAFLSAVKGYPGFA
1914 GGTPSPPGGGS  VGS| VTQAFFNG | NQAGGGCAGKN FYTRDSFI NAANTFPNFA
1915 SPPPSNNVNADI LTADFLNG | DQADSGCAGKN FYTRDAFLSALNSYTDFG
1932 CEGDGTLTVSDI VTQEFWDG | ASQAAANCPGKS FYTRSNFLEAVSAYPGEG

Igure 3.1 Multiple sequence alignment of family 19 chitinase with primers. The peptides from
which primers were derived. Underlines demark classes Feng and Doolittle, 1996, propack
protein sequence “alignment program”).
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1904
1910
1927
1912
1911
1905
1935
1916
1913
1926
1906
1931
1934
1909
1917
1902
1903
1936
1908
1925
1918

181

TTGDI TARKREI AAFFAQTSHETTGGWPTAPDGPYAWGYCFLRE
TTGDI TARKREI AAFFAQTSHETTGGWASAPDGPYAWGYCFLRE
TTGDI TARKREI AAFLAQTSHETTGGWPTAPDGPYAWGYCFLRE
TTGDI TARKREI AAFLAQT SHETTGGWPSAPDGPYAWGYCFLRE
TSGDTTARKREI AAFFAQTSHETTGGWATAPDGPYAWGYCWLRE
TSGDTTARKREI AAFFAQTSHET TGGWATAPDGPYAWGYCWLRE
TSGDI NARKREI AAFFAQT SHET TGGWASAPDGPYAWGYCFLRE
TTGDTTARKREI AAFFAQTSHETTGGWPTAPDGPYAWGYCFLRE
TTGDTTRRKREVAAFFAQTSHET TGGWDTAPDGRYAWGYCYL RE
TTGDTTTRKREI AAFLAQTSHETTGGWASAPDGPYAWGYCYL RE
TTGDTATRKKEI AAFFGQTSHETTGGWATAPDGPYSWGYCFKQE
TTGDTATRKKEVAAFFGQTSHET TGGWATAPDGPYSWGYCFKQE
NTGDTATRKREI AAFL GQTSHET TGGWATAPDGPYAWGYCFVRE
NKGDTATKKREI AAFL GQTSHET TGGWPTAPDGPYAWGYCFLRE
NTGDTATRKREI AAFL GQTSHET TGGWATAPDGPYAWGYCFVRE
TTGGTDTRKREVAAFL AQTSHET TGGWATAPDGAFAWGY CFKQE

210

E191f > H201f >

240

QGSPGDYC
QGSPGDYC
QGSPGDYC
QGSPGDYC
QGSPGDYC
QGSPGDYC
RGNPGDYC
QGSPGDYC
QGNPPSYC
QGSPGAYC
QNPSSNYC
QNPASDYC
R NPSTYC
Q NPSTYC
R NPSAYC
RGATSNYC

TPSG
VQSS
VPSA
SPSA
EPSA
SATP
QASS
SATP
TPSA
EPKP

TPSS QWPCAPGRKYFGRGPI QI SHNYNYGPCGRAI
TPSN QAPCAPGRKYFGRGPI Qf SHNYNYGPCGRAI
TPSS QWPCAPGRKYFGRGPI Qf SHNYNYGPCGRAI
TPSS QWPCAPGRKYFGRGPI QI SHNYNYGPCGRAI
TPSG QAPCAPGRKYFGRGPI Qf SHNYNYGPCGRAI
TPSG QAPCAPGRKYFGRGPI Qf SHNYNYGPCGRAI
PPSS QWPCAPGRKYFGRGPI Qf SHNYNYGPCGRAI
QWPCAPGRKYFGRGPI QI SHNYNYGPCGRAI
QAPCAPGQKYYGRGPI Qf SYNYNYGPCGRAI
QWPCAAGRKYYGRGPI Qf SYNYNYGQAGKAI
EWPCASGKSYYGRGPMQL SWNYNYGQOGRAI
TWPCASGKRYYGRGPMOL SWNYNYGL CGRAI
QFPCAPGQQYYGRGP! QO SWNYNYGQOGRAI
EFPCASGKQYYGRGPI QI SWNYNYGQCGRAI
QFPCAPGQQYYGRGP! Qf SWNYNYGQCGRAI
QWPCAPGKSYYGRGPI QL SHNYNYGPAGRAI

270

TTRDADTCKREVAAFLAQTSHET TGGWPTAPDGPYSWGYCFKEENNGNAPTYC
TTGDDNTKKKELAAFLAQTSHET TGGWPTAPDGPYAWGYCFVSE ONTQEVYC
AAGDADTNKREVAAFLAQT SHETTGGWATAPDGPYTWGYCFKEENGGAGPDYC

NTGDDL MRKREI AAFL GQT SHETNGWAPAAQGDQYDWGYCHM

NTGDDL MRKREI AAFL GQTSHETTGGWPDAPCGPYAWGYCYLKEI NCQP  YC

EVWPCAAAKKYYGRGPI Qf TYNYNYGR GAGI
DWPCAPGKKYYGRGP! QL THNYNYGLAGQAI
QWPCAAGKKYYGRGP! QL SYNFNYGPAGQAI
NYNYGL CGDDL
NYQCVAGKQYCGRGP! QL SWNYNYGLCGDDL

SPK
QQBA

DPSS

1920
1921
1929
1930
1923
1933
1928

1919
1901

TTGDDTARKKEI AAFFGQTSHETKGG
TAGDDTARKKEI AAFFGQT SHETNGG
TSGDDTARRKEI AAFFGQTSHETTGG
TTGDDTARRKEI AAFFGQTSHETTGG
TTGDDTARKKEI AAFFGQTSHETTGG SLSADGPFAGGYCFVRE
TTGDDTARKKEI AAFFGQTSHETTGG TLSPDGPYAGGYCFLRE
TTGDTNTRNKEI AAFLAQTSHETTGGWATAPDGPYSWGYCYNRE QGSPGDYC ASSQ QWPCAPGKKYFGRGPI QF SYNYNYGAAGSAI
1907  TTGSADAQKREVAAFLAQTSHETTGGWATAPDGAFAWGYCFKQE RGASSDYC TPSA QWPCAPGKRYYGRGPI

SAGTFTGGYCFVRQ

SAGTFTGGYCFVKQ
SLSAEPFTGGYCFVRQ
SLSAEPFTGGYCFVRQ

| DQSDRYYGRGPI QL THQSNYERAGQG
| EQSDRYYGRGP! QL THQSNYERAGQG!
NDQSDRYYGRGPI QL TNQNNYEKAGNAI
NDQSDRYYGRGPI QL TNRNNYEKAGTAI
GNQVIGSGFYGRGP! QL TGQSNYDLAGQAI
GNQVGNGYYGRGPI QL TGQSNYDLAGKAI

SHNYNYGPAGRAI
MT GDDDTRKRELAAFFAQT SQETSGRSI | GEDAPFTWGYCLVNE LNPNSDYC DPKT KSSYPCVADYYGRGPLQLRWNYNYGECGNYL

TI GDVATRKREVAAFLAHI SQATSGER SDVENPHAWGL CHI NTTTVTENDFC  TSSDWPCAAGKKYSPRGPI QL THNFNYGLAGQAI

1922
1924
1914
1915
1932

HGGTEVEGKREI AAFFAHVTHETG
HGGSQVQGKRE! AAFFAHATHETG

NS

VTRREI ATMFAHFTHETG

RVGSEDDSKREI AAAFAHFTHETG
TKCTDEDRKREI AAYFAHVTHETG

HFCYI SE | NKSNAYC DASNRQWPCAAGQKYYGRGPLQ SWNYNYGPAGRDI
HFCYI SE | NKSNAYC DPTKRQWPCAAGOQKYYGRGPLQI SWNYNYGPAGRAI

HFCYI EEI NGASRDYC DENNRQYPCAPGKGYFGRGPI QL SWNYNYGACGQSL
HFCY| EElI DGASKDYCDEESI AQYPCSSSKGYHGRGPI QL SWNFNYGPAGSAN
HLCYI EERDGHANNYC — QESQQYPCNPNKEYFGRGPMQAL SWNYNYI DAGKEL

1904
1910
1927
1912
1911
1905
1935
1916
1913
1926
1906
1931
1934
1909
1917
1902
1903
1936
1908
1925
1918

27

=

PRHLLII2RLIEILLIL222

NL
KL

300

<P301r

DLLNNPDLVATDSVI SFKSAI WFWMT PQSP
DLLNNPDLVATDSI | SFKSAI WFWMT PQSP
DLLNNPDLVATDPVI SFKSAI WFWMT PQSP
DLLNNPDLVATDSVI SFKSAI WFWMTPQSP
DLLNNPDLVATDPVI SFKSALWFWMTPQSP
DLLNNPDLVATDPVI SFKSALWFWMTIPQSP
DLLNNPDLVATDPVI SFKTALWFWMT PQSP
DLLNNPDLVATDPVI SFKSAI WWWMTPQSP
NLLNNPDLVATNAVVSFKSAI WFWMTAQSP
DLVNNPDLVATDAVI SFKTAFWFWMT PQSP
DLLNNPDLVSNDPVI AFKAAI WFWMT PQSP
DLLNNPDL VANDAVI AFKAAI WFWMT AQPP
DLLNKPDLVATDSVI SFKSALWFWMTIAQSP
DLLNNPDLVATDPVI SFKTALWFWMTPQSP
DLLNKPDLVATDSVI SFKSALWFWMTIAQSP
DLLRNPDLVATDPTVSFKTAMAFWMT AQAP
DLLNNPDLVASDA VSFKTAFWFWMTPQSP
DLI NNPDLLSTNPTVSFKTAI WFWMTPQAN
DL L GDPDL VASDATVSFDTAFWFWMT PQSP
PLLQEPELVETDPFI AFKTALWFWMT PQSP
PLLQEPELVETDPVI SFKTAI WFWWKPQSP

330
<G3261

KPSCHDVI TGRWQPSGVDQAANRVPGFGYI TNI | NGGLECGH
KPSCHDVI TGRWQPSGTDQAANRVPGFGYI TNI | NGGLECGH
KPSCHDVI TGRWQPSGADQAANRVPGFGYI TNI | NGGLECGH
KPSCHDVI TGRWQPSGADQAANRVPGFGYI TNI | NGGLECGH
KPSCHDVI | GRAQPSSADRAANRL PGFGYI TNI | NGGLECGR
KPSCHDVI | GRWQPSAGDRAANRL PGFGYI TNI | NGGLECGR
KPSCHDVI | GRANPSSADRAANRL PGFGYI TNI | NGGLECGR
KPSCHDVI | GRAWQPSAADRAANRL PGFGYI TNI | NGGLECGR
KPSCHDVI TGRWTPSAADRAANRL PGYGYI TNI | NGGLECGH
KPSCHNVI TGGWIPSGADRSAGRL PGFGYI TNI | NGGVECGK
KPSCHAVI VGQAQPSDADRAAGRVPGYGVI TNI | NGGLECGR
KPSCHAVI AGQAQPSDADRAAGRL PGYGVI TNI | NGGLECGR
KPSSHDVI TSRWIPSSADVAARRL PGYGTVTNI | NGGLECGR
KPSCHDVI TGGWIPSSADRAAGRL PGYGTVTNI | NGGLECGR
KPSSHDVI TSRWTPSSADVAARRL PGYGTVTNI | NGGLECGR
KPSSHAVI TGQASPSGTDRAAGRVPGFGYI TNI VNGG ECGH
KPSCHAVI TGQATPSADDQAAGRVPGYGEI TNI | NGGVECGH
KPSSHDVI TGRWIPSAADSSAGRVPGYGYI TNI | NGGI ECGH
KPSCNAVAT GQATPSADDQRAGRVPGYGYI TNI | NGGLECGH

KPSCHAVI TESWIPSAADSEAGRVPGYGVI TNI | NGGI ECGQGGPNNANENRI G-
KPSCHAVI TGNWIPSAADL EAGRVPGYGVI TNI | NGGI ECGQGGPNAANEDRI GF

360

GSDSRVQDRI GF
GSDSRVQDRI GF
GSDSRVQDRI GF
GSDSRVQDRI GF
GTDSRVQDRI GF
GTDSRVQDRI GF
GTDNRVQDRI GF
GSDSRVQDRI GF
GSDARVQDRI GF
GVVPQVQDRI GF
GQDARVADRI GF
GQDGRVADRI GF
GQDSRVQDRI GF
GQDSRVQDRI GF
GQDSRVQDRI GF
GQDSRVADRI GF
GADDKVADRI GF
GQDNRVDDRVGF
GEDDRI ADRI GF

1920
1921
1929
1930
1923
1933
1928
1907

GVGQDLVNNPDLVATDPI | SFRTAI WFWMTAQDN
GVGQELVNNPDLVATDPI | SFKTAI WFWMTEQDN

RQ

DLVNNPDLVATDATI SFKTAI WFWMT PQDN
ELVNNPDLVATDATI SFKTAI WFWMTPQDN
DLVNNPDLVATDATVSFKTAI WFWMTAQGN
DLVNNPDL VATDATVSFKTAI WFWMT PQGN
NLLNNPDLVANDAVVSFKTAL WFWMT AQQP
DLLANPDLVATDATVGFKTAI WFWMTAQPP

KPSCHNVI | GOWTPSPADTAANRVPGYGVI TNI | NGGLECNM GPNTAVESRI GF
KPSCHNVI | GOWTPSPKDTAANRVPGYGVI TNI | NGQFECGM GPNTAAESRI GF

KPSSHDVI | GSWIPSAADQSANRAPGCGVI TNI | NGGI ECGV
KPSSHDVI | GRWIPSAADQAANRVPGYGVI TNI | NGGI ECGI
KPSCHDVI TGQWIPSAADASANRQPGYGVI TNI | NGGI ECGK
KPSCHDVI TGRWIPSAADTSANRVPGYGVI TNI | NGG ECCGK
KPSAHDVI TGRWSPSVADSAPGRVPGFGVI TNI | NGGVECNS
KPSSHAVI AGOWSPSGADRAAGRVPGFGVI TNI | NGGI ECGH

GPNAAVEDRI GY
GRNDAVEDRI GY
GQNPQVEDRI GF
GQNARVEDRI GY
GSNALNMDNRI GF
GQDSRVADRI GF

1919
1901

NL L DEPEKVATDPVL SFEAALWFWWNPHSTGAPSCHEVI TGEWSPSEADI EAGRKPGFGVLTNI | TNGGECTK DGKTRQQNRI DY

DLI QNPDLVEKDPI | SEKTALWFWVSQHDN KPSCHDI VL

NANSAANRI PNKGVI GNI | SRAF  GH DDFAVRSSSI GF

1922
1924
1914
1915
1932

TEFRRRBLLEBE

NGL ADPNRVAQDAVI AFKTALWFWWNNVHGVMP
DGL GDPGRVARDAVVAFKAAL WFWYN
NLL GQPELVSSNPTVAFRTGLWFWWN
DGL GAPETVSNDVVVSFKTALWYWM
DGLNDPDI VGRDPI | SFKTSLWW

SVHGVVP

SVRPVLN

QHVRPVI N
RKGVQYVI L

QGFGATI RAI NGALECNG NNPAQWNARVGY
QGFGATTRAMOQRALECGG NNPAQWNARVGY
QGFGATI RAI N GVECNG GNSGAVNARI RY
QGFGATI RAI NGALECDG ANPTTVQARVNY
DPNQGFGATI RI | NGGQECDG HNTAQVIVARVGY

Figure 3.1 (Continued)
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361 400
1904 YRRYCG LGVSPGDNLDCGNQRSFGN GL LVDTM ]
1910 YRRYCG LGVSPGDNLDCGNQRSFGN GL LVDTV
1927 YRRYCG LGVSPGENL DCGNQRSFGN GL LVDIM
1912 YRRYCG LGVSPGDNLDCGNQRSFGN GL LVDTV
1911 YRRYCSI LGVSPGDNL DCGNQRSFGN GL LVDTM
1905 YRRYCSI LGVSPGDNL DCGNQRSFGN GL LVDTM
1935 YRRYCSI LGVTPGDNLDCVNQRVWEGN AL LVDTL
1916 YRRYCG
1913 YRRYCS| LGVSPGDNI DCGNQKSFNS GL LLETM
1926 YKRYCDI LRVSYGNNLDCNNQRPFGS GL LLDTI
1906 YQRYCNI LGVNPGGNL DCYNQRSFAS VNF  FLDAAI — Class |
1931 YQRYCNI FGVNPGGNL DCYNQRSFVN GL LEAAI
1934 FKRYCDL L GVGYGNNLDCYSQTPFGN SLL LSDLVTSQ
1909 YKRYCDI FG| GYGDNLDCYSQRPFGSSLPLSSI  LLDTVAAA
1917 FKRYCDLL GVGYGNNL DCYSQTPFGN SL  FLSDLVTSQ
1902 YKRYCDI LGVGYGNNLDCYSQRPFA
1903 YKRYCDM_ GVSYGDNL DCYNQRPYPPS
1936 YKRYCQ FGVDPGGNL DCNNQRSFA
1908 YKRYCDI LGVSYGANLDCYSQRPSAPPKLRLPS ~ FHTVI NNH
1925 YKTYCDSL GTTYGSNL DCYQQRPFGY GLLGLKDTM
1918 YKKYCDSL GTTYGSNL DCYQQRPFGY GLSGLKDTM —
1920 YRRYCGNL NVPTGENL DCNNQKNFAQ G —
1921 YRRYCGM_NVPTGENL DCNNQKNFAQ G
1929 YRRYCGM.NVAPGDNL DCYNQRNFAQ G
1930 YRRYCGM. NVAPGENL DCYNQRNFGQ G I— Class |1
1923 YRRYCTI LNVAPGDNL DCYDQRNFAEA
1933 YRRNVSI M\VAPGDNL DCYNQRNFAEV
1928 YRRYCQ L GVDPGNNLDCANQRPFG
1907 YKRYCDI L GVGYGNNLDCYSQRPFA —
1919 YL RYCDML QVDPGDNL YCONQE TFED NGLLKWGTM
1901 YKRYCDM. GVSYGHDL KYWEDNTPSS EFQRI QVRVAA
1922 YKQYCQQLRVDPGPNLT C —
1924 YRQYCRQLGVDPGPNLTC
1914 YRDYCGQL GVDPGPNLSC I— Class IV
1915 YTEYCRQLGVATGDNLTC
1932 YQEYCAQLGVSPGNNLPC —

Figure 3.1 (Continued)

1904 Endochitinase 1 precursor, Solanum tuberosum, (AC: P52403), potato

1910 Endochitinase 2 precursor, Solanum tuberosum, AC: P52404, potato

1912 Endochitinase 3 precursor, Solanum tuberosum, AC: P52405, potato

1927 Basic 30 KD endochitinase precursor, Lycopersicon esculentum, (AC: Q05538), tomato
1911 Endochitinase B precursor, Nicotiana tabacum, (AC: P24091), common tobacco

1905 Endochitinase A precursor, Nicotiana tabacum, (AC: P08252), common tobacco

1935 Endochitinase precursor, Solanum tuberosum, (AC: P05315), potato

1913 Endochitinase 3 precursor, Nicotiana tabacum, (AC: P29059), common tobacco

1916 Endochitinase 4 precursor, Solanum tuberosum, AC: P52406, potato

1926 Basic Endochitinase precursor, Vitis vinifera, (AC: P51613), grape

1906 Endochitinase CH25 precursor, Brassica napus, (AC: Q09023), rape

1931 Basic endochitinase precursor, Arabidopsis thaliana, (AC: P19171), mouse-gar cress
1934 Endochitinase precursor, Phaseolus vulgaris, (AC: P06215), kidney bean, French bean
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1917 Endochitinase CH5B precursor, Phaseolus vulgaris, (AC: P36361), kidney bean, French
bean

1909 Endochitinase A2 precursor, Pisum sativum, (AC: P21226), garden pea

1902 26 KD Endochitinase 1 precursor, Hordeum vulgare, (AC: P11955), barley

1936 Endochitinase precursor, Pisum sativum, (AC: P36907), garden pea

1903 Basic Endochitinase 1 precursor, Oryza sativa, (AC: P24626), rice

1908 Basic Endochitinase 2 precursor, Oryza sativa, (AC: P25765), rice

1928 Basic endochitinase precursor, Lycopersicon esculentum, (AC: Q05537), tomato

1907 26 KD Endochitinase 2 precursor, Hordeum vulgare, (AC: P23951), barley

1925 Acidic endochitinase Win6.2B precursor, Poplus trichocarpa, (AC: P29031), western
balsam poplar

1918 Acidic endochitinase Win6 precursor, Poplus trichocarpa, (AC: P16579), western balsam
poplar

1919 Endochitinase Win8 precursor, Poplus trichocarpa, (AC: P16061), western balsam poplar

1920 Acidic endochitinase PCHT28 precursor, Lycopersicon chilense, (AC: Q40114), solanum
chilense

1921 Acidic 26 KD endochitinase precursor, Lycopersicon esculentum, (AC: Q05539), tomato

1929 Acidic endochitinase P precursor, Nicotiana tabacum, (AC: P17513), common tobacco

1930 Acidic endochitinase Q precursor, Nicotiana tabacum, (AC: P17514), common tobacco

1923 Acidic 27 KD endochitinase precursor, Lycopersicon esculentum, (AC: Q05540), tomato

1933 Acidic endochitinase precursor, Petunia hybrida, (AC: P29021), petunia

1901 Lectin endochitinase precursor, Urtica dioica (AC: P11218), great nettle

1922 Endochitinase A precursor, Zea mays (AC: P29022), maize

1924 Endochitinase B precursor, Zea mays (AC: P29023), maize

1914 Basic endochitinase CHB4 precursor, Brassica napus (AC: Q06209), rape

1915 Endochitinase PR4 precursor, Phaseolus vulgaris, (AC: P27054), kidney bean, French bean

1932 Acidic endochitinase precursor , Dioscorea japonica (AC: P80052)
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12345

1,000 —

500 —
300 —

Figure 3.2 A, 1%agarose gel electrophoresis of the first and the second PCR amplification using
the outer set (ChitLl9E191f, chit19A326r) and inner set (chitl9H210f, chitl9P301r) of chitinase
primers;

Lane 1: 100 bp DNA marker

Lane 2, 3: product of the first PCR with outer primer set

Lane 4, 5: product of the second PCR with inner primer set
B, 8% polyacrylamide gel of the second PCR amplification using chitinase primers;

Lane 1, 2: product of the second PCR with inner primer set

Lane 3: 100 bp DNA marker
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Figure 3.3 1% agarose gel electraphoresis of restriction analysis of recombinant plasmids
containing chitinase cDNA fragment.

Lane 1. Lambda/EcoR | +Hind I marker

Lane 2: Undigested recombinant plasmid from white colony No. 1

Lane 3: Pst I and Sac I1 digested recombinant plasmid from white colony No. 1

Lane 4: Undigested recombinant plasmid from white colony No. 2

Lane 5: Pst | and Sac I1 digested recombinant plasmid from white colony No. 2

Lane 6: 100 bp DNA marker
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10 20 30 40 50 60
CACGAGACGACGGGGGGECT GGCCCAGCGCT CCCGACGGT CCTTACGCCT GGGGTTACTGC
HETTGGMWPSAPDGPYAMWGTYC
70 80 90 100 110 120
TTCAAACAAGAACGGAACCCACCAAGCGCT TACT GTCAACCCAGCT CCGAATATCCATGT
F KQERNZPPSAYCOQPSSEYFPTC
130 140 150 160 170 180
GCTCCCGGCAAGCAATACT ATGGCCGCGGACCCAT GCAACT CTCCT GGAACTACAACTAC
AP GKQYYGRGPMOQLSWNYNY
190 200 210 220 230 240
GGACAGT GCGGAAGAGCCAT AGGAGCGGACT TGCT CAACGACCCGGACCT GGT GGCCAAT
G QCGRAI GADLTLNDTPUDTLV AN
250 260 270 280 290
GATGCTACGATCTCCTTCAAGACGGCAT TCTGGT TTTGGAT GACCGCT

DATI SFKTAFWFWMT A

20

40

60

96

Figure 3.4 DNA sequence and deduced amino acid sequence of leucaena chitinase from Nested-

PCR product.
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Leucaena : HETTGGWPSAPDGPYAWGY CFKQERNPPSAYCQPSSEYPC
Ci cer : HETTGGWSSAPDGPYAWGY CFLREQNP- STYCQPSSEYPC
Ar abi s : HETTGGWPTAPDGPFAWGY CFKQERDPPSNY COPSAAWPC
Medi cago : HETTGGWATAPDGPYAWGY CFVREQNPSSTYCQPSSEFPC
Pea: : HETTGGAPTAPDGPYAWGY CFLREQNP- STYCQASSEFPC
*khkkkk*k*%x *kk*k*k *kkkkx*% * %% * **%x * * %
Leucaena : APGKQYYGRGPMQL SWNYNYGQCGRAI GADLLNDPDL VAN
Ci cer - ASCKQYYGRGPI QLSWNYNYGQCGRAI GVDLLNNPDLVAT
Ar abi s : ARDKRYYGRGPMQL TWNYNYGQCGRAI GVDLLNNPDLVAN
Medi cago : ASGKQYYGRGPI Q SWNYNYGQCGRAI GVDLLNNPDLVAT
Pea ) ASG(QYYG?GDI Q SVWWYNYGQCGRAI GVDLLNNPDLVAT
* k*khkkkkk k k(kkkhkhkhkkkhkkhkhkkkhkkik kkhkkk kkkk*%
Leucaena . DATI SFKTAFWFWMTA 96 A A
Ci cer . DPVI SFKTAI WWMTP  83% I D
Arabi s . DAVI AFKAAI WWMTA  82% | D
Medi cago : DPVI SFKTALWFWMTP  81% | D
Pea : DPVI SFKTALWFWMTP ~ 80% | D
* * *%* * ***k*k*

Figure 3.5 Multiple sequence alignment of deduced amino acid sequences of chitinase from
leucaena, Leucaena leucocephala de Wit PCR clone; Cicer, Cicer arietinum (Genbank
AC: CAA10189); Arabis, Arabis glabra (AC: AAF69778); Medicago, Medicago truncatula
(AC: CAAT1402); and Pea, garden pea, Pisum sativum (AC: L37876 ). Conserved amino acid
residues are marked by asterisks.
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3.2 DNA amplification by using 3¢RACE method

To determine the 3¢end of the chitinase mRNA, total RNA extracted from germinated
seeds and the first strand DNA synthesis was performed using reverse transcriptase with the QT
primer. The first strand cDNA was then amplified by PCR using Taq polymerase with KB-1f
forward primer and KB-1r reverse primer. The PCR product (Figure 3.6) gave the expected size
band of about 650 b, but also was contaminated with large smeared bands less than 650 bp. The
expected hand (650 bp) was eluted and cloned into pT7blue T-vector.

The recombinant plasmids were first extracted and the inserts confirmed by restriction
digest with EcoR I and Pst I (Figure 3.7). The recombinant plasmids from clone 1, 4, 8, 9, and 11
gave the pT7 blue plasmid size, 2900 bp, band and the insert size about 650 bp band (Figure 3.7
lanes 2,5, 9, 10, 12). The other bands contained insert sizes less than 650 bp hand. The leucaena
chitinase cDNA 3¢RACE fragment was sequenced and the sequence was translated to amino acid
sequence using the GENETYX version 9.0 program for Macintosh QSoftware Development,
Shibuya-ku, Tokyo, Japan) as shown in Figure 3.8. Sequencing of the PCR product indicated that
it is composed of 663 bp of DNA sequence that translated to 173 amino acids, and included
primers, stop codon, and polyA.

The comparison of the deduced amino acid sequence with the GENBANK  database
indicated it was homologous to a number of plant chitinases, with the closest match being garden
pea (Pisum sativum, AC: L37876) chitinase with 82% identity (Figure 3.9). The amino acid
sequence region contained many amino acid residues that were identical to those conserved in
other plant chitinase sequences.
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23,130——
9,416——
6,557——
4,361——

2,322 ——
2,027—

<« 650

564—

Figure 3.60.8% agarose gel electrophoresis of the 3¢RACE PCR product amplified using KB-1f
and KB-1r chitinase primers.

Lane L Lambda/Hind I1I marker

Lane 2: 3¢RACE product
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12 3 4 5 6 7 8 9 10 11 12 13 14

564 ——

Figure 3.70.8% agarose gel electrophoresis of the 3¢RACE insert clone plasmids after restriction
digest with EcoR I and Pst 1.
Lane 1,14: Lambda/Hind 11l marker
Lane 2-13: EcoR | and Pst I digested recombinant plasmids from white colonies No.1, 2, 3, 4,
5,6,7,8,9,10, 11, and 12, from left to right respectively.
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10 20 30 40 50 60
[GCTTACGCCT GGGGT TACT GOTTCAAACAGGAACGGAACCCACCAAGCGCTTACTGTCAA
P Y AWGY CVFKQEWIRNZPWPSAY CDQ 20
KB- 1f >
70 80 90 100 110 120
CCCAGCTCCCAATATCCATGT GCTCCAGGCAAGCAATACT ATGGCCGCGGACCCATGCAA
P S S QY P CAPGIKIOQYYGRGPMDAQ 40

130 140 150 160 170 180
CTGTCCTGGAACTACAACTATGGACAGT GCGGAAGAGCCATAGGATCGGACTTGCTCAAC
L S WNYNYGOQCOCGRAI GS DL L N 60

190 200 210 220 230 240
AACCCCGATCTGGT GGCTAGCGATGCTGTGATATCCT TCAAGACGGCACTGTGGTTCTGG
NP DLV ASUDAVI SFKTALWF W 80

250 260 270 280 290 300
ATGACAGCGCAGT CGCCGAAGCCAT CGT GCCACGACGT CATCACGGGGAGGT GGACACCC
M TAQSUPIKWPSCHUDVI T GRWTP 100

310 320 330 340 350 360
TCCGGCGCT GACACGGCGGCGEGT AGACT TCCAGGGT ACGGAACGACCACGAACATCATC
S GADTAAGRLUPGY GTTTNI I 120

370 380 390 400 410 420
AACGGAGGGCT GGAGT GT GGGAGAGGGCAGGACGCGAGGGT TGCGGATCGCATTGGATTC
N G GL ECGRGOQDARVADIRI GF 140

430 440 450 460 470 480
TTCAAGAGATACT GCGACATTCCGCGT GTCGGCTATGGCTCCAACCTCGACTGCTATTCC
F K RY CDI PRV GY GS NLDCY S 160

490 500 510 520 530 540
CAGAGGCCATTCGGECTCTTCCTCGCTCATCGACGT CCTCTAACTCTAATCTAATCTCTCA
QRPF GS S S LI DV L * 173

550 560 570 580 590 600
CATGCGTGTATCACTCCATCTTATCCAATAAAATCGT CTCTTTCCCCAAAAAAAAAAAAA

610 620 630 640 650 660
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCT TGAGCT T|GAGT CCTCGT CACTCTGCT(
< KB-1r 210
670

ACTq

Figure 3.8 DNA sequence and deduce amino acid sequence of chitinase 3¢RACE product. Boxes
represent the DNA sequence of PCR primers.
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Leucaena- NeSt [ ----cccccccccmcccciii ettt ee e e e
Leucaena- 3RACE ©----- - mmm oo e e e

Pea : MBK- - - - LRI - PI - LL- VLFI VSCCSAEQCGT QAGGAL CPGGL CCSKFGNOGSTSEYC- G
Bean : MKKNRMVWM WEVGVWWIL L L VGGS YCEQCCRQAGGAL CPGENCCSQFGACGSTTDYC G
Ar abi dopsi s : M KTNLFLFL- | FS- - - LL- - LSLSSAEQCGRQAGGAL CPNGL CCSEFGNCGNTEPYCKQ
Rape : M KSCLLLFL- | FS- - - FL- - LSFSLAEQOGRQAGGAL CPNGL CCSEFGNCGDTEAYCKQ
Bar | ey B R R MRSLAW

Leucaena- NeSt [ -------mmmmm oo
Leucaena- 3RACE ©----- - s s mm oo e e e e oo

Pea : DEOQBQC- - SGSSGEGT- - LSSLI SGDTFNNM. KHRNDNACQGKPFYTYDAFL SAAKAFP
Bean : PGCQBQC- - GGPSPAPT- DLSALI SRSTFDQVL KHRNDGACPAKGFYTYDAFI AAAKAYP
Ar abi dopsi s : PGOQSQCTPGGTPPGPTCDLSA | SSSQFDDML KHRNDAACPARGFYTYNAFI TAAKSFP
Rape : PGCQBQC- - GGTPPGPTCGDLSA | SRSQFDDML KHRNDNACPARGF YT YDAFI NAAKSFP
Bar | ey : VAWAT- VAMAI GTAR- GSVSSI VSRAQ:D?NLLHRNDGACQAKGFYTYDAFVAAAAAFP
* * *k k*kkk k% *kk*k k% * %
Leucaena- Nest :----------------------- HETTGOAPSAPDGPYAWSY CFKQERNPPSAYCQPSSE
Leucaena- 3RACE (-----------------mmie oo PYAWGYCFKQERNPPSAYCQPSSQ
Pea : NFANKGDTATKKREI AAFLGQTSHET TGOWPTAPDGPYAWSYCFLREQN- PSTYCQASSE
Bean . SFGNTGDTATRKREI AAFLGQTSHET TGGMTAPDGPYAWGYCFVRERN- PSTYCSATPQ
Ar abi dopsi s : GFGT TGDTATRKKEVAAFFGQT SHET TGOWATAPDGPY SWGY CFKQEQNPASDYCEPSAT
Rape : GFGITTGDTATRKKEI AAFFGQTSHET TGONATAPDGPY SWGYCFKQEQNPSSNYCSPSAE
Bar | ey : GFGI' TGSADAQ(REVAAFLAQT SHEl'TGG/\ATAPDGAFAV‘G‘YCFKQERGASSDYCT PSAQ

*kx kK * ok ok ok ok ok k ok ok ok * ok k ok * ok Kk k Kk *

Leucaena- Nest : YPCAPGKQYYGRGPMIL SVWAYNYGQCGRAI GADL L NDPDLVANDATI SFKTAFWFWITA-
Leucaena- 3RACE : YPCAPGKQYYGRGPML SWNYNYGQCGRAI GSDLLNNPDLVASDAVI SFKTALWAWWTAQ

Pea : FPCASGKQYYGRGPI Q SWNYNYGQCGRAI GVDLLNNPDLVATDPVI SFKTALWAWITPQ

Bean : FPCAPGQQYYGRGPI Q SWNYNYGQCGRAI GVDLLNKPDLVATDSVI SFKSALWFWWTAQ

Ar abi dopsi s - WPCASGKRYYGRGPMQL SWNYNYGLCGRAI GVDLLNNPDL VANDAVI AFKAAI WAWITAQ

Rape - WPCASGKSYYGRGPMLSWNYNYGQCGRAI GSDLLNNPDLVSNDPVI AFKAAI WFWMTPQ

Bar | ey - WPCAPGKRYYGRGPI QLSHNYNYGPAGRAI GVDLLANPDL VATDATVGFKTAI WWWWTAQ
* k% *kkk*kk * * *kkk*k *kk*kk **k*k *k k% * **k * *kkkk*k

Leucaena- Nest i ----------mommmmo oo
Leucaena- 3RACE : SPKPSCHDVI TGRWPSGADTAAGRLPGYGTTTNI | NGGL ECGRGQDARVADRI GFFKRY

PEA : SPKPSCHDVI TGAWM PSSADRAAGRLPGYGTVTNI | NGGLECGRGQDSRVQDRI GFYKRY
BEAN : SPKPSSHDVI TSRWTPSSADVAARRLPGYGTVTN | NGGLECGRGDSRVQDRI GFFKRY
ARABI DOPSI S : PPKPSCHAVI AGQANQPSDADRAAGRLPGYGVI TNI | NGGL ECGRGQDGRVADRI GFYQRY
RAPE : SPKPSCHAVI VGQANQPSDADRAAGRVPGYGVI TNI | NGGL ECGRGQDARVADRI GFYQRY
BARLEY : PPKPSSHAVI AGONSPSGADRAACRVPGFGVI TNI I NGE ECGHGQDSRVADRI GFYKRY
kkkk k k*k * * Kk *k*k **k *x k% * kkkkkhkkk kkk *kkk *kk kkkkk * %
Leucaena- Nest @ ------------- oo 96 A A
Leucaena- 3RACE : CDI PRVGYGSNLDCYSQRPFGSS- SLI DVL- - - - - - - 173 A A
Pea : CDl FG GYGDNLDCYSQRPFGSSLPLSSI LLDTVAAA 82% 1D
Bean : CDLLGVGYGNNLDCYSQTPFGNSL- LLSDLV- T- SQ 80% | D
Ar abi dopsi s : ONIl FGVNPGGN\LDCYNQRSF- - - - - VNGLLEAAI - - - 76% 1 D
Rape : CNI LGVNPGGNLDCYNQRSFA- S- - VNFFLDAA - - - 76% 1 D
Bar | ey : CDI LGVGYGNNLDCYSQRPFA- - - - - === - oo - - - 76% 1 D
* **x kkkkk * *

Figure 3.9 Multiple sequence alignment of the deduced amino acid sequences from the Leucaena
leucocephala de Wit Nested PCR product, Leucaena-Nest, and 3¢RACE product, Leucaena-
3¢RACE; Pisum sativum (AC: L37876), Pea; kidney hean, Phaseolus vulgaris (AC: S43926),
Bean; Arahidopsis thaliana (AC: BAAB82818), Arabidopsis; Brassica napus (AC: S59953), Rape;
and Hordeum vulgare (AC: S04131), Barley. Conserved residues are marked by asterisks.
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3.3 Northern blot analysis

The 650 bp fragment from the cloned leucaena cDNA 3¢RACE product was used as a
probe of L. leucocephala RNA from plants at four weeks of germination to determined the RNA
transcript size. A weak signal was detected in the total cellular RNA extracted from
L. leucocephala shoot, but a strong signal was detected from RNA from the whole plant
(Figure 3.10), which had hybridization of the 3' RACE product to a specific band of about
1,100 bp.

9,416
6,557
4361

«205>
2322
2.027 <1855

564

A EtBr straining B: Probe: 3¢RACE product

Figure 3.10 Detection of chitinase hybridization by RNA gel-blot analysis. A stained in EtBr and
B hybridized to the 3¢RACE cDNA probe labeled with **P.

Lane M: Lambda/Hind [11 maker

Lane 1: 10 ng total RNA from rice

Lane 2: 10 ng total RNA from L. leucocephala shoots seedlings

Lane 3: 10 nf) total RNA from L. leucocephala whole seedlings
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3.4 Screening of the shoot cDNA library and determination of the DNA insert size

A'L. leucocephala young shoot 1 gtL1 cDNA library was constructed and screened with two
separate, non overlapping cDNA fragments (242 bp and 331 bp) derived from the 3' RACE
product. After the third screening, plaques that gave high hybridization signals were collected.
Totally, fifteen positive clones were isolated and the sequences of these clones were determined.
Ten clones were isolated using the 242 bp fragment (3' region of 3' RACE product) and five using
the 331 bp fragment (5' region of 3' RACE product) as probes, respectively. Phage DNA insert
from all fifteen clones which was digested with ECoR | restriction enzyme.

The inserts which used 242 bp fragment as probe, No. 1, 2, 3, 4,5, 6,7, 8, 9, and 10, had
sizes of 1092, 525, 579, 789, 807, 519, 519, 282, 249, and 420 bp (lane 2 to 11, Figure 3.11),
respectively. Using the 331 bp fragment as probe, clones A, C, D, E, and J with insert sizes of
597,432,201, 198, and 339 bp, respectively, were isolated (lane 12 to 16, Figure 3.11).

These fragments were subcloned into pUC19 vector at the EcoR | site to determine their
DNA sequences using M13 forward and M13 reverse primers. The resulting DNA sequences
fromthe leucaena chitinase cDNA library were translated to amino acid sequence and aligned
using GENETYX version 9.0 program for Macintosh (Figure 3.12). They were divided into
4 groups. Group 1 had clones 1, 2, 6, 8, and 9, group 2 had clones 3, 4, and 10, group 3 had
clones 5, 7, D, and E, group 4 had clones A, C, and J. The longest insert contained a long open
reading frame and a stop codon (TAA), but did not contain the initiation codon (ATG) and
the 5 untranslated (UTR) region. Almost all of these sequences are chitinase homologue
sequences, except clone No. 1, which matched chitinases at the 3" end, but was not similar other
chitinase sequences at the 5"end. The chitinase sequence from clone No. 5 is composed of 813 hp
of DNA sequence that translated to 271 amino acids in the uninterrupted reading frame
(Figure 3.13).

Comparison of the deduced amino acid sequence of clone 5 with the GENBANK database
indicated it was homologous to a number of plant chitinases with the closest matches being
kidney bean, Phaseolus Vulgaris (AC: $43926) with 78% identity (Figure 3.14). The amino acid
sequence region contained many amino acid residues that were conserved in other plant chitinase
Sequences.
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123 4 5 6 7 89 101112 13 14 1516 17

bp 22l LS G e — - e =

9416 — [Baum -
6,557 — -

Figure 3.11 0.8% agarose gel electrophoresis of ECOR | restriction enzyme digest of recombinant
phage 1 gt11 cDNA containing chitinase cDNA.
Lane 1, 17:1 /Hind I marker
Lane 2-11: Phage DNA digested with the EcoR | from clones 1, 2, 3, 4,5,6,7,8,9,and 10
Lane 12-16: Phage DNA digested with the EcoR | from clones A, C, D, E, and J
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SEQ 1 1: NSRPL YWDRRQQTQFGEAANQAFCPSNDASTTWAI SSSSVLSPKLLYEFI CHLYLVI NNT 60 7]

SEQ A 32: SDTFNQVLKHRNDSACPARGFFTYDTFI QAAKSFPAFGT TCDVATRKREI AAFLGQTSHE 91 ]
SEQ C  31: SDTFNQVLKHRNDCACPARGFFTYDTFI QAAKSFPAFGTTGDVATRKREI AAFLGQTSHE 90 [~ 1V
SEQ- J 9: RDTENQVL KHRNDAACPANGEYTYDAFI LAAKSFPAFGSTCDDATRKREVAAFLGOTSHE 68

SEQ 1 181: | DLVSGSLEDGRYAWSYCRK CERNPPSAYCCPS SEYPCAPGKOQYYCRGPMOLSWNYNYGO 240 —
SEQ 2 1i--eeeee- DGPYAWGY CFKCERNPPSAYCCPS SEYPCAPGKQYYGRGPMLSVWNYNYQQ 51
SEQ 6 R PYAWGYCFKCERNPPSAYCCPSSEYPCAPGKQYYGRGPMLSWNYNYQXQ 49— |

SEQ 3 10: TTGAWSAFD@YAVGYCH(CE?I\PPSAYCCPSSQYPCAPG(OYYG?GDMJ.SV‘NYNYG) 69 -
SEQ 4  80: TTGONPSAFDGPYAWGYCFKERNPPSAYCCPSSQYPCAPGKQYYGRGPMOLSWYNYGD 139 |~ 11
S =0 N (N EI e puppepuppepupupepiepupit e ety YGRGPMOLSWKIYNYGO 16 _|
SEQ5  86: TTCOMPSAFDGPYANGYCFKGERNPPSAYCCPSSQYPCAPGKOYYCREPMAL SWKYNYGD 145 —

SEQ A 92: TTGON, SAFDGPYAWGYCFNKEGN- PTNYCCPSPCYPCASGKOYYGRGH QLSRAQKVLA 1 150 —
SEQ C  91: TTGOM SAFDGPYAWGYCFNKECN- PTNYCCPSPCYPCASGKQYYCRGRL QLSES- - - - - 144 | — 1V
SEQ-J 69: TTGOWPSAFDGPYAWGYCFNKECN- PTNYCCPSPOYPCASGKOYYG - - - - - - - - - - - - - 113 _|

AA-
Y o s 0

AACSEQ 6 Ll - mm il 0

S = o e 0

S o T T e 0 —
AASEQ 3 Li----- - s-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioiiiiiioioa- 0 —
AASEQ 4 Ll s el 0o 11
AASEQ 10 i« m s m e ioioioioioioioiooooo-o- 0 —
AASEQ 5 Li-------siiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioioioiiiiiiet 0

Y o e 0 |— 111
N =0 o e 0

S = S e 0 —
AASEQ A Li-----isiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioiiioiiiiiet 0

Y o e 0 :|— v
AASEQ J Ll mm e e eieea-oaooa- 0

AA-SEQ 1 61: HHHTTMBALHLSHW.TSH SNPCSRVRL LPQAE.HQQVQDQL WL HL RKPEHQPRPHSSSE 120 —

S = o 0

Y T e 0
S =0 0

S = T e 0
AASEQ 3 Li- - --ciiiiiiiiiiiiiiiioiiiiiiiiiiiiiiiioioioioiioiet 0 -

S 0 GGSGPGPAPPSGALTG 1S 19 [— 11
AASEQ 10 I - s s m o m e iiiioooaoioaoioioaoa- 0 —
AASEQ 5  Li----------c-c-iiiiiii-i-i-oi----o- CPGOQSQC - SGSGPAPPSGALASI TS 25 ]
AACSEQ 7 Ll - e e m e eiiiiioiolo.. 0 |—=111
S = o 3 o 0

S = S T 0 -
AASEQ A Li----------i---ii-i-i-ioioo-i- LLRVLVWEI VGSKCNGGPGSPSAGA SA 1S 31

AASEQ € Li--mmmmmmmmmmmmm e LRVLVWFI VGSKCNGGPGSPSAGG SA |'S 30 } Y,
AASEQ J Ll e e ioioioioioio-aoioaooa- GATA IS 8

AA-SEQ 1 121: | SHVLMFHLLCFI LASGHTDRKFMI LLLAVSFVSQVLKHGTLI RHVGLW.KPDVCDLI FC 180 —
AACSEQ 2 Ll - 0

AASEQ 6 LI - e e mm e ililiiiioiolo.. 0o
Y o T 0

AASEQ S 1i-------- MR- IN-ENQIL N - oo 0 —
AASEQ 3 L - -3 =g NV ¥ M R Ay - AFLGQTSHE 9

AA-SEQ 4  20: ROTFNQMLKHRNDAACPANGEYTYDAFI LAAKSFPAFGSTGDDATRKREVAAFL GQTSHE 79 1l
AASEQ 10  1i----alfa-- VN MM Y - !
AA-SEQ 5 26 RDTFNQVLKHRNDAACPANGE Y T YDAFT QAANSYPAFGSTGDAATRKREVAAFL GQTSHE 85 -
AASEQ7 1i------VANE . __ T T W L1
AA- SEQ D 1 ------------------------------------------------------------ o
AASEQE 1i-p------S SN NN EEER .., . 0 —

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-

AA-
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Figure 3.12 Multiple alignment of amino acid sequences from screening the L. leucocephala
shoot cCDNA library. They were separated into 4 groups; group 1, clone 1, 2, 6, 8, and 9; group 2,
clones 3, 4, and 10; group 3, clones 5, 7, D, and E; and group 4, clones A, C, and J.
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AA-SEQ 1 241: OGRAI GADLLNNPDLVANDATI SFKTALWAWTAGSPKPSCHDVI TGRWTPSGADTSAGR 300 ]
AA-SEQ 2 52: CGRAI GADL LN\PDLVANDATI SFKTAL WFWWIAGSPKPSCHDVI TGRWITPSGADTSAGR 111
AA-SEQ 6  50: OGRAI GADLLNN\PDLVANDAT] SFEKTALWFWMIACSPKPSCHDVI TGRWTPSGADTSAGR 109
AA-SEQ 8  Li----mmmmmmmmm e WWTAQSPKPSCHDVI TGRAWTPSGADTSAGR 30
AP SEQ 8 dieecececeieeeceeiieieieciiese-e-a-a-- HDVI TGRWTPSGADTSAGR 19 —
AA-SEQ 3 70: CGRAI GADL LNEPDLVASDAVI SFKTALWFWTAGSPKPSCHDVI TGRWTPSGADTAAGR 129 ]
AA-SEQ 4  140: OGRAI GADL LNSPDLVASDAVI SFKTALWFWMTACSPKPSCHDVI TGRWTPSGADTAAGR 199
AA-SEQ 10 17: OGRAI GADL LN\PDLVASDAVI SFKTALWAWTACSPKPSCHDVI TGRWTPSGADTAAGR 76 |
AA'SEQ 5 146: OGRAI GADLLNNPDLVASDAVI SFKTALWAWITACSPKPSCHDVI TGRWTPSGADTAAGR 205 —
AA-SEQ 7 50: OGRAI GADLLNN\PDLVASDAVI SFKTALWFWTAQSPKPSCHDVI TGRWTPSGADTAAGR 109
AP SEQ D li-e---s-eecscsssssecsesssessessssssssssesenseseneszesnnans AR 3
AASEQ E Ll oo s e e e e aeiioaoeoao.-- R2
AA-SEQ A 151: FRGRQTP- | LFNP- - VIPFFKTFEFQ FPPKKNGSGGT PTKPGAFCPNYPVS - - - - - - - 199 7]
AA-SEQ € 145 - - - - m - m e e e e 144
AASEQ J A1 -« s n e iiioioioiooioioioo-o- 113
AA-SEQ 1 301: LPGYGTTTN | NGALECGRGCDPRVACHI GFFKRYCDI LGVGYGSNLDCYSCRPFGSSSL 360
AA-SEQ 2 112: LPGYGTTTNI | NGGLECGRGODPRVACHI GFFKRYCDI L GVGYGSNLDCYSORPFGSSSL 171
AA-SEQ 6 110: LPGYGTTTNI | NGGL ECGRGCDPRVADRI GFFKRYCDI L GVGYGSNLDCYSORPFGSSSL 169
AA-SEQ 8  31: LPGYGTTTN | NGGLECGRGCDPRVADRI GFFKRYCDI LGVGYGSNLDCYSQRPFGSSSL 90
AA-SEQ 9 20: LPGYGTTTN | NGAL ECGRGCDPRVADRI GFFKRYCDI L GVGYGSNLDCYSCRPFGSSSL 79 |
AA-SEQ 3 130: LPGYGTTTNI | NGGLECGRGQLARVADRI GFFKRYCDI LRVGYGSNLDCYSQRPFGSSSL 189 —
AA-SEQ 4 200: LPGYGTTTNI | NGALECGRGCCARVADR! GFFKRYCDI LRVGYGSNLDCYSCRPFGSSSL 259
AA-SEQ 10 77: LPGYGTTTNI | NGGLECGRGOCARVADR! GFFKRYCDI LRVGYGSNLDCYSCORPFGSSSL_136 _|
AA-SEQ 5 206: LPGYGTTTN | NGAL EQGRGCDPRVADR GFFKRYCDI L GVGYGSNLDCYSCRPFGSSSL 265 —
AA-SEQ 7 110 LPGYGTTTNI | NGGLECGRGODPRVADR! GFFKRYCD! LGVGYGSNLDCYSORPFGSSSL 169
AA- SEQ D 4: LPGYGTTTNI | NGGLECGRGODPRVADRI GFFKRYCD! LGVGYGSNLDCYSORPFGSSSL 63
AA-SEQ E 4! LPGYGTTTN | NGAL ECGRGCDPRVADR! GFFKRYCDI L GVGYGSNLDCYSQRPEGSSSL 62 _|
AASEQ A 200: - = - =< -m-mmmmmmmmmmmmmmmmmmeoommooooioooooooooooooooo- 199
AA-SEQ € L45: - = - - m o m o m e 144
AA-SEQ J  A14 - o oo e e e e e iaeeaoaooo-- 113
AA-SEQ 1 361:1DVL 364 —
AA-SEQ 2 172:1DVL 175
AA-SEQ 6 170: 1 DVL 173
AA-SEQ 8  91:1DVL 94
AA-SEQ 9 80: ] DVL 83 —
AA-SEQ 3 190: | DVL 193
AA-SEQ 4 260: | DVL 263
AA- SEQ 10 137: I'DVL 140 _|
AASEQ 5 266: I'DVL 269 —
AA-SEQ 7 170: 1 DVL 173
AA-SEQ D  64: ] DVL 67
AA-SEQ E__ 63:1DVL 66 _|
AA-SEQ A 200 ---- 199
AA-SEQ C 145 ---- 144
AA-SEQJ  114:---- 113

Figure 3.12 (Continued)
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10 20 30 40 50 60
GGGAGAGGT AAACT CTGGGGAACAACT GT CAGCGGCAGCGGECCCAGCCCCT CCCTCCGGET
GRGKLWGTTVSGSGPAPZPSG 20

70 80 90 100 110 120
GGCCTCGCCAGCATCATCTCCAGGGACACCT TCAATCAGATGCTCAAGCACCGCAACGAC
GLASI I S RDTZFNOQMLIKMHRND 40

130 140 150 160 170 180
GCCGCCTGCCCGECCAATGECT TCTACACCTACGATGCTTTCATTCAGGCGGCCAATTCT
AAACPANGFYTYDAFI QA ANS 60

190 200 210 220 230 240
TACCCTGCCT TCGECAGCACCGGT GATGCCGCCACGCGCAAGAGGGAGGT GECACGCTTTC
Y P AF GSTGDAATRIKIREVAATF 80

250 260 270 280 290 300
CTCGGCCAAACT TCGCACGAGACCACAGECGGT TEGCCCAGCGECTCCCGACGGTCCTTAC
L GQT SHETTGGWPSAPUDGUPY 100

310 320 330 340 350 360
GCCTGGGGT TACT GCTTCAAACAGGAACGGAACCCACCAAGCGCTTACTGT CAACCCAGC
AWGY CFKQEWRNPWPSAYCOQPS 120

370 380 390 400 410 420
TCCCAATATCCATGT GCTCCCGGCAAGCAATACT ATGGCCGCGGACCCATGCAACTCTCC
S QY PCAPGKI QYYGRGPMOQL S 140

430 440 450 460 470 480
TGGAACTACAACTACGGACAGT GCGGAAGAGCCATAGGAGCGGACT TGCTCAACAACCCC
WNY NY GQCGRAI GADULILNNP 160

490 500 510 520 530 540
GACCTGGT GECCAGT GATGCTGGGATATCCTTCAAGACGCECTCTGTGGT TCTGGATGACA
DLV ASUDAGI SFKTALWFWMT 180

550 560 570 580 590 600
GCGCAGT CGCCCAAGCCAT CGTGCCACGACGT CATCACT GGGAGAT GGACCCCCTCCEEC
AQ S P KPS CHUDVI TGRWTPS G 200

610 620 630 640 650 660
GCCGACACGGECAGCGEGT CGACT TCCAGGGTACGGAACCACCACCAACAT CATCAACGEA
ADTAAGRLWPGYGTTTNI I NG 220

670 680 690 700 710 720
GGGCTGGAAT GT GCGAGAGGECAGGACCCGAGEGT TGCCGATCGCATTGGATTTTTCAAG
G L ECGRGQDVPRVYVYADIRI GFFK 240

730 740 750 760 770 780
AGATACTGCGACATTCTGGGT GTCGACTAT GGCT CCAACCT CGACTGCTATTCCCAGAGG
R Y CDI1I L GV DY GSNLDTZ CY S QR 260

790 800 810 820 830 840
CCATTCGGECTCTTCCTCACTCATCGACGT CCTCTAATCTCATCTCACTAGICTCATATGT
P F GS SS LI DV L * 271

850 860 870 880 890 900
GTCGCTCTGCCCTACTCTTATTCAATAAAAT CAAGCCT TTCCACTAAAAAAAAAAAAAAA

Figure 3.13 DNA sequence and deduced amino acid sequence of leucaena chitinase clone No. 5
from screening of shoot cDNA library.
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AA-SEQ 1 1
AA- SEQ-4 1
AA- SEQ-5 1
AA- SEQ A 1
BEAN 1
PEA 1
ARABIDOPSIS 1
RAPE 1
BARLEY 1
AA- SEQ 1 63
AA- SEQ-4 1
AA- SEQ 5 1
AA- SEQ A 1
BEAN 28
PEA 21
ARABI DOPSI S 21
RAPE 21
BARLEY 1
AA- SEQ 1 125
AA- SEQ-4 24
AA- SEQ 5 30
AA- SEQ A 36
BEAN 86
PEA 78
ARABI DOPSI S 82
RAPE 81
BARLEY 35

ARABI DOPSI S 207:
RAPE 205:
BARLEY 159:

AA- SEQ-1 311:
AA- SEQ-4 210:
AA- SEQ-5 216:
AA- SEQ- A 199:

BEAN 271:
PEA 263:
ARABI DOPSI S 269:
RAPE 267:
BARLEY 221:

- SLEDGPYAWGYCFKQERNPPSAYOCPS SEY PCAPGKOYYGRGPMOL SWNYNYGOOGRAI GAD
. SAPDGPYAWGYCFKOERNPPSAYOCPS SQY PCAPGKOYYGRGPMOL SWNYNYGOOGRAI GAD 147
- SAPDGPYAWGYCFKQERNPPSAYCOCPS SQY PCAPGKOYYGRGPMOL SWWYNYGQOGRAI GAD 153
- SAPDGPYAWGYCFNKEGN- PTNYCDPSPQYPCASGKOYYGRGP QLSRACKVLAFRGROTP- 158
- TAPDGPYAWGYCFVRERNP- STYCSATPQ-PCAPGCOYYGRGP Of SWNYNYGOCGRAI G/D 208
- TAPDGPYAWBYCFLRECNP- STYCOASSEF PCASGKQYYGRGP O SWNYNYGQOGRAI G/D 200
- TAPDGPY SWGYCFKOEQNPASDYCEPS ATWPCASGKRYYGRGPMVOL SWNYNY G OGRAI G/D 206
- TAPDGPY SWGYCFKOEONPSSNYCSPS AEVWPCASGKS YYGRGPVOL SWNYNYGQOGRAI GSD 204
- TAPDGAF AWGYCFKQER GASSDYCTPSAQAPCAPGKRYYGRGP QLSHNYNYGPAGRAI G/D 158

» NSRPL YWDRRQOTQFGEAANQAFCPSNDASTTWAI SSSSVLSPKLLYEFI CHLYLVI NNTHH

R R PR MKKNRMVVM VBVGWWWLLLVGGSYG
e MBK- - - - LRI - PI - LL- VLFI VSCCSA
iy MKTNLFLF- LI FS- LLLSLSSA
T TR CET T MKSCLLLF- LI FS- FLLSFSLA

- HTTMBALHL SHW. TSHI SNPCSRVRL L PQGL HQQVQDQL WL HL RKPEHQPRPHSSSE! SHV
e GGSGPGPAPPSGCLTA | SRETF
s CPGOQSQCSG - SGPAPPSGCLAS | SRCTF
g LLRVLWWFI VGSKCNGGPGSPSAGA SCl | SSCTF
: EQCGRQAGGAL CPGGNCCSQFGWOGSTTDYC- GPGOQSQC- - GGPSPAPT- [LSAL| SRSTF
- EQOGTQAGGAL CPGGAL CCSKFGACGSTSEYC- GDAOSQC- - SGSSGRGT- - LSSLI S&CTF
- EQCGRQAGGAL CPNGL CCSEFGACGNT EPYCKQPGOQSQCTFEGTPPGPTEEL SCl | SSSGF
- EQOGRQAGGAL CPNGL CCSEFGWOGDTEAYCKQPGOSQC- - GETPPGPTELLSCl | SRSGE
S | . MRSL- AVVWAWATVAM Al GTARGSVSSI VSRAGF

: LMFHLLCFI LASGHTDRKFVI LLLAVSFVSOVLKHGTLI RHVGLW.KPDVCDLI FCl DLVSG
- NQMLKHRNDAACPANGFYTYDAFI LAAKSFPAFGSTGDDATRKREVAAFL GOTSHETTGGAP
- NQMLKHRNDAACPANGFYTYDAFI CAANSYPAFGSTGDAATRKREVAAFL GOTSHETTGGAP
- NQMLKHRNDSACPARGFYTYDAFI CAAKSFPAFGTTGDVATRKRE AAFL GOTSHETTGGAT
- DQMLKHRNDCACPAKGFYTYDAFI AAAKAYPSFGNTGDTATRKRE AAFLGOTSHETTGGAA
- NNMLKHRNDNACGQGKP FYT YDAFL SAAKAFPNFANKGDT ATKKRE! AAFLGOTSHETTGGAP
. DDM_LKHRNDAACPARGEYTYDAFI TAAKSFP CFGTTGDT AT RKKEVAAF FGOTSHETTGGAA
: DDM_KHRNDNACPARGEYTYDAFI NAAKSFP CEFGTTGDT AT RKKE! AAFFGOTSHETTGGAA
: DRMLKHRNDCACCAKGEYT YRAFVAAAAAFP CEGTT GSADACKREVAAFLAQTSHETTGGAA

- LLNNPDLVANDATI SFKTALW-WWITAQSPKPSCHDVI TCRWTPSCADTSAGRLPGYGITTN 310
: LLNSPDLVASDAVI SFKTALWAWUTACSPKPSCHDVI TGRWTPSCADTAAGRLPGYGITTN 209
© LLNNPDLVASDAVI SFKTALWAWITAQSPKPSCHDVI TCRWTPSCADTAAGRLPGYGITTN 215
| LENP- - VTIPFFKTFFFQ FPPKKNGSGGTPTKPGAFCPNYPVS- - - - - - - - - - - - - - - - - - 199
: LLNKPDLVATDSVI SEKSALWFWWITAGSPKPS SHDVI TSRWTPSSADVAARRLPGYGIVIN 270
- LLNNPDLVATDPVI SFKTALWFWU POSPKPSCHDVI TGEWTPSSADRAAGRLPGYGIVIN 262
LLNNPDLVANDAVI SFKAAI WAWMTAOPPKPSCHAVI AGQWCPSDADRAAGRLPGYGMVI TN 268
L LNNPDL VSNDPVI ARKAAI WAWVT POSPKPSCHAVI VECWCRPSDADRAAGRVPGYGMVI TN 266
LLANPDL VAT DATVCEKTAI WAWVTAQPPKPS SHAVI AGQWEPSCADRAAGRVPGFGMV TN 220

| NGB ECGRECDPRVADH GFFKRYCDI L.GVGYCSNEDCYSORPFGSS- SLI DVL- - - - - - - 364
| NGGLECGRGODARVADRI GFFKRYCD! L RVGYGSNLDCYSORPFGSS- SLI DVL- - - - - - - 263
| NGALECGRGQDPRVADRI GFFKRYCD! LRVGYGSNLDCYSQRPFGSS- SLI DVL- - - - - - - 269
-------------------------------------------------------------- 199

| NGE-ECGRCGODSRVCDRI GFFKRYCDLLGVGYGNNLDCYSQTPFGNSLLLSD- LVTSQ- - - 328
I NGELECGRGODSRVCDRI GRYKRYCDI FGI GYGDNLDCYSORPFGSSLPLSS| LLDTVAAA 324

| NGGLECGRGODCRVADRI GFY CRYCNI FGYNPGENLDCY NORSE- - - - - VNGLLEAAI - -- 322
| NGELECGRGODARVADRI GEYCRYCNI LGWNPGCENLDCYNORSFA- S- - VNFFLDAAI - - - 322
| NGGLECGRGDSRVADRI GFYKRYCDI LGVGYGNNLDCYSQRPFA- - - - - - - - - - - - - - - - 266

248

Figure 3.14 Multiple sequence alignment of deduced amino acid sequences from clones 1, 4,

9,

and A screening leucaena cDNA library (Leucaena leucocephala de Wit); Bean, Phaseolus
vulgaris (AC: $43926); Pea, Pisum sativum (AC: L37876); Arabidopsis, Arabidopsis thaliana
(AC: AAB2818); Rape, Brassica napus (AC: S59953), and Barley, Hordeum vulgare
(AC: S04131). Conserved residues are marked by black hoxes.
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3.5 Completion of the chitinase cCDNA sequence by 5¢RACE and sequencing

The 5CRACE was performed using leucaena chitinase-specific primers prepared from the
sequence data of the leucaena chitinase cDNA library clone number 5. To determine the 5¢end
MRNA chitinase, total RNA was extracted from L. leucocephala seedling, reverse transcribed
from the KB-2r primer, and then amplified by PCR using Taq polymerase with KB-1f and KB-3r
primers. The PCR product was amplified again with KB-1f and KB-4r primers. These PCR
products were separated by 0.8% agarose gel electrophoresis. In the second PCR reaction, the
expected size band of about 210 bp (lower band in lanes 6, 7, 8) and a major band of
approximately 350 bp were produced (Figure 3.15). The specific band (210 bp) was purified by
5% polyacrylamide gel electrophoresis, cloned into pT7hlue T-vector. The recombinant plasmids
were first extracted and the inserts confirmed by restriction digest with EcoR | and Pst |
(Figure 3.16). The recombinant plasmids from clone 1, 2, 3, 4, 5, 6, 8, and 11 gave the pT7 blue
plasmid size 2900 bp, and the insert size about 210 bp (Figure 3.16 lanes 3, 4, 5, 6, 7, 8, 10, 13).
The other bands contained insert sizes more and less than 210 bp. The recombinant plasmids were
isolated, sequenced, and translated to amino acid sequences as shown in Figure 3.17.

12345678

<« 210hp

Figure 3.150.8% agarose gel electrophoresis of the 5¢RACE product. Lane L: 1 /Hind I marker,
lane 2: pGEM EX/Rsa | marker, lane 3, 4, 5: First PCR product from KB-1f primer and KB-3r
primer, and lane 6, 7, 8: Second PCR product from KB-1f primer and KB-4r primer.
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The sequence of the SCRACE clone was found to match the cDNA library clone. After
combining the sequence of cDNA library fragment and the 5¢RACE product, the coding
sequence of the cDNA as composed of 969 bp (combination of library clone 5 and 5¢ RACE

clone 3.1) and 978 bp (combination of library clone 4 and 5S¢RACE clone 3.4), which translated
to 323 and 326 amino acids residues, respectively (Figure 3.18). These sequences contained

the methionine start codon (ATG) from the 5¢RACE product.

Figure 3.16 0.8% agarose gel electrophoresis of the 5 RACE insert clone plasmids after
restriction digest with EcoR I and Pst .

Lane 1,15: 1 /Hind 11 marker

Lane 2, 14 pGEM EX/Rsa | marker

Lane 3-13: EcoR | and Pst I digested recombinant plasmids from white colonies No.L, 2, 3,
4,5,6,7,8,9,10, and L1 from left to right respectively.
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S-3/1  1: ATGGATAACATGAACAAGATGOGEGTGCTCTTGTGT TTGCTGCTGACG - - CTCATGGTGGGAGGCTTAGE 68
S-3/2  1: ATGGATAACATGAACAAGATGOGGGTGCTCTTGTGT TTGCTGCTGACG - - CTCATGGTGEGAGGCTTAGE 68
S-3/6  1: ATGGATAACATGAACAAGATGOGEGTGCTCTTGTGT TTGCTGCTGAGG - - CTCATGGTGGGAGGCTTAGC 68
S-3/8  1: ATGGATAACATGAACAAGATGOGGGTGCTCTTGTGT TTGCTGCTGACG - - CTCATGGTGEGAGGCTTAGE 68
S-3/3  1: ATGGATAACATGAACAAGATGOGEGTGCTCTTGTGT GTGCTGCTGT ACAGCCTCATGGTGRGAGGCTTAGE 71
S-3/4  1: ATGGATAACATGAACAAGATGOGGGTGCTCTTGTGT CTGCTGCTGT ACAGCTTCATGGTGBGAGGCTTAGE 71
S-3/5  1: ATGGATAACAAGAACAAGATGOGGGTGCTCTTGTGT GTGCTGCTGT ACAGCCTCATGGTGRGAGGCTTAGS 71
S-3/11  1: ATGGATAACATGACCAAGATGOGEGTGCTCTTGT G CTGCTGCTGT ACAGCCTCATGGTGEGAGGCTTAGE 71
S-3/1  69: AGAGCAATGOGGAAGACAGRCAGEEEGET GOCT TGT GOO00GE0CEGOCT CTGTTGCAGOCAATTOGGTTGGT 139
S-3/2  69: AGAGCAATGOGGAAGACAGECAGEEEGT GOCT TGT GOCO0GE0CEOCTCTG TTGCAGOCAATTOGG TTGGT 139
S-3/6  69: AGAGCAATGOGGAAGACAGECAGG TGGT GOCT TGTGOOC TEBCCEOCTCT G TTGCAGCCAATTOGGTTGGT 139
S-3/8  69: AGAGCAATGOGGAAGACAGECAGGEET GTGOCT TGT GOCO0GE0CEOCTCTGTTGCAGACAATTOGG TTGET 139
S-3/3  72: CGAGCAATGOGGCAGECAGRCAGEGEGET GOCT TGT GOO00GECCGOCT CTGCTGCAGOCAATTOGGCTGGT 142
S-3/4 72 CGAGCAATGOGGCAGACAGECAGEGEGT GOCTTGT GOCO0GE0CGOCT CTGCTGCAGOCAATTOGGCTGST 142
S-3/5  72: CGAGCAATGOGGCAGECAGT CAGGEGGT GOCT TGT GO0C0GECCGOCT CTGCTGCAGOCAATTOGGCTGGT 142
S-3/11  72: GGAACAATGOGEGCAGGCAGTCAGEGEEGT GOCT TGT GOCCOGECCEOCT CTGCTGCAGOCAATTOGGCTGET 142
S-3/1 140: GTGGTTCAAATAAT GATTACT GOGGCO00EGT TGOCAGAGOCAGT GTAGCGECAGS: - - - - - GEOCCAGLE 204
S-3/2  140: GTGGTTCAAATAAT GAT TACT GCGGT COCGGT TGOCAGAGCCAGT GTAGOGECAGT: - - - - - GEOCCAGCE 204
S-3/6 140: GIGGTTCAAATAAT GATTACTGOGGT COOGGT TGOCAGAGCCAGT GTAGCGECAGT: - - - - - GGICCAGCC 204
S-3/8 140: GTGGTTCAAATAAT GAT TACT GCGCACOOBGT TGOCAGAGOCAGT GCAGCGGTAGT: - - - - - GGICCAGLC 204
S-3/3  143: GIGGTTCAACT AACGAT TACT GOGGEO0CGGT TGOCAGAGT CAGT GTCGOGGAAGT GGCOCAGROCCAGIE 213
S-3/4  143: GIGGTTCAACT AACGAT TACT GOBGCO0CGGT TEOCAGAGCCAGT GICGOGGAAGT GGCOCAGROCCAGOC 213
S-3/5 143: GTGGTACCACTAACGAT TACT GOGECO0CGGT TEOCAGAGCCAGT GTCGOGECAGT GGCOCAGROCCAGIE 213
S-3/11 143: GTGGTACAACT AACGAT TACT GOBGCO0CGGT TEOCAGAGOCAGT GICGOGGAAGT GGCOCAGROCCAGIT 213
S-3/1 205: OCTOCCTCOGGTGEOCT CECCAGCAT CATCT CCAGGGACACCT TCAATCAGAT GCTCAAGCACCGCAACGAC 276
S-3/ 2 205: OCTCCCTCOGGTGROCT CCCCAGCAT CATCTOCAGGGACACCT TCAA TCAGATGCTCAAGCACCGCAACGAC 276
S-3/ 6 205: OCTOOCTCOGGTGROCT CCCCAGCAT CATCTCAAGGGACACCT TCAATCAGAT GCTT AAGCACCGCAACGAC 276
S-3/8 205: OCTOOCTOOGGT GROCT GLCCAGCATCATCTOCAGGEACACCT TCAA TCAGATGCTCAAGCACCGCAACGAC 276
S-3/ 3 214: OCTOCCTCOGGT GEOCT CACOGGCAT CATCTOCAGGGACACCT TCAA CCAGAT GCTCAAGCACCGCAACGAC 285
S-3/ 4 214: OCTCOCTCOGGTGROCT GACOGGCAT GATCT CCAGGGACACCT TCAACCAGATGCTCAAGCACCGCAACGAC 285
S-3/5 214: OCTOOCTCOGGT GGOCT CACOGGCAT CATCT CCAGGGACACCT TCAA CCAGAT GCTCAAGCACCGCAACGAC 285
S- 3/ 11214: OCTCCCTCOGGTGROCTCACOGGCATCATCTCCAGGGACACCT TCAA CCAGATGCTCAAGCACCGCAACGAC 285
A
AA-3/1  1: MDNVNKMRVLLCLLL- SLM/GGLAEQCGRQAGGAL CPGGL CCSQF GACGSANDYCGPGOQ 59
AA-3/2  1: MDNVNKMVRVLLCLLL- SLM/GGLAEQCGRQAGGAL CPGGL CCSQF GWCGSANDYCGPGOQ 59
AA-3/6  1: MDNVNKMVRVLLCLLL- SLM/GGLAEQCGRQAGGAL CPGGL CCSQF GWCGSANDYCGPGOQ 59
AA-3/8  1: MDNWNKVRVLLCLLL- SLM/GGLAEQOGRQAGGAL CPGGL CCRQF GWCGSNNDYCGPGCQ 59
AA-3/3  1: MDNIVNKMVRVLLCLLLYSLM/GGLAEQCGRQAGGAL CPGRL CCSQFGWCGSTNDYCGPGOQ 60
AA-3/4  1: MDNWNKMVRVLLCLLLYSFM/GGLAEQCGRQAGGAL CPGRL CCSQF GWCGSTNDYCGPGOQ 60
AA-3/5  1: MDNWNKMRVLLCLLLYSLM/GGLAEQCGRQSGGAL CPGRLCCSQFGACGTTNDYCGPGOQ 60
AA-3/11 1: MDNVBKNRVELCLLLYSLM/GGLAEQCGRQEGGAL CPGRECCSQFGACGTTNDYCGPGOQ 60
AA-3/1  60: SQC- - SCSGPAPPSGALASIISRDTENQVLKHRND 92
AA-3/2 60: SQC - SGSGPAPPSGGLASI | SRDTFNQVLKHRND 92
AA-3/6 60: SQC - SGSGPAPPSGGLASI | SRDTFNQVLKHRND 92
AA-3/8 60: SQC - SGSGPAPPSGGLASI | SRDTENQVLKHRND 92
AA-3/3  61: SQOGCSGPGPAPPSGGELTCl | SROTFNQVL KHRND 95
AA-3/4 61: SQOGCSGPGPAPPSGGELT Gl | SROTFNQVLKHRND 95
AA-3/5 61: SQCGGSGPGPAPPSGGL TG | SRDTENQVLKHRND 95
AA-3/ 11 61: SQCGGSGPGPAPPSGGL TG | SRDTFNQVLKHRND 95
B

Figure 3.17 Multiple sequence alignment of cDNA and deduced amino acid sequences from
5¢RACE product. A, multiple sequence alignment of cDNA. B, multiple alignment of deduced
amino acid sequences. They were separated into 2 groups; group 1, clones 3/1, 3/2, 3/6, and 3/8;
group 2, clones 3/3, 3/4, 3/5, and 3/11.
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N1: Nucleotide of leucaena chitinase4/3.4 (1064 bp.)
N2: Nucleotide of leucaena chitinase5/3.1 (1075 bp.)
Al: Amino acid of leucaena chitinase4/3.4 (326 A.A.)
A2: Amino acid of leucaena chitinase5/3.1 (323 A.A.)

1
N1 acat caagt ccaag agE@TMMT@A@A@TW@FWG@GI'GC'I'GCTGI'ACAGC'I'I'CATGGI'GGGAGGCTTAGCGGAGCAATGC%CAGACAG 84

N2 T -~ ¢ A A 81
Al MDNMNKMRYLLCVLLYSFMVGGLATEZQCGRQ. 28
A2 L - L 27

N1 GCAGGGEGEGTGCCT TGT GCCCCGEECCGCCT CTGCTGCAGCCAAT TCGECT GGT GT GGT TCCACT AACGAT TACT GCGECCCCGGT TGCCAGAGCCAGTGTGECGGA 195

N2 G T T AA T A C - 192
ALA G G AL CP GRLCCSQFGWCGSTNDYCGPGCQSQC. GG 3
A2 G N B 36
KB- 4r
N1 AGTGGCCCAGBOCCAGOCCCT COCTCOGGT GGOCT CACCGGCAT CATCTCOCAGGGACACCT TCAACCAGAT GCT CAAGCACCGCAACGACGCCGOCTGCCOGECC 300
N2 A G A T 291
ALS GP GPAPPSGGLTGI I SRDTFNOQMLJIKHRNINDAATCTPA 100
A2 S A 'S 97
— KB-3r
Chi t 19E191f
N1 AATGGTTTCTACACCTACGACGCCTTCATTCTGEOCGCCAAGT CTTTCOCCGCCT TOGGCAGCACCGGCGAT GATGCCACGCOGCAAGAGGGAGGTCGCAGCTTTC 405
N2 c T T A G T AT T [ee} G 396
AN GF Y TYDAFI LAAKSTFPAFGSTGDUDATRIKREVAAFTF 135
A2 Q N Y A - 132
m Chi t 19H201f ﬁ KB- 1f ﬁ
N1 CT CTTCACACGAGACCACCGGEOGGT TGECCCAGCGCTCCCGACGGT CCT TACGCCT GGGGT TACTGCT TCAAACAGGAACGGAACCCACCAAGCGCT - 510
N2 c A 501
ALL GQT S HETTGGWPSAPDGPYAWGYT CFI KI QETRNPUPSA 170
A2 167
Kb- 2r
N1 TACTGTCAACCCAGCTCCCAATATCCATGCGCTCCAGGCAAGCAATACTAT GGCCGOGGACCCAT GCAACT GTCCT GGAACTACAACTACGGACAGTGCGGAAGA 615
N2 c c 606
ALY CQP S S QYPCAPGKAQYYGRGPMOQLSWNYNYGQCGHR 205
A2 202
<C— Chit19P301r
N1 GCCATAGGAGOGGACTTGCTCAACAGCCCOGACCT GGTGGCTAGCGAT GCT GTGATATCCT TCAAGACGGCACT ATGGT TCTGGATGACAGOGCAGTCGCCGAAG 720
N2 A c T G c 711
ALAl GADLLNSPDLVASDAVI SFKTALWEWMTAGQSPK 240
A2 N 237
<€C——— Chi t 19A326r
N1 CCATCGTGOCACGACGT CATCACGGGEGAGAT GGACACCCT COBECGCT GACACGEOGECAGGT AGACT TCCAGGGT ACGGAACGACCACGAACATCATCAACGGA 825
N2 T [ c A c c ¢ 816
ALP S CHDVI TGRWTPSGADTAAGRLPGYGTTTNI I NG 275
A2 272

N1 GGGCTGGAGT GT GGGAGAGEGECAGGACGCGAGGGET TGCGGATCGCAT TGGAT TCT TCAAGAGATACT GCGACAT TCTGCGT GTCGECTATGGCTCCAACCTCGAC 930

N2 A C T G 921

AlGL ECGRGQQDARVADRI GFFKRYCDI LRV GY GSNWLD 310
A2 P G 307
N1 TGCTATTCCCAGAGGCCATTCGGCTCTTCCTCGCTCATCGACGT CCT CETCT CATCTCACTAGTCTCATATGT GTCGCTCTGCCCTACT CTTATTCM 1035
N2 A 1026
ALC Y S QRPF GSSS LI DVL * 326
A2 323
N1 TCATCTTCTTTCCACAAAAAAAAAAAAAAAAAAAAAAAA 1075
N2 1066

Figure 3.18 Full-length nucleotide and predicted amino acid sequences. The dotted line shows a
cysteine-rich domain. The putative polyadenylation signal of leucaena chitinase 4/3.4 and
leucaena chitinase 5/3.1 at 1029-1035 and 1020-1026 is in the gray box, the start codon
at nucleotide 1-3 and stop codon at 979-981, 970-972 of leucaena chitinase 4/3.4 and leucaena
chitinase 5/3.1, respectively, are marked with open boxes. The underline and double underline
portions denote the conserved amino acid sequence regions, which were used for designing the
outer and inner sets, respectively, of Nested PCR primers for initial PCR fragment amplification.
The bold letters indicate the nucleotide sequences used for designing the 3¢RACE and 5¢ RACE
primers,
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The derived protein sequences of the two clones exhibit >95% sequence identity
(Figure 3.19) and code for 323 and 326 amino acid chitinase precursors. The two full-length
amino acid sequences of L. leucocephala chitinases were analyzed using the GENETYX
programs and the Expasy proteomics site (www.expasy.org). The mature protein was composed
of 300 amino acid residues for clone 5/3.1, with an expected molecular weight of 31.87 kDa and
predicted pl is 7.15. Clone 4/3.4 is composed of 302 amino acid residues, with an expected
molecular weight of 32.21 kDa and pl of 7.53 (Table 3.1). The protein contained an N-terminal
prepeptide signal for transport into the ER composed of 23 amino acid residues(M D N M N
KMRVLLCVLLSFMVGGL A)forclone5/3.1 and 24 residues (M D N M
NKMRVLLCVLLYSFMVGGL A)forclone4/34.

upper: | eucaena chitinases 5/3.1 (323 aa)
| ower: | eucaena chitinases 4/3.4 (326 aa)

1' MDNWNKMRVL LCLLL- SLMW GGLAEQCGRQ AGGALCPGGL CCSQFGNCGS NNDYCGPGCQ

khkkkkhkhkkrkhkhk *hkFdkk ok *kk Khhkkhkhkkhkdkhkkhk khkhkhkhkhkhkk k *kkhkxAkhkhkkkk *kkkkkkhxkk

1" MONWMNKVRVL LCLLLYSFWMV GGLAEQCGRQ AGGALCPGRL CCSQFGACGS TNDYCGPGCQ

60" SQC-- SGSGP APPSCGLASI | SRDTFNQVL KHRNDAACPA NGFYTYDAFI QAANSYPAFG

* %k % **k k% **kkkkk*k * kkhkkhkkkkkhkkhkkhkh *Fhkkkhkkhkkhkhkhkkk Fhkrkhkhkkhkkhkkhkkk *k Kk kkk*x

61" SQCGGSGPCGP APPSGGLTA | SRDTFNQWL KHRNDAACPA NGFYTYDAFI LAAKSFPAFG

118" STGDAATRKR EVAAFLGQTS HETTGGAPSA PDGPYAWGYC FKQERNPPSA YCQPSSQYPC

kkkk Khkkhkkk Kkhkkkhkkhkhkkhkhkk hhkhkkdkhkhkhkhkkhkk Fhkhkhkhkhkhkhkkhkk *khkdkhkhkkhkhkhkkhkhk khkkkkhkkhkkhkk

121" STGDDATRKR EVAAFLGOTS HETTGGWPSA PDGPYAWGYC FKQERNPPSA YCQPSSQYPC

178" APGKQYYCRG PMQLSWNYNY GQCGRAI GAD LLNNPDLVAS DAVI SFKTAL WFWMTAQSPK

kkhkkhkkkhkkhkkkhkhkk khkkhkhkkhhkkhkhk *hkkhkhkkhkkhkhkk *hk* khkhkkhkk khkrkhkkhkkkhkkhkkk khkkkhkkhkkhkkkx

181" APGKQYYCRG PMQLSWNYNY GQCGRAI GAD LLNSPDLVAS DAVI SFKTAL WFWMTAQSPK

238" PSCHDVI TGR WIPSGADTAA GRLPGYGITT NI I NGGLECG RGQDPRVADR | GFFKRYCDI

khkkkhkkhkhkkh*x *hkkhkhhkkhkhkhkkhk F*hkkhkkhhkkdkhhkdk F*xkhkkhkhkhkkhkhkkk *khkk*k kkkkhk Fkhkkkrkkkhkk*k

241" PSCHDVI TGR WIPSGADTAA CGRLPGYGTITT NI | NGGLECG RGQDARVADR | GFFKRYCDI

298" LGVGYGSNLD CYSCQRPFGSS SLI DVL

* kkhkkkhkkhkkhkk *hkFhkhkhkhkhkhkk khkkkkk

301" LRVGYGSNLD CYSQRPFGSS SLI DVL

Figure 3.19 Comparison of the protein sequences of leucaena chitinases 5/3.1 and leucaena
chitinases 4/3.4. They have 95.5% identity of amino acid level. Identical amino acids are marked
by asterisks.
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Table 3.1 The prediction of protein properties of chitinases from L. leucocephala

Leucaena | Precursor |Precursor MW| Precursor | Mature | Mature | Mature
chitinase. | length (dalton) nl length MW. nl

(AA) (AA) | (dalton)
Clone53.1| 323 34,388 157 300 31,870 115
Cloned/3.4 | 326 34,908 187 302 32,207 153

The deduced amino acid sequence was aligned with closely related class | chitinase protein
sequences from the GENBANK database. This alignment indicated that it was homologous to a
number of plant chitinase with the closest match being kidney bean, Phaseolus vulgaris (AC:
543926) with 74% identity; 73% for cow pea, Vigna unguiculata (AC: S57482); 72% for
Medicago sativa (AC: AABA41324); 72% for Medicago truncatula (AC: CAA71402); and 73%
for pea, Pisum sativum (AC: L37876) (Figure 3.20). By homology they should have a prepeptide,
cysteine-rich (chitin-binding) domain, a glycine/proline-rich hinge linker, and a catalytic domain
(Figure 3.22).

The deduced amino acid composition of leucaena chitinase (4/3.4) was calculated and
compared with class | chitinase from tobacco (Nicotiana tabacum) and potato (Solanum
tuberosum) as shown in Table 3.2. The amino acid composition of chitinase from L. leucocephala
high content of Asx, Gly, Cys, and Pro with 33, 42, 17, and 23 residues, respectively which is like
the amino acid composition of chitinase from tobacco with 36, 47, 18, 23 of these residues and
potato with 40, 44, 17, and 22 of these residues respectively. These chitinases had 17-18 cysteine
residues/mol and which was the typical content of class I chitinase (Yamagami et al., 1998).

Table 3.2 The comparison of amino acid composition between the predicted mature leucaena
chitinase and plant class I endochitinases

AA | Asx | Thr(Ser (GIx | Pro|Gly | Ala [Cys |Val [Met| Ile|Leu| Tyr|Phe|His| Lys|Arg| Trp|Tot

LL |33 (17|25 16 | 23|42 |28 |17 ST 15)13) 3] 8 |17] 7 (302

PO [ 401223 |18 | 22|44 | 21|17 3| 15(14 (11|15 4] 8|18] 8 (302

oo |l o
o | o

TO |34 (17|24 (19 | 26|46 |20 | 17 4 | 15| 14111141 4 7118] 8 [306

LL: L. leucocephala, PO: potato, TO: Tobacco




102

Leucaena chitinase 5-3
Leucaena chitinase 4-3
ki dney bean CH5B
cowpea

M sativa

M truncatul a

pea endochitinase A2

PR PR PR

=

Leucaena chitinase 5-3 57:
Leucaena chitinase 4-3 58:
ki dney bean CH5B 60:
cowpea 58:
M sativa 57:
M truncatul a 57:
pea endochitinase A2 54:

Leucaena chitinase 5-3 115:
Leucaena chitinase 4-3 118:
ki dney bean CH5B 116:
cowpea 112:
M sativa 113:
M truncatul a 110:
pea endochitinase A2 109:

Leucaena chitinase 5-3 175:
Leucaena chitinase 4-3 178:
ki dney bean CH5B 175:
cowpea 171:
M sativa 172:
M truncatul a 170:
pea endochitinase A2 168:

Leucaena chitinase 5-3 235:
Leucaena chitinase 4-3 238:
ki dney bean CH5B 235:
cowpea 231:
M sativa 232:
M truncatul a 230:
pea endochitinase A2 228:

Leucaena chitinase 5-3 295:
Leucaena chitinase 4-3 298
ki dney bean CH5B 295:
cowpea 291:
M sativa 291:
M truncatul a 290:

pea endochitinase A2 288:

: MDNMNKMRVLLG- - LLL- SLM/GG- LAEQCGCQAGGAL CPGGL CCSQFGWCGSNNDYCGP 56

VDNWMNKMRVLLC- - VLLYSFMWGG- LAEQCGRQAGGAL CPGRLCCSQFGACGSTNDYCGP 57
MKK- NRMMWM WEVGVVWML L VGGSY GEQCGRQAGGAL CPGGNCCSQFGWCGSTTDYCGP 59

1 | PK- NRM WBV- AV- VW VL VGGSWGEQCGSQAGGAL CPGGL CCSQFGWCGSTDDYCGK 57

- - - M LMKMRLALVTTVVLLI | GCSFAEQCGKQAGGAL CPGGL CCSKFGWCGSTGEYCGD 56
- - - M MVRLALWTTAVLLVI | GCSFADECGKQAGGAL CPGGL CCSKFGWCGSTGDYCGD 56
------ M SKLRI PI LLVLFI VSCCSAEQCGT QAGGAL CPGGL CCSKFGNCGSTSEYCGD 53

* kk Kk kKKK KKK kkKk KKK KKK * kK

GCQSQC- - SGSGPAPPSGGLASI | SRDTFNQWL KHRNDAACPANGF YTYDAFI QAANSYP 114
GCQSQCGGSGPGPAPPSGGL TG | SRDTFNQVL KHRNDAACPANGFYTYDAFI LAAKSFP 117
GCQSQC- G- GPSPA- P- TDLSAL| SRSTFDQVL KHRNDGACPAKGFYTYDAFI AAAKAYP 115
GCQSQC- G- GQ- PA- P- SDLSALI P- GHFDOVL KHRNDGACPARGFYTYDAFI AGARAFP 111
GCQSQCGGESS- G- G- - GGDLGSLI SRDTFNNMLKHRDDSGCQGKGL YTYDAFI SAAKAFP 112
GCQSQCSGSS- - - - - - - GDLGSLI SRDTFNNMLKHRDDSGCQGKRL YTYDAFI SAAKAFP 109
GCQSQCSGSS- - - G- - GGTLSSLI SGDTFNNM. KHRNDNACQGKPFYTYDAFLSAAKAFP 108

*ok ok ok Kk ok * * * EEE TR * *ok koK KKk * *

AFGSTGDAATRKREVAAFL GQT SHET TGGWPSAPDGPYAWGY CFKQERNPPSAYCQPSSQ 174
AFGSTGDDATRKREVAAFL GQT SHET TGGWPSAPDGPYAWGY CFKQERNPPSAYCQPSSQ 177
SFGNTGDTATRKREI AAFL GQTSHETTGGWATAPDGPYAWGYCFVRERN- PSTYCSATPQ 174
SFGNTGDTATRKREI AAFLGQT SHETTGGWPSAPDGPYAWGYCFVREQN- PSAYCSPTPQ 170
NFANNGDTATKKREI AAFL GQTSHETTGGWATAPDGPYAWGY CFVREQNP- STYCQPSSE 171
NFANNGDTATKKREI AAFLGQTSHETTGGWATAPDGPYAWGY CFVREQNPSSTYCQPSSE 169
NFANKGDTATKKREI AAFL GQTSHETTGGWPTAPDGPYAWGYCFLREQNP- STYCQASSE 167

* kk kk kkk kkkkkkkkkkkkokk ok kokokkokokokok ok ok ko * ok * ok k

YPCAPGKQYYGRGPMQL SWNYNYGQCGRAI GADL LNNPDL VASDAVI SFKTALWFWMTAQ 234
YPCAPGKQYYGRGPMQL SWNYNYGQCGRAI GADL LNSPDL VASDAVI SFKTALWFWMTAQ 237
FPCAPGQQYYGRGPI Q SWNYNYGQCGRAI GVDLLNKPDLVATDSVI SFKSALWFWMTAQ 234
FPCASGQQYYGRGPI Q SWNYNYGQCGNAI GVDL I NNPDL VATDPVVSFKSAI WWWMTPQ 230
FPCASGKQYYGRGPI Q SWNYNYGQCGRAI GVDLLNNPDLVATDPVI SFKTALWFWMTPQ 231
FPCASGKQYYGRGPI Q SWNYNYGQCGRAI GVDLLNNPDLVATDPVI SFKTALWFWMIPQ 229
FPCASGKQYYGRGPI Q SWNYNYGQCGRAI GVDLLNNPDLVATDPVI SFKTALWFWMIPQ 227

kkk ok kkkkkkk Kk kkkkkkkkkk kkk Kkk Kk kkkkk Kk Kk kkk *k kkkkk K

SPKPSCHDVI TGRWIPSGADTAAGRLPGYGTTTNI | NGGLECGRGQDPRVADRI GFFKRY 294
SPKPSCHDVI TGRWIPSGADTAAGRLPGYGTTTNI | NGGLECGRGQDARVADRI GFFKRY 297
SPKPSSHDVI TSRWIPSSADVAARRL PGYGTVTNI | NGGLECGRGQDSRVQDRI GFFKRY 294
SPKPSSHDVI TSQATPSAADVAAGRLPGYGTVTNI | NGGLECGRGQDSRVEDRI GFFKRY 290
SPKPSCHDVI TGRWSPSSADRAACGRLPGYGTVTNI | NGGLECGRGQDG- VQDRI GFYKRY 290
SPKPSCHDVI TGRWSPSSADRAAGRLPGYGTVTNI | NGGLECGRGQDGRVQDRI GFYKRY 289
SPKPSCHDVI TGGWI PSSADRAAGRLPGYGTVTNI | NGGLECGRGQDSRVQDRI GFYKRY 287

kokokkok ok kokkok k kk kk kk kkkkkkk kkkkkkkkkkkkkkk * kkkkk kkok

CDI LGVGYGSNLDCYSQRPFGSS- - SLI DVL- - - - -- 323

: CDI LRVGYGSNLDCYSQRPFGSS- - SLI DVL- - - - -- 326
CDLLGVGYGNNLDCYSQTPFGNS- - LFLSDLVTSQ- - 327
CDLFGVGYGNNLDCYSQAPFGNS- - L- L- NLHPI V- - 321
CDI LGVGYGDNL DCFSQRPFGSSL SLSSLFLNSI DT- 326
CDI LGVGYGDNLDCFSQRPFGSSLSLSSLFLNSI DT- 325
CDI FG GYGDNLDCYSQRPFGSSLPLSSI LLDTVAAA 324
* % kkk Kkkkk *kk Kkkk K *

Figure 3.20 Multiple sequence alignment of deduced amino acid sequences from full-length
leucaena chitinases 5/3.1 and 4/3.4 sequences. The sequences aligned include the class |
chitinases from: kidney bean, Phaseolus vulgaris (AC: S43926); cow pea, Vigna unguiculata
(AC: S57482); M.sativa, Medicago sativa (AC: AAB41324); M.trucatula, Medicago truncatula
(AC: CAAT71402); and pea, Pisum sativum (AC: L37876). The asterisks are conserved amino acid

residues.
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3.6 Expression on BL21 (DE3) and Origami (DE3) E.coli

Oligonucleotide primers for DNA expression were designed from the sequence of the
L. leucocephala class | chitinase without prepeptide (Figure 3.21). The cloning strategy was
designed such that the predicted mature protein with an additional N-terminal methionine residue
and a C-terminal His tag would be produced in pET23d, and a chitinase with an addition
N-terminal thioredoxin (Trx).Tag, Hiss Tag, Thrombin cleavage site, S.-Tag, Enterokinase
cleavage site would be produced for pET32a. To construct the expression plasmid, total RNA
from L. leucocephala seedling was reverse transcribed from a polyT,; primer and then amplified
by PCR using Pfu DNA polymerase using appropriate primers for cloning into the expression
plasmids (Figure 3.21). The gel purified PCR product, a specific band of approximately 900 bp
(lane 2 from Chit-Ex1f primer and Chit-ExLr primer, lane 3, 4 from KBEX-2f primer and
KBEX-2r primer, Figure 3.22), was cloned into the Hinc 11 site of a pUC19 vector. Recombinant
plasmids were confirmed by restriction digest with Nco | and Xho | and agarose gel
electrophoresis.

The expected sequences of the plasmids were confirmed by sequencing and analysis. The
correct insert plasmids were digested with Nco 1'and Xho I, and the insert eluted. The leucaena
chitinase gene was subcloned into the prokaryotic expression vectors pET23d and pET32a at the
Nco | and Xho I sites and the recombinant plasmids confirmed by restriction digest with Nco | and
Xho I and agarose gel electrophoresis.
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A 1
acat caagt ccaagagATGGATAACATGAACAAGATGCGGGTGCTCTTGT GTGTGCTGCTGTACAGC

| eucaena chitinase
(pET32a) M Trx-Tag (105 aa.)— His-Tag — Thronbin

TTCATGGT GGGAGGCT TAGCGGAGCAAT GCGECAGACAGGCAGGEEGT GCCT TGT GCCCCGECGECCTC 120
40

51
17

S-Tag — Enteroki nase-

pET23d ( Ncol ) CCATGGAGCAATGCGGCAGA > Chit- Ex1f
( Ncol ) CCCATGGAGCAATGCGGCAG > KBEX- 1F

TGCTGCAGCCAAT TCCECTGGT GT GGT TCCACTAACGAT TACT GCGECCCCGGT TGCCAGAGCCAGIGT 189
63

GGCCGAAGT GGCCCAGCCCCT CCCT CCGGT GGCCT CATCCGGCATCATCTCCAGGGACACCTTCAACCA 258
P G P A P P S 86

GATGCTCAAGCACCGCAACGACGCCGCCTGCCCGGECCAATGGT TTCTACACCTACGACGCCTTCATTCT 327
109

GGCGGECCGCCAAGT CTTTCCCCGCCT TCGECAGCACCGGCGAT GAT GCCACGCGCAAGAGGGAGGTCGC 396
E V. 132

AGCTTTCCT CGGGCAAACT TCACACGAGACCACCGGECGGT TGGCCCAGCGCTCCCGACGGTCCTTACGC 465
155

CTGGGEGT TACTGCTTCAAACAGGAACGGAACCCACCAAGCGCTTACTGT CAACCCAGCTCCCAATATCC 534
178

603
201

GTI' GCGGAAGAGCCAT AGGAGCGGACT TGCT CAACAGCCCCGACCT GGT GGCTAGCGATGCTGTGATATC - 672
224

CTTCAAGACGGCACTATGGT TCTGGATGACAGCGCAGT CGCCGAAGCCATCGTGCCACGACGTCATCAC 741
247

GGEGGAGAT GGACACCCT CCGECGCGT GACACGECGGECGEGTAGACT TCCAGGEGTACGGAACGACCACGA 810
270

ACATCAT CAACGGAGGCECT GGAGT GT GGGAGAGGEGCAGGACGCGAGGEGT TGCGGATCGCATTGGATTCT 879
293

TCAAGAGATACT GCGACAT TCTGCGT GT CGGCTATGGCT CCAACCT CGACT GCTATTCCCAGAGGCCAT 948
316

TCGCCTCTTCCTCCCT CATCGACGT CCTCTAATCTCATCTCACTAGTCTCATATGTGTCGCTCTGCCCT 1017
326

AT GCCCT CCAGCCAAGCAATACT AT GGCCGCGGACCCAT GCAACT GT CCT GGAACT ACAACTACGGACA

TCATCGACGTCCTCGAGE Xho 1) - Hisg Chit-Bx1r (pET23d)

< TCGACGTCCTCTAACTCGAGE Xho |) KBEX- 1R (pET32a)

B SP CRD Catalytic domain H'S
dass | Chitinase ]

pPET23d [ I |

PET32a [ T T
Trx-Tag H' S TH S ENT

SP: signal peptide, CRD: cysteine rich domain, HR: hinge region,

H'S: Hise-Tag, TH: Thronmbin cleavage site, S: S-Tag, ENT: Enterokinase
cl eavage site

Figure 3.21 Oligonucleotide primers for DNA expression were designed from leucaena class |
chitinase without prepeptide (A). The primers used were to subclone the chitinase-coding
sequence into pET23d and pET32a expression plasmids to produce the proteins diagrammed in B.



105

3,000 —

1,000 —

Figure 3.22 0.8% agarose gel electrophoresis of PCR product for recombinant expression.
Lane 1: 100 bp DNA marker
Lane 2: PCR product from Chit-ExLf primer and Chit-ExLr primer.
Lane 3-4: PCR product from KBEX-2f primer and KBEX-2r primer,
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1 2 3 1234567 89101112

3,000 —

1,000—

Figure 3.23 0.8% agarose gel electrophoresis of restriction enzyme analysis of pET23d
(Figure 3.23 A) and pET32a (Figure 3.23 B) recombinant plasmids containing cDNA fragment of
chitinase with Nco | and Xho .
Figure 3.23 A: Lanel: 100 bp DNA marker
Lane 2, 3: Nco | and Xho I digested pET23d chitinase recombinant plasmids from
white colonies No. 1, 2 from left to right, respectively.
Figure 3.23 B: Lane 1, 12: 100 bp DNA marker
Lane 2.-11; Nco | and Xho | digested pET32a recombinant plasmids from clones
No.1,2,3,4,5,6,7,8,9,and 10 from left to right.
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The size of plasmid and insert bands from recombinant plasmids No. 1 and 2 from pET23d
were about 3,700 bp band and 900 hp, respectively, (lane 2 and 3) (Figure 3.23 A), and the
recombinant plasmids No. 1, 2, 3, 4, 7, 8, and 9 from pET32a gave a plasmid size of about
5,900 bp and insert size of about 900 bp (lanes 2, 3,4, 5, 8, 9, and 10, Figure 3.23 B).

The correct insert sequences of pET23d and pET32a recombinant plasmids were confirmed
by sequencing with the T7 promoter and T7 terminator primers and retransformed into competent
BL21 (DE3) and Origami (DE3) cells, respectively. The optimum condition of IPTG induction
and time for expression of active chitinase were determined with 0.05, 0.1, 0.3, 0.5, 0.7, and
0.9mMIPTGfor 0,2, 5,8, 12, 18, and 24 hat 15° and 30°C for pET23d and 0.05, 0.1, 0.3, 0.5,
and 0.9 mM IPTG for 0, 4, 8, 12, 16, 20, and 24 h at 15, 30°C for pET32a. The optimum
conditions are 0.3mM IPTG and 5 h at 15°C for pET23d (Table 3.3 and Figure 3.24) which had
the highest activity of 0,018 U/ml culture and 0.1 mM IPTG and 12 h for pET32a at 15°C
(Table 3.4 and Figure 3.25) which had the highest activity of 0.063 U/ml.

Table 3.3 The activity (U/ml) of pET23d leucaena chitinase expressed in BL21 (DE3) E.coli at
15°C and 30°C for 0, 2, 5, 8, 12, 18, and 24 h at IPTG concentration of 0.05, 0.1, 0.3, 0.5, 0.7,
and 0.9mM.

Temp. Activity at 15°C (Ulml) Activity at 30°C (Ulml)
IPTG (mM) {0.05] 01| 03 {05 (07|09 {005]01[{03]05]07]09
Time ()

0 0.001{0.001 0.001 {0.001 10.001 {0.001 {0.001 10.001 |0.001 {0.001 {0.001 |0.001
2 0.008 {0.009 (0.010 /0.009 10.009 (0.008 (0.005 {0.005 {0.004 0.004 10.006 |0.006
5 0.010(0.011 |0.018 10.010 10.012 |0.010 (0.007 {0.008 {0.009 0.007 |0.005 | 0.006
8 0.0110.01310.017{0.011 |0.014 {0.015 {0.008 {0.008 |0.008 {0.007 0.005 |0.005
12 ]0.01410.0150.016 |0.015{0.013 |0.013 {0.007 |0.007 {0.007 {0.005 |0.004 | 0.005
18 |0.016{0.0150.014 10.013 (0.012 0.012 |0.006 {0.005 (0.007 {0.004 |0.004 |0.004
24 10,016 (0.015 (0.012 {0.012 10.012 |0.011 |0.006 |0.005 {0.006 |0.004 10.003 |0.003
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Figure 3.24 The comparison of chitinase activity from IPTG concentrations and incubation times
from pET23d leucaena chitinase expressed in BL21 (DE3) E.coli. The induction temperature of A

was 15°C and B was 30°C.
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IPTG concentration and time at 15°C
0.07 5
006 | —&—0.05 mM IPTG
:E\ 005 ] —— 0.1 mM IPTG
é 004 | —&— 0.3 mM IPTG
g 003 ] —>—0.5mM IPTG
% 0I02 ] —¥— 0.7 mM IPTG
001 | 0.9 mM IPTG
0 T T T T T 1
0 4 § 12 16 20 24
Time (h)
A
IPTG concentration and time at 30°C
0.07 -
g 0.06 | —&—0.05 mM IPTG
3 005 | —&—0.1 mM IPTG
:g 004 u —&—0.3mM IPTG
= 0.03 4 —X—0.5mM IPTG
0.02 4 —K—0.7 MM IPTG
001 — —8—0.9mM IPTG
0 | | [ | | |
0 4 8 12 16 20 24
Time (h)
B

Figure 3.25 The comparison of chitinase activity at different inducing IPTG concentrations and
induction times from pET32a leucaena chitinase expressed in Origami (DE3) E.coli. The E.coli

were grown at 37°C and induced at 15°C in A and 30°C in B.
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Induction of expression from pET23d leucaena chitinase at 15°C for 5 h at an IPTG
concentration of 0.3 mM resulted in an approximately 32 kDa protein band on SDS-PAGE
(Figure 3.26). The expressed protein was present in hoth insoluble inclusion bodies and soluble
form. For expression using pET32a, a protein was produced with contained an additional
N-terminal methionine residue, a Trx. Tag, an S- Tag, a His,. Tag and cleavage sites for thrombin
and enterokinase. Induction of expression at 15°C resulted in an approximately 46 kDa
recombinant protein band on SDS-PAGE of cell extracts. The strongest band was seen with
0.1mM PTG induction at 15°C for 12 h (lane 7 in Figure 3.27), which had the highest activity of
0.063 units/ml culture in Table 3.4. A 14 kDa band of thioredoxin protein (Figure 3.27 lane 3)
was produced from pET32a, which was induced with 0.1 M IPTG for 24 h. The recombinant
protein had chitinase activity and was induced even without IPTG but accumulated less than one
half the activity under these conditions compared to the optimum condition.
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Figure 3.26 12% SDS PAGE of pET23d leucaena chitinase expression in BL21 (DE3) E.coli at
15°C for 5 h of induction with 0.3mM IPTG.

Lane 1. Protein markers (kDa), Lane 2: pET23d control,

Lane 3: Crude E.coli extract, Lane 4: Insoluble material from E.coli extract,

Lane 5: soluble material from E.coli extract.
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Figure 3.27 12% SDS PAGE of leucaena chitinase expression from pET32a in Origami (DE3)
E. coli at 15°C of 0.L mM IPTG.

Lane 1: Protein MW markers (kDa) Lane 6: 0.1 mM IPTG induced for 8 h

Lane 2: Uninduced pET32a (control) 0 h Lane 7: 0.1 mM IPTG induced for 12 h
Lane 3: 0.LmM IPTG induced of pET32afor24h  Lane 8: 0.1 mM IPTG induced for 16 h
Lane 4: Uninduced of pET32a leucaenachitinase  Lane 9: 0.1 mM IPTG induced for 20 h
Lane 5: 0.1 mM IPTG induced for 4 h Lane 10: 0.L mM IPTG induced for 24 h

Table 3.4 The activity (Ulml) of leucaena chitinase expressed from pET32a in Origami (DE3)
E. coli at 15°C and 30°C for 0, 4, 8, 12, 16, 20, and 24 h at IPTG concentrations of 0.05, 0.1, 0.3,
05,0.7, and 0.9 mM.

Temp. Activity at 15°C (U/ml) Activity at 30°C (U/ml)
IPTG (mM) | 0.05| 0L | 03 | 05| 07 {09 {005 0L | 03] 05]07 09
Time (h)

0 {0.028]0.028 |0.028 |0.028 {0.028 |0.028 |0.027 0.027 {0.027 |0.027 0.027 |0.027
4 10.030/0.043 |0.042 (0.0290.029 |0.031 {0.025{0.023 |0.030 |0.035 |0.035 {0.034
8  {0.040]0.054 10.048 |0.036 {0.040 {0.035 |0.043 |0.043 {0.043 {0.043 |0.040 {0.039
12 10.053{0.063 |0.054 |0.041 0.047 {0.040 |0.031 0.033 |0.035 {0.030 {0.030 {0.029
16 |0.054{0.062 |0.059 |0.049 |0.052 {0.048 |0.025 |0.028 |0.031 {0.027 |0.027 {0.026
20 {0.058]0.061 |0.061 |0.055{0.054 |0.054 |0.024 0.027 |0.027 {0.026 |0.026 |0.024
24 10.0600.059 |0.062 |0.056 {0.053 {0.055 |0.024 |0.026 |0.026 |0.024 |0.025 |0.022
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3.7 Purification of recombinant protein using Ni-NTA superflow and Sephadex
G-100

A L. leucocephala chitinase gene DNA was expressed in Origami (DE3) E.coli using the
PET32a T7 expression vector including thioredoxin (Trx), His; and S- Tags, and cleavage sites for
thrombin and enterokinase (Figure 3.21 B). The crude extract from this expression showed high
activity, comparable to extracts of young L. leucocephala de Wit plants. The amount of soluble
recombinant protein was dependent on the IPTG concentration, time, and temperature of
induction, with optimal expression achieved on induction with 0.1 mM IPTG at 15°C for 12 h
(Figure 3.27). The recombinant fusion protein has about 46 kDa, which contained approximately
14 kDa of thioredoxin fusion tag on the N-terminus and 32 kDa of chitinase. After purification
using a Ni-NTA column to bind the His,- Tag and Sephadex G-100, a single band of recombinant
protein was seen on SDS-PAGE at 46 kDa (Figure 3.28).

The purified fusion protein was cleaved with enterokinase to produce the 32 kDa chitinase
and 14 kDa thioredoxin fusion tag, including a thioredoxine (Trx), His; and S.Tags. The
thioredoxin fusion tag was removed over the Ni-NTA column that bound to His;- Tag in the
thioredoxin fusion tag and released the free chitinase. Purification of the recombinant fusion
protein with the Ni-NTA and Sephadex G-100 column gave a 4.6 fold purification, and cleavage
of recombinant fusion protein with enterokinase and removal of the fusion tag from the chitinase
increased the purification to 5.6 fold (Table 3.5). The chitinase activity recovered was 88%, 73%,
and 57% from the Ni-NTA column, Sephadex G-100 column, and fusion tag removal,
respectively.
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Figure 3.28 12% SDS PAGE of the pET32a L. leucocephala chitinase expression from
L. leucocephala chitinase in Origami (DE3) E.coli containing. Either control pET32a or pET32a
containing the L. leucocephala chitinase cONA (pET32a/L. leucocephala chitinase) were induced
with 0.1 mM IPTG at 15°C for 12 h. The cells were collected, extracted and purified over
Ni-NTA and G-100 columns. The purified fusion protein was cleaved with enterokinase and
purified over the Ni-NTA column to remove the fusion tag. Samples from the procedure were
loaded in the following lanes on SDS-PAGE: lane 1: protein markers (kDa); lane 2: control
PET32a; lane 3: soluble crude extract of E.coli with pET32a/chitinase plasmid uninduced; lane
4: soluble crude E.coli extract induced with 0.1 mM IPTG,; lane 5: purified recombinant fusion
protein from Ni-NTA column; lane 6: purified recombinant fusion protein after Sephadex G-100;
lane 7: cleavage of recombinant fusion protein; lane 8: purified cleaved chitinase.
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Table 3.5 Purification of leucaena chitinase after expression from pET32a was expressed in
Origami (DE3) E.coli.

Step Total activity | Total protein | Specific activity | Recovery |Purification
(V) (mg) (Ulmg protein) | (%) (Fold)

- Control (pET32a) 0.0045 8.2 0.0005 - -

- Crude recombinant 0.4410 20.80 0.0212 100 10
soluble fraction

- Ni-NTA-column 0.3882 411 0.0944 88 45

- Sephadex G-100 0.3225 3.28 0.0983 13 46

- Purified cleavage 0.2490 2.09 0.1189 57 5.6
recombinant protein

3.8 Crude enzyme extraction and purification from L. leucocephala seedlings

The crude 0.1 M acetate buffer pH 5.0 extract from L. leucocephala seedlings had many
bands (lane 2 in figure 3.29). Chitinase activity was detected in the extract by colorimetric assay
(Table 3.6) and subjected to purification. The crude extract was precipitated with 70% ammonium
sulfate and after dialysis showed two major dark bands at 18 and 40 kDa, which did not appear to
correspond to chitinases (lane 3, figure 3.29). The final step was purified by affinity absorption on
chitin in a beaker. The chitinase activity was eluted with 0.02 M acetic acid (pH 3.0) and dialyzed
with 0.1 M acetate buffer pH 5.0. The chitinase activity was found to contain an essentially
homogenous protein of 32kDa by SDS-PAGE (lane 4, figure 3.29)

Table 3.6 shows the yield and fold purification of the chitinase from L. leucocephala. After
70% ammonium sulfate precipitate, the chitinase activity recovered was 65.16% with 4.3 fold
purification. Further purification with chitin affinity chromatography gave higher purity up to
26.7 fold with a recovery of 15.92%. The SDS-PAGE showed a high purification of leucaena
chitinase on the chitin to give a homogenous chitinase but the yield of 15.92% of chitinase
activity was low. Some chitinase may be left bound on the chitin.
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Figure 3.29 12% SDS PAGE of chitinase purification from L. leucocephala seedlings.
Lane 1: Protein mass makers (kDa), lane 2: Crude enzyme, lane 3: 70% Ammonium sulfate

precipitate lane 4: Chitin affinity chromatography, eluted with acetic acid (pH 3.0)

Table 3.6 Purification of chitinase from Leucaena leucocephala de Wit

Step Total activity| Total protein [Specific activity | Recovery | Purification
(Units) (mg) (Units/img) (%) (fold)
1. Crude extract 0.5640 202 0.0028 100 1
2.70% (NH,),SO, 0.3675 30 0.0123 65 43
3. Chitin affinity 0.0898 12 0.0748 159 26.7
chromatography

3.9 Determination of isoelectric point

To investigate isoelectric focusing point of leucagna chitinase from seedlings and purified
cleaved recombinant protein, isoelectric focusing in polyacrylamide gel was performed in the pH
range 3.0-9.0. The electrophoretic patterns obtained in Figure 3.30 showed a single band of
chitinase from L. leucocephala seedlings (lane 2, Figure 3.30 A) and purified cleavage
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recombinant protein (lane 2, Figure 3.30 B). The leucaena chitinases purified from seedlings and
recombinant expression had pls of approximately 7.6 and 7.5 respectively.
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Figure 3.30 A, Isoelectric focusing of purified chitinase from L. leucocephala seedlings. B,
Isoelectric focusing of purified chitinase from cleaved recombinant protein. They were separated
by Phastgel IEF pl 3-9, and compared to pl standard markers. Lane 1: Protein pl makers (kDa),
lane 2: A, purified chitinase from L. leucocephala seedlings. B, purified cleaved recombinant
chitinase.

The cloned chitinase sequence had a calculated molecular weight of 32.21 kDa and pl of
1.53, which is close to the molecular weight and pl observed for chitinase purified from
L. leucocephala seedlings of 32 kDa and pl of 7.6 and for purified cleaved recombinant chitinase
of 32 kDa and pl of 7.5, respectively. The specific activity of the purified, cleaved recombinant
chitinase from the pET32a expression vector was highest at 0.1189 U/mg (Table 3.7). The
specific activity of purified recombinant chitinase without or with fusion tag removal was higher
than that purified L. leucocephala seedlings by 1.6 fold and 1.3 fold respectively. The chitinase
protein from pET23d expression vector was mostly found in the inclusion body. Then the pET32a
expression vector was suitable for produce chitinase because it had a thioredoxin-fusion in redox-
deficient E.coli to allow formation of disulfide bonds, which in class | chitinases have. The
thireodoxin-fusion may catalyze the disulfide bond formation and assist in folding of the class |
chitinase, resulting in better activity.
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Table 3.7 Comparison of activity of leucaena chitinase purified from seedling and expressed in
E. coli.

Sample Total | Total |Specificactivity [Comparison

activity | protein | (U/mg protein) | Specific

(Unit) | (mg) activity

(Fold)
- Crude from seedlings 0.5640 | 202 0.0028 10
- Purification of seedlings 0.0898 | 1.20 0.0748 26.7
- Crude soluble protein pET23d 0.0146 | 2.10 0.0180 34
- Crude soluble recombinant protein pET32a | 0.4410 | 20.80 0.0212 16
- Purified recombinant fusion protein pET32a | 0.3225 | 3.28 0.0983 3.1
- Purified, cleaved recombinant chitinase 0.2490 | 2.09 0.1189 425

PET32a

3.10 Effect of pH on chitinase activity

The optimum pH for the activity of the chitinase from seedlings and recombinant fusion
protein was determined. The enzyme was incubated at 40°C for 10 min at various pH of 0.1 M
acetate buffer pH 3.5,4.0,4.5, 5.0, 5.5, and 6.0; 0.1 M phosphate buffer pH 5.5, 6.0, 6.5, 7.0, and
7.5;and 0.1 M Tris-HCI pH 7.0, 7.5, 8.0, 8.5, and 9.0. The chitinase isolated from seedlings and
recombinant fusion protein both exhibited maximal activity at pH 4.5 as shown in Figure 3.31.

3.11 Effect of temperature on chitinase activity

The optimum temperature for the activity of chitinase from seedlings and recombinant
fusion protein was determined. The enzyme was incubated in 0.1 M acetate buffer pH 4.5 for 10
min at various temperatures: 25, 30, 35, 40, 45, 50, 55, 60, 65, and 70°C. The enzyme from
seedlings and recombinant fusion protein hoth exhibited maximal activity at 55°C (Figure 3.32).
Therefore, the suitable condition for a 10 min chitinase assay should be at pH 4.5 and 55°C. The
pH and temperature optimums indicated the some properties of chitinases from seedlings and the
recombinant fusion protein were the same.
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Figure 3.31 Effect of pH on purified leucaena chitinase activity. A shows the effect of pH on
chitinase purified from L. leucocephala seedlings and B shows the effect of pH on chitinase

activity of recombinant fusion protein.
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Figure 3.32 Effect of temperature on purified leucaena chitinase activity. A shows the effect of
temperature on chitinase purified from L. leucocephala seedlings and B shows the effect of
temperature on the chitinase activity of recombinant fusion protein.
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3.12 Substrate specificity test

The substrate specificity of purified chitinase was tested with 1% of each substrate,
colloidal chitin, swollen chitin, purified chitin, glycol chitin, and chitosan, in 0.1 M acetate buffer,
pH 4.5 for 10 min at 40°C the same temperature for determined chitinase activity. The results
show that using colloidal chitin as substrate gave the highest activity for both chitinase purified
from L. leucocephala seedlings and recombinant protein of 0.075 and 0.098 units/img,
respectively (Table 3.8). Purified chitinases hydrolyzed chitosan slowly because chitinases
hydrolyzed chitin and its derivatives, at N-acetylglucosamine residues to give
chitooligosaccharides and chitosan residues are largely unacetylated. Chitinase is the best to
hydrolyzed colloidal chitin because colloidal chitin is a somewhat different structure than purified
chitin and swollen chitin, but for glycol chitin (6-O-hydroxyethyl-chitin) has hydroxyethyl group
at O of C6 .50 which has effect to hind and hydrolyze at chitinase.

Table 3.8 Substrate specificity of chitinase activity from L. leucocephala

Enzyme activity (U/mg) Relative activity (%)
Substrate L. leucocephala | Recombinant | L. leucocephala | Recombinant

seedlings Protein seedlings Protein
- Colloidal chitin 0.075 0.098 100 100
- Purified chitin 0.038 0.049 50.7 50.0
- Swollen chitin 0.025 0.030 3.3 306
- Glycol chitin 0.017 0.022 2.1 224
- Chitosan 0.014 0.018 18.7 184

3.13 Enzymatic assay

The purified chitinase was tested to see whether it was an endochitinase or exochitinase
with p-nitrophenyl-N-acetyl-D-glucosaminide - (pNP(GIcNAC),), ~p-nitrophenyl-N,Nediacetyl-
chitobiose (pNP(GIcNAC),), and p-nitrophenyl-N N¢Nastriacetylchitotriose (pNP(GICNAC),). The
results showed highest activity on p-nitrophenyl-N,N¢Nastriacetylchitotriose as  substrate
of 0.023 units/ml and low activity on p-nitrophenyl-N-acetyl-D-glucosaminide, p-nitrophenyl-
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N,Nediacetylchitobiose (Table 3.9). From these results, chitinase from L. leucocephala is likely
an endochitinase because it hydrolyze p-nitrophenyl-N,N¢Naztriacetylchitotriose to produce
N,Ne¢Nastriacetylchitotriose that like hydrolyze chitin to produce N ,N¢Nastriacetylchitotriose,
while exochitinase (chitobiosidase) can hydrolyze p-nitrophenyl-N,Nediacetylchitobiose to
produce N Nediacetylchitobiose and N-acetyl-D-glucosaminidase hydrolyze p-nitrophenyl-N-
acetyl-D-glucosaminide to produce N-acetyl-D-glucosamine (Roberts and Selitrennikoff 1988).

Table 3.9 Enzymatic assay of chitinase activity from L. leucocephala

Substrate Enzyme activity (units/ml)
seedlings Recombinant protein
- PNP(GlcNAC), 0.002 0.002
- PNP(GlcNAc), 0.002 0.003
- PNP(GIcNAC), 0.018 0.023
3.14 Kinetic constants

To study the Kinetic properties, chitinase purified from recombinant fusion protein was
assayed in 0.1 M sodium acetate buffer pH 4.5 at 55°C for 10 min with colloidal chitin,
p-nitrophenyl-N,N¢Nastriacetylchitotriose, and N N¢NetNasstriacetylchitotriose as substrate
(Table 3.10). The results were plotted on Lineweaver-Burk plot to determine K., and k., values of
7.60 mg dry weight chitin/ml and 8.28 min™, respectively for-colloidal chitin. The k,/K,, was
calculated to be 1.09 (mg dry weight chitin/ml) ™" min as was shown in Figure 3.33 and Table
3.13. For p-nitrophenyl-N,N¢Neztriacetylchitotriose as substrate (Table 3.11), K, and k., were
48.78 nM and 35.42 min™, respectively. The kcat/Km was calculated to be 0.73 mwM* min™
as shown in Figure 3.34 and Table 3.13. For N,NeNatNastetraacetylchitotetraose as substrate
(Table 3.12), K., and k., were 2.05 mM, 95.22 min™, respectively. The kcat/Km was calculated to
be 46.44 M min™ as shown in Figure 3.35 and Table 3.13,
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Table 3.10 Kinetic properties of recombinant chitinase fusion protein was tested activity with
colloidal chitin as substrate

[Colloidal chitin] | Specific activity 1/[colloidal chitin] 1/ specific activity
(mg dry (minolimin/mg) | (mg dry weightml)* | (rinolimin/mg)*
weight/ml)
0 0 - -
2 0.037 0.500 21.027
4 0.062 0.250 16.129
6 0.079 0.167 12.658
8 0.092 0.125 10.870
10 0103 0100 9.709
12 0112 0.083 8.929
14 0117 0.071 8.547
16 0120 0.063 8.333
18 0122 0.056 8.197
20 0124 0.050 8.065

Table 3.11 Kinetic properties of recombinant chitinase fusion protein was tested activity with
p-nitrophenyl N,N¢Neztriacetylchitotriose as substrate

[DNP(GIcNAC);] | Specificactivity | 1/ [pNP(GIcNAC)] 1/specific activity
(M) (ninol/min/mg) (n)* (minol/min/mg)*
0 0 - -
20 0.225 0.0500 4.441
60 0.409 0.0167 2443
100 0.512 0.0100 1.954
150 0.5% 0.0067 1.679
200 0.637 0.0050 1571
250 0.655 0.0040 1.527
300 0.665 0.0033 1.503
350 0.675 0.0029 1.480
400 0.686 0.0025 1.458
450 0.6%6 0.0022 1437
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Figure 3.33 Kinetic analysis of purified chitinase from recombinant protein activity with
colloidal chitin as substrate. A is a Michaelis-Menten plot of chitinase hydrolysis of colloidal
chitin. B is a Lineweaver-Burk plot of chitinase hydrolysis of colloidal chitin.
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Figure 3.34 Kinetic analysis of purified chitinase from recombinant protein activity with pNP
(GIcNAC), as substrate. A is a Michaelis-Menten plot of chitinase hydrolysis of pNP(GIcNAC)s,
B is a Lineweaver-Burk plot of chitinase release of pNP from pNP-(GIcNAG),.
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Figure 3.35 Kinetic analysis of purified chitinase from recombinant protein activity with
chitotetraose as substrate. A is a Michaelis-Menten plot of chitinase hydrolysis of chitotetraose. B
is a Lineweaver-Burk plot of chitinase hydrolysis of chitotetraose.
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Table 3.12 Kinetic properties of recombinant chitinase fusion protein was tested activity
NNeNagNaxstetraacetylchitotetraose as substrate

[Chitotetraose] Specificactivity | 1/[Chitotetraose] 1/activity
(nM) (minol/min/mg) (M) (minols/min/mg)*
0 0 - -
05 0.415 2.000 2.410
10 0.637 1,000 1570
20 0.989 0.500 1.011
50 1.446 0.200 0.691
10.0 2,009 0.100 0.498
20.0 2.549 0.050 0.392
400 2.888 0.025 0.346
Table 3.13 Kinetic properties of recombinant chitinase fusion protein
Substrate K, ¥ Kt kKo,
(minol/min/mg) | (min”)
- Colloidal chitin | 7.60 mg dry weight 0.18 8.28 | 1.09 (mg dry weight
chitin/ml chitin/ml)™* min™
- PNP(GIcNAc), 48.78 mV 0.77 35.42 7.26x10°
M* min*
-(GlcNAc), 2,05 mM 2.07 95.22 46.44 % 10°
M* min™

The K, value of recombinant chitinase fusion protein with N,N¢NatNaxstetraacetyl-
chitotetraose was lower than p-nitrophenyl-N,N¢Nastriacetylchitotriose. This results indicated
purified leucaena chitinase binds to N Ne¢NasNastetraacetylchitotetraose better than
p-nitrophenyl-N,N¢Nastriacetylchitotriose.  The V,, value for N Ne¢Na;Nastetraacetyl-
chitotetraose was higher than p-nitrophenyl-N,N¢Nastriacetylchitotriose and colloidal chitin,
which indicated the chitinase hydrolyzed chitotetraose fastest. This may be because the chitinase
can hydrolyze chitotetraose to produce chitotriose and N-acetyl-D-glucosamine, and hydrolyze
chitotriose to produce chitobiose and N-acetyl-D-glucosamine but p-nitrophenyl-N,N¢Nae
triacetylchitotriose can detect only p-nitrophenol which was produced. Colloidal chitin had
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polyoligosaccharide and mixed form of insoluble and soluble substrate so chitinase hydrolyzed
colloidal chitin to produce soluble N-acetyl-D-glucosamine slower than chitotetraose and
p-nitrophenyl-N,N¢Nastriacetylchitotriose.

K, value of recombinant chitinase fusion protein with N NeNatNatetraacetyl-
chitotetraose was slightly lower than that published for the purified chitinase from barley
(Hordeum vulgare L.) of 3 M and k., value was higher than that of barley, 35 min™. K., value of
purified leucaena chitinase with colloidal chitin was slightly lower than that purified chitinase
from tomato (Lycopersicon esculentum) of 10.46 mg dry weight chitin/ml. Overall, this shows the
values obtained were similar to those from other plant chitinases.

3.15 Analysis of product reaction using HPLC

To analyze the cleavage specificities of the recombinant chitinase, colloidal chitin in 0.1M
acetate huffer pH 4.5 was used as substrate at 40°C for 0 min, 30 min, 1h, 2 h, 4 h, 8h, 16h, and
24 h. The hydrolysis products obtained from various times of incubation were separated by HPLC
ona CARBOSep CHO-411 oligosaccharide column. The primary mode of separation of higher
oligomers on this column is gel filtration, which separated according to size differences so the
large molecules leave the column first followed by the smaller molecules. Chitin oligomers were
quantified by UV absorbance at 210 nm. The oligosaccharide products obtained at 30 min that
could be identified on this column were 12.81% N-acetyl-D-glucosamine, 53.28% N Nediacetyl-
chitobiose, 27.41% N NeNastriacetylchitotriose, and 6.50% N,N¢NagNastetraacetylchitotetraose
(Figure 3.36). From the results, N,Nediacetylchitobiose and N NeNastriacetylchitotriose were
predominant after short incubation times. After 24 h, the products obtained were 25.77%
N-acetyl-D-glucosamine, 62.84% N,Nediacetylchitobiose, 11.24% N N¢Nastriacetylchitotriose,
0.15% N NeNesNasstetraacetylchitotetraose, N,Nediacetylchitobiose increased in quantity and
represented 62.84% of the hydrolysis products after incubation for 24 h. From these results,
N-acetyl-D-glucosamine and N Nediacetylchitobiose were predominant after long incubation
times may be because chitinase hydrolyzed chitotetraose to chitobiose and hydrolyzed chitotriose
to chitobiose and N-acetyl-D-glucosamine. These results are like those obtained with the class |
chitinase from tobacco, Nicotiana tabacum cv. Samsun (NN) as shown in Figure 3.37 (Brunner
et al,, 1998) because class | chitinases were most active on chitin and chitin oligomers as
substrate and they are both these are class I chitinases from plants.
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Figure 3.36 HPLC analysis of hydrolysis products released from colloidal chitin by leucaena
chitinase. A is the Chromatograph of a standard of 20 rd (0.1 mg/ml) chitotetraose, chitotriose,
chitobiose, and N-acetyl-D-glucosamine at retention times of 10.7, 12.3, 15.1, and 20.0 min,
respectively. B, C, D, E, F and G are products released at incubation time 0 min, 30 min, 2h, 5 h,
12h, and 24 h respectively.
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Figure 3.37 The comparison of hydrolysis products released from colloidal chitin between
leucaena chitinase and tobacco class I chitinase. A shows the products from leucaena chitinase
and B shows the products from tobacco class | chitinase (Brunner et al., 1998).
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3.16 Antifungal activity

To study antifungal activity, purified recombinant chitinase at concentrations of 0.5, 1, and
2 myfdisc, was tested in a disc inhibition assay with 14 fungal strains. Most of fungi were
inhibited by recombinant protein as seen in Figure 3.38. Purified recombinant chitinase inhibit
Collectotrichum sp. 1 and 2, and Pestalestiopsis sp. 1 at a concentration of 0.5 ng per disc
(Figure 3.38 D, E, and J); Anthanose collectotrichum, Fusarium sp. 1, Fusarium monoliforme,
Fusarium oxysporum, Pestalestiopsis sp. 2, 3, and 4 (Figure 3.38 A, G, H, I, K, L, and M) at a
concentraion of 1 per disc; Cercospora sp., Drechslera sp., and Sclerotium sp. (Figure 3.38 B,
F, and N) ata concentraion of 2 nf) per well, whereas Cladosporium sp. seem could not inhibited
at these levels (Figure 3.38 C). Cladosporium sp. may need a higher concentration of purified
recombinant chitinase than the 2 nq) level, or may not be inhibited by chitinase due to a lack of
appropriate chitin substrate in its cell wall (Roberts and Selitrennikoff 1988). These results
indicate the recombinant chitinase protein caused growth inhibition of several types of fungi,
likely those which have chitin in the cell wall.

To comparison of inhibition with other plant chitinase, purified chitinase from
L. leucocephala inhibited Fusarium moniliforme, Fusarium oxysporum at a concentration of
1.0 ng/disc which is better than chitinases from Arabidopsis thaliana, which inhibited at a
concentration of 8 ng/disc and sorghum seeds at 5 ng/disc level, respectively (Huynh 1991;
Krishnaveni et al., 1999). Purified chitinase from L. leucocephala inhibited Sclerotium sp. at
concentration 2.0 ) which is better than, that reported for Arabidopsis thaliana which inhibited
at concentration of 8 n/disc (Huynh 1991).

Some plant class | chitinases have also been reported to inhibit fungal growth, however, the
concentrations required for inhibitor were in the range of 1 to 10 ng, and more than 50 ng for
bacterial chitinases, and the range of 10-30 ng for fungal chitinases. The chitinase from
L. leucocephala has heen shown to exhibit antifungal activity by causing in vitro growth
inhibition of 13 strains fungal, it would be interesting to prove the overexpression of this gene in
transgenic plants such as rice and grape. It may substantiate its role in plant defense.

Chitinases against fungi containing chitin in cell wall which newly synthesized chitin fibres
inthe hyphal apex because apical growth in filamentous fungi, chitin and k-1,3-glucan fibres are
synthesized simultaneously in the apex of the growing hypha. But in the mature cell wall distant
from the apex, the polysaccharides are cross-linked to from mixed chitin-glucan fibres and may
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be overlaid by other polysaccharides and protein layers (Mikkelsen et al., 1992; Roberts and
Selitrennikoff 1988).

C: Cladosporiumsp. 1

D: Colletotrichum sp. 1

Figure 3.38 Antifungal activity of L.leucocephala chtitinase from recombinant protein against
14 strains of fungi. Number 1, 2, 3, and 4 are control (pET32a), 0.5, 1, 2 nf) per well of purified
recombinant protein, respectively.
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E: Colletotrichum sp. 2

—

G: Fusariumsp. 1 H: Fusarium monoliforme

Figure 3.38 (continued)
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|: Fusarium oxysporum J: Pestalestiopsis sp. 1

K: Pestalestiopsis sp. 2 L. Pestalestiopsis sp. 3

Figure 3.38 (continued)
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M: Pestalestiopsis sp. 4 N: Sclerotium sp.

Figure 3.38 (continued)

3.17 General discussion

3.17.1 Chitin-binding domain

The chitin-binding activity of many plant proteins residues is found in so-called hevein
domains, structural units that closely resemble hevein, the small chitin-binding latex protein from
the rubber tree (Hevea brasiliensis), with respect to their amino acid sequence and three-
dimensional structure (Van Damme et al., 1999). Hevein itself is a 43-amino acid polypeptide
containing eight Cys residues that are all involved in disulfice bridges that stabilize the protein
(Waljuno etal., 1975). Hevein is considered a lectin because it has carbohydrate-binding activity.
Evidence has accumulated that chitin-binding domains similar to hevein occur in various types of
plant proteins (Van Parijset al., 1991). Class | chtinases consist of an N-terminal hevein domain
linked through a short, variable Gly/Pro-rich hinge domain to a catalytically active chitinase
domain (Collinge et al., 1993; Beintema, 1994; Ponstein et al., 1994). Molecular cloning further
revealed that several chitin-binding merolectins and hololectins are derived from chimeric
precursors. For example, hevein is the final processing product of a large precursor consisting of a
signal peptide, a 43-residue sequence corresponding to mature hevein, and a large (144-residue)
C-terminal peptide (Broekaert et al., 1990). Leucaena chitinase is composed of a signal peptide,
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a 43-residue sequence homologous to mature hevein, a Gly/Pro-rich linker, and a large
(252-residue) C-terminal catalytic domain. So the CRD region in the leucaena chitinase may act
to bind chitin like hevein.

Most of the amino acid residues of hevein and wheat germ agglutinin (WGA) that are
involved in the binding of either N-acetylneuraminic acid or GICNAC are conserved in Sambucus
nigra hevein-like fruit protein (SN-HLPf) and correspond to 4 amino acid residues which occur in
the small chitin-binding antimicrobial polypeptides from Amarathus caudatus and in one of the
two hevein-like domains of UDA (Peumans et al., 1984: Beintema and Peumans, 1992; Martins
et al,, 1996). Chitin-binding proteins, conservation of these amino acid residues in WGA and
hevein, strongly suggests that they play a similar role in the hinding of GIcNAc and GlcNac-
containing glycoproteins. SN-HLPf exhibits chitin-binding activity but poor antifungal activity,
especially compared with the hevein-like protein from P. nil (Koo et al., 1998). These residues
conserved in leucaena chitinase which exhibited 73% identity with hevein. So they would play
role in the binding of the GICNAG residues in chitin.

The results of the modeling studies strongly suggest that Sambucus nigra hevein-like fruit
protein (SN-HLPf) exhibits the same overall fold as hevein and other chitin-binding lectins
possing hevein-like domains. Moreover, the extreme conservation of the Cys residues located
along the polypeptide chains, the conformational role of the resulting disulfide bonds in the
stabilization of the three-dimensional structure of the chains. This is especially true for b -stretch
consisting of two stands of antiparallel -sheet interconnected by a short turn, in which most of
the residues responsible for the specific binding of GIcNAc are located.

The function of chitin-inding domain in the chitinases is presumably to anchor the enzyme
tightly onto the substrate, thereby facilitating the hydrolytic process (Blaxter, 1996). The role of
the N-terminal Cys-rich domain of class I chitinases have been a matter of interest. The similarity
of this domain to hevein, a polypeptide from the latex of the rubber tree, and to each of the four
domains of the chitin-binding lectin WGA, first described by Lucas et al. (1985) for bean
chitinase, has suggested a role in the affinity of chitinase for its substrate. It was found that hevein
as well as UDA, a chitin-binding lectin built of two domains homologous to hevein, inhibit fungal
growth (Broekaert et al., 1989; Van Parijs et al,, 1991). This, and the lack of antifungal activity of
tobacco class 11 chitinases, which lack of N-terminal Cys-rich domain might be responsible for
antifungal activity of chitinase. However, the mechanism of inhibition was different for the



139

chitinases, which caused lysis of the hyphal tip, and hevein and UDA, which caused swelling of
the hyphae (Broekaert et al., 1989). The spectrum of affected fungi was also different for two
types of proteins. Iseli et al. (1993) investigated the role of the N-terminal Cys-rich, hevein
domain, in catalytic activity, chitin-binding, and antifungal activity by comparing a class |
chitinase and class Il chitinase. They summarized as followed: class II chitinase failed to bind to
the affinity matrix of regenerated chitin, demonstrating directly that the N-terminal domain acts as
the CBD. The specific hydrolytic activity of the two enzymes toward colloidal chitin was very
similar under normal assay conditions, showing that the basal catalytic activity is independent of
the chitin-binding properties. So these results showed that the CBD in class | chitinase has a
considerably higher affinity for chitin as a substrate than the catalytic domain of chitinases that
lack the CBD as in class II chitinases. Both class | and class I chitinases had antifungal activity
but class I1 chitinase was about three times lower than that of the class | chitinase. These results
suggested that the catalytic domain of class I chitinase was sufficient to inhibit fungal growth, but
that the CBD improved its antifungal activity, perhaps by attaching the enzyme to its substrate in
the fungal cell wall. The binding of leucaena chitinase to chitin during purification and its high
antifungal activity would thus suggest that the N-terminal CRD acts as a functional chitin-binding
domain.

3.17.2 Catalytic properties and amino acids that act as catalytic acid-base

The major function of endochitinases is depolymerization of the insoluble polymeric
substrate. Brameld and Goddard (1998) have examined the binding of a hexaGIcNAc substrate
and to a family 19 barley chitinase. They found the hexaGIcNAc substrate hinds with all sugars in
a chair confromation, unlike the family 18 chitinase which causes substrate distortion. Tight
binding of hexaGIcNAC substrate is achieved through well defined hydrogen bonds which are
constant during the simulations. Figure 1.9 shows a schematic of these interactions and highlights
residues that are conserved strongly in family 19 chitinases. The N-acetyl amide of sugar A
donates a hydrogen bond to the side chain of GIn 162, and O3 accepts a hydrogen bond from
Trp 103. HO3 and HOG' of sugar B donate hydrogen honds to the backbane carbonyls of Tyr
123 and Asn 124, respectively. In addition, the N-acetyl carbonyl forms a hydrogen bond with the
charged side chain of Lys 165. The N-acetyl amide of sugar C donates a hydrogen bond to the
backbone carbonyl of Ile 198, and the carbonyl of the N-acetyl group accepts a hydrogen bond
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from the backbone amide of Ser 120. Asn 124 also forms a hydrogen bond to O3 of sugar C.
Two critical hydrogen-bonding interactions are observed for sugar D. The first is between Asn
199 and the N-acetyl carbonyl, which serves to constrain the N-acetyl geometry. The second
hydrogen bond is transiently formed between the protonated Glu 67 and 05, 06" or 01’ .
Sugar residues E and F make the fewest specific contacts. HO6" of sugar E donates a hydrogen
bond to amide of Arg 215. Sugar F forms only one hydrogen bond between 06’ and the side
chain of Thr 69. Hart et al. (1995) suggested tetraGIcCNAC substrate binding causes the molecule
to undergo a conformational change incompatible with maintenance of crystal contacts since
crystals dissolved when tetraGIcNAc was added. The crystals could reform in the native
conformation upon cleavage of tetraGIcNAc to disaccharide, which remains unbound. Since
leucaena chitinase has identical amino acids at all of these interacting positions, except Trp 103
which is substituted with the similar polar aromatic amino acid tyrosine, it would be expected to
bind chitin substrate in a similar manner.

Leucaena chitinase was compared amino acid sequence with mature hevein (Chrispeel and
Raukhel, 1991), barley class 11 chitinase (Andersen et al., 1997), and chestnut class | chitinase
(Gareia-Casado et al., 1998), revealed the simifarity between the catalytic domains (Figure 3.39).
The barley enzyme is the member of family 19 glycosyl hydrolases for which cystallographic data
are available. On the basis of its x-ray structure and alignment of figure 3.39, a model was
constructed for the catalytic domain of leucaena chitinase (residues 51-302, Figure 3.39). Barley
class 11 chitinase has its catalytic acid at Glu 67 and its catalytic hase at Glu 89, chestnut class |
chitinase has catalytic acid at Glu 124 and catalytic base at Glu 146 which are the same positions
in the multiple sequence alignment (bold alphabet). Based on these conserved positions in the
sequence alignment then catalytic acid-hase of leucaena chitinase are likely to be at Glu 118 and
Glu 140, as shown in the figure 3.39,

Gareia-Casado et al. (1998) studied the structure-activity analysis using a class | enzyme
from chestnut (Castanea sativa Mill.) seeds as their model (Collada et al., 1992; Allona et al.,
1996). Site-directed mutagenesis was performed to identify residues involved in chitin hydrolysis.
Glu 124 and Glu 146, then only carboxylic residues properly located into the active site cleft to
participate in catalysis, were both mutated to GIn and Asp. These results suggest that Glu 124
function as the general acid catalyst whereas Glu 146 is likely to act as a general base. Other
mutations involving three highly conserved active site residues, GIn 173, Thr 175, and Asn 254
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(shown by asterisks in Figure 3.39), also impaired the chitinolytic activity of chestnut class |
chitinase. These three mutagenesis positions for chitin-binding chitinase are the same amino acids
at 2 of 3 residues as those that Brameld and Doddard (1998) said were important for chitin
binding in barley which included H 66, T 69, W 103, $120, Y 123, N124, Q162, K165, N199,
and R215 as shown in Figure 3.39. Mutations of three other residues, GIn173, Thrl75, and Asn
254, impaired the chitinolytic activity of chestnut class I chitinase. The effects of these variants
on the fungus Trichoderma virice revealed that catalysis is not necessary for antifungal activity.
Similar to its homologous nonenzymatic polypeptides hevein and stinging nettle lectin, the N-
terminal chitin-binding domain of chestnut appears to interfere itself with hyphal growth.

Hevei n 1: EQCGRQAGGKL CPNNL CCSQABNCGSTDEYCSPDHNCQSN CKD- - = = = = = == = = = = - - - 43
Bar | ey R T e LT TR SVS 3
Chest nut 1: EQCGRQAGGAACANNL CCSQFGNCGNTAEYCGAGCQSQCSSPTTTTSSPTASSGEEEDVG 60
Leucaena 4-3.4 1. EQCGRQAGGAL CPGRL CCSQFGNCGSTNDY CGPGCQBQOGEESGEPEP- AP—PSGELT---- 54
Hevein Y 3 I Ik . Th T e 43
Bar | ey 4: SI VSRAQFDRM. L HRNDGACQAKGFYTYDAFVAAAAAFPGFGT TGSADAQKREVAAFLAQ 63
Chest nut 61: SLI SASLFDQVL KYRNDPRCKSNGFYTYNAFI AAARSFNGFGT TGDVTTRKRELAAFLAQ 120

Leucaena 4-3.4 55: G | SRDTENQVLKHRNDAACPANGFYTYDAFI LAAKSFPAFGSTGDDATRKREVAAFLGQ 114

Hevein e T R 43
Bar | ey 64: TSHETTGOMTAPDGAFAWGY CFKERGASSDYCTPSAQANPCAPGKRYYGRGPI QLSHNY 123
Chest nut 121: TSHETTGOMTAPDGPYAWGY CFVMENNKQT - YCT- SKSWPCVFCKQYYCRGPI QLTHNY 178
Leucaena 4-3.4 115: TSHETTGOAPSAPDGPYAWGY CFK(ERNPPSAYCQPSSQYPCAPCKQYYCRGPMQLSWNY 174
* * *  *

Ho6T TT69 T W03 3120T TY123
Hevein R R T T 43
Bar |l ey 124: NYGPAGRAI GVDLLANPDL VATDATVGFKTAI WAWWTAQPPKPSSHAVI AGQWSPSGADR 183
Chest nut 179: NYGQAGKAI GADLI NNPDLVATNPTI SFKTAI WWWWTPQANKPSSHDVI | GNWRPSAADT 238
Leucaena 4-3.4 175: NYGQCGRAI GADLLNSPDLVASDAVI SFKTALWFW/TAQSPKPSCHDVI TGCRWTPSGADT 234

T N124 QltazT T K165
Hevei n L R R R R R T TP T 43
Bar | ey 184: AAGRVPGFGVI TNI I NGE ECGHGQDSRVADRI GFYKRYCDI LGVGYGNNLDCYSQRPFA 243
Chest nut 239: SAGRVPSYGVI TNI | N- GLECGHGSDDRVANRI GFYKRYCDTLGVSYGNNLDCYNCQKPFA 297
Leucaena 4-3.4 235: AAGRLPGYGITTN | NGELECGRGQDARVADRI GFFKRYCDI LRVGYGSNLDCYSQRPFG 294
*
1 19811 N199 TRe15

Hevein 44: - ------- 43
Bar | ey 244 -------- 243
Chest nut 298:-------- 297
Leucaena 4-3.4 295: SSSLI DVL 302

Figure 3.39 Comparison of the amino acid sequences of chitinase from mature hevein (43 aa),
barley class I chitinase (243 aa), chestnut class | chitinase (297 aa), and leucaena chitinase
(302 aa). Bolds are amino acids catalytic residues, asterisks are mutagenesis residues, and arrows
show chitin-binding resicues.
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3.17.3 Assay of chitin hydrolysis

Brunner et al. (1998) showed that chitinases activities decreased with shorter oligomers as
substrates hut the rates of hydrolysis of chito-oligomers of given chain length were found to be
strikingly variable. The half-life of an oligomer would vary considerably depending both on the
type of chitinase it faced and on the length of the GICNAC chain.

Chitinase recognizes only GICNAc residues in chitin and chitosan. The hydrolysis rate by
chitinase increases with increased degree of acetylation (Aiba 1994). GIcNAc can be determined
by a color reaction with the p-dimetylaminobenzaldehyde, DMAB oller et al., 1983). If
chitooligosaccharides are released rather than N-acetylglucosamine, they can be digested by
N-acetyl- b-glucosaminidase to give N-acetyl-D-glucosamine. By comparing the amount of
N-acetyl-D-glucosamine released in the presence or absence of addition N-acetyl-br
glucosaminidase, some idea of the relative activity of N-acetyl-b-glucosaminidase versus
chitobiosidase or endochitinase can be obtained. However, Domard and Vasseur (1991) showed
that the colorimetric method was not specific for quantification of N-acetyl-D-glucosamine. The
assay s more sensitive to monomers, but it recognizes all soluble N-acetyl-D-glucosamine
oligomers; therefore caution should be used when interpreting results of assays using this method.

3.17.4 The usage of leucaena chitinase

Leucaena chitinase was shown to have high antifungal activity and to rapidly hydrolyze
chitin forms compared with other plant endochitinases. It may be a good candidate for the
biological control of plant pathogenic fungi, and may also be useful in degradation of chitin-
containing waste, such as shrimp and crab shells to produce shorter chitin and chitosan chains,
oligosaccharides and GICNAc. Many papers and reviews have discussed the advantages of using
chitinases for plant protection hecause these enzymes are fungicidal, part of plant defense system,
and nontoxic to plants, animals, and higher vertebrates. Transgenic expression in plant of
chitinase genes has been shown to improve disease resistance in various crops, and patents have
been issued on related methods (Lorito et al., 1998). A few reports concerning transgenic plants
with elevated expression levels of chitinase have been published recently. Transgenic tobacco and
rape plants containing a bean chitinase gene with a constitutive promoter have been shown to
exhibit higher basal levels of chitinase and concomitant increased resistance to Rhizoctonia solani
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when compared with control plants Broglie et al., 1991). Oilseed rape (Brassica napus var.
oleifera) containing a tomato chitinase gene with a constitutive promoter exhibited an increased
tolerance to disease as compared with the nontransgenic parental plants (Grison et al., 1996).
Japonica rice cultivars, Nipponbare and Koshihikari transformed with chitinase from rice (Oryza
sativa L.) with a constitution promoter exhibited an 12-fold increased tolerance to rice blast
pathogen (Magnaporth grisea race 007.0) over control (Nishizawa et al., 1999). Since leucaena
chitinase displayed relatively high activity against several strains of phytopathogenic fungi, future
studies may include expression of this chitinase in transgenic rice and other crops.



Chapter IV
Conclusions

Chitinase cCDNA from Leucaena leucocephala were cloned, and the mRNA and derived
protein sequences were determined. The full coding sequence was completed by Nested PCR,
3CRACE, cDNA library screening, and SCRACE. Two closely related chitinases cCDNA were
composed of 1064 (clone 5/3.1) and 1075 (clone 4/3.4) base pairs of cDNA sequence, which
translated to 323 and 326 amino acid proteins, respectively. The derived protein sequences of the
two clones exhibit >95% sequence identity and code for 326 and 323 amino acid chitinase
precursors. The deduced amino acid composition of the predicted mature form of leucaena
chitinases was high in aspartic acid + asparagine , glycine, cysteine, and proline with 31, 41, 18,
23 for clone 5/3.1 and 33, 42, 17, 23 4/3.4 for clone 4/3.4, respectively. This amino acid
composition closely resembles amino acid compositions of potato Solanum tuberosum) and
tobacco (Nicotiana tabacum) class | chitinases. The sequences were closely related to plants class
| chitinases with 74% identity to that from kidney bean, Phaseolus vulgaris (AC: AAB41324). By
homology they have a prepeptide, cysteing-rich (chitin-binding) domain, a glycine/proling-rich
hinge linker, and a catalytic domain. Precursor proteins have predicted molecular weights of
34.39 and 34.91 kDa and pl of 7.87 and 7.55 for clone 5/3.1 and clone 4/3.4 respectively. The
predicted pl of the predicted mature proteins of clone 5/3.1 and clone 4/3.4 were 7.15 and 7.53
and predicted molecular weights were 31.87 and 32.21 kDa.

Active chitinase without prepeptide (clone 4/3.4) from L. leucocephala was expressed in T7
expression systems in BL21 (DE3) and Origami (DE3) E.coli from the cloned cDNA using the
expression vectors pET23d and pET32a, respectively. Optimum conditions for expression in
E.coli were 15°C, 5 hat 0.3 mM concentration of inducing IPTG for pET23d, and 15°C, 12 h at
0.1mM IPTG for pET32a. The expressed protein from pET23d in BL21 (DE3) had an apparent
MW of approximately 32 kDa on SDS-PAGE, which was present in both insoluble inclusion
bodies and the soluble fractions, but most was in inclusion bodies. A thioredoxin-chitinase fusion
protein was expressed in redox-deficient Origami (DE3) E.coli from the cloned cDNA in pET32a.
It had an apparent MW of approximately 46 kDa on SDS-PAGE, was mostly soluble and had
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higher activity than chitinase expressed in redox-competent bacteria. Purified recombinant protein
that was cleaved with enterokinase, was active and had an apparent MW of approximately 32 kDa
on SDS-PAGE. The purification of cleaved recombinant chitinase obtained 5.6 fold purification
and 55.69% yield, compared to crude E. coli extract.

Complete purification of chitinase from L. leucocephala seedlings was obtained in 3 steps,
including extraction of crude enzyme, 70% ammonium sulfate precipitation, and affinity
chromatography on chitin. The purified chitinase was obtained with 26.7 fold purification and
15.9% yield. Purification of chitinase from expression in E. coli using pET32a had highest
specific activity of 0.1119 Ulmg, 1.6 fold higher than chitinase purified from seedlings.

Characterization of purified chitinase from germinated seeds and purified cleaved
recombinant chitinase both had molecular weights of about 32 kDa and pl around 7.5-7.6 which
is close to the calculated molecular weight from the deduced amino acid sequence of the
predicted mature protein of 32.21 kDa and the calculated pl of 7.53. The optimum pH of 4.5 and
optimum temperature of 55°C in a 10 min assay, was the same for both the chitinase purified
from seedlings and purified recombinant enzyme from expression in Origami (DE3) E. coli using
the expression vector pET32a. Chitinase from seedlings and expression in Origami E. coli had
higher activity on colloidal chitin (0.074 and 0.098 U/myg, respectively) compared to other chitin
forms. Purified chitinase from both seedlings and from expression in Origami (DE3) E. coli had
activity on p-nitrophenyl-N NG\ dtriacetylchitotriose of 0,018 and 0.023 U/mg, respectively, but
almost zero in p-nitrophenyl-N,NGdiacetylchitobiose and p-nitrophenyl-N-acetyl-D-glucosamine.
These results indicated purified chitinase from L. leucocephala acts like an endochitinase.

Kinetic studies of purified recombinant chitinase expressed in Origamin (DE3) E. coli
determined a K, and k., of 7.60 mg dry weight chitin/ml and 8.28 min™ with colloidal chitin,
48.78 M and 35.42 min™ with p-nitrophenyl-N,NGNGStriacetylchitotriose, 2.05 M and
95.22 min' with N,NGNGGN dibtetraacetylchitotetraose, respectively. Chitinase products specifies
analyzed using HPLC obtained 12.8% N-acetyl-D-glucosaming, 53.3% N,NGdiacetylchitohiose,
27.4% NNGN@triacetylchitotriose, and 6.5% N,NENAINGKbtetraacetylchitotetraose at an

incubation time of 30 min. N,NGdiacetylchitobiose and N,NGN@Gtriacetylchitotriose were
predominant, after short incubation times. After prolonged incubation times (to 24 h), the

products obtained were 25.8% N-acetyl-D-glucosamine, 62.8% N,NGdiacetylchitobiose, 11.2%
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NNGNdtriacetylchitotriose, and 0.15% NNGNGENdGtetraacetylchitotetraose. These results
were similar to those from class I chitinase from tobacco, Nicotiana tabacum cv. Samsun (NN).

Purified recombinant chitinase inhibited Collectotrichum sp. 1, and 2, and Pestalestiopsis
sp. 1 at a concentration of 0.5 ng/disc; Anthanose collectotrichum, Fusarium sp. 1, Fusarium
monoliforme, Fusarium oxysporum, Pestalestiopsis sp. 2, 3, and 4 at a concentraion of 1 nf) per
disc; Cercospora sp., Drechslera sp., and Sclerotium sp. at a concentraion of 2 nf per well,
whereas Cladosporium sp. was not inhibited at these levels.
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Appendix A

1. pGEM-T Vector

The pGEM-T vector is convenient system for the cloning of PCR products. The vector is
prepared by cutting Promega’s pGEM-5Zf(+) vector with EcoR V and adding a 3’ terminal
thymidine to the end.
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2.pT7Blue T-Vector

The pT7Blue T-vector contains the pUC19 backbone (including high-copy number origin
of replication and lac sequence), a T7 promoter, f1 origin of replication, and modified multiple
cloning region. The multiple cloning region contains an EcoR V site used for T-cloning flanked
by an Nde | site, which allows insert to be conveniently subcloned into the Nde | site of many
PET vectors.
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3.pUC19 Vector

The pUC19 vector is a commonly used plasmid cloning vector in E. coli. The molecule is
double-stranded circle, 2686 base pairs in length, and has a high copy number. pUCL9 carries a
54 hase-pair multiple cloning site polylinker that contains unique sites for 13 different
hexanucleotide-specific restriction endonucleases. The molecular weight of pUCL9 is 1.75x10°
daltons.
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4. pET-23d(+) Vector

The pET-23d(+) vector carry an N-terminal T7+Tag sequence plus an optional C-terminal
HiseTag sequence. The cloning/expression region of the coding strand transcribed by T7 RNA
polymerase is shown below. The f1 origin is oriented so that infection with helper phage will
produce virions containing single-stranded DNA that corresponds to the coding strand. Therefore,
single-stranded sequencing should be performed using the T7 terminator primer.
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b.pET-32a(+) Vector

The pET-32a(+) vector is designed for cloning and high-level expression of peptide
sequences fused with the 109 amino acids of thioredoxin protein (Trx- Tag). Cloning sites are
available for producing fusion proteins also containing cleavable His;- Tag and S. Tag sequences
for detection and purification. The sequence is numbered by the pBR322 convention, so the T7
expression region is reserved on the circle map. The cloning/expression region of the coding
strand transcribed by T7 RNA polymerase is shown below.

Ava |(158)
Xho 1(158)
Eag I(166)

Not l(166)
Hind 111(173)
Sal I(179)
Bpu1102 I(80) §2§FI§1|91°$2)
BamH l(198)
EcoR V(206)
Nco I(212)

Bgl ll241)
Kpn 1(238)
268)

Dra llls658)
Msc F351
Rsr ll(589)

Xba 1(729)

Sca l(4995) SgrA liga0)

Sph l(g96)
EcoN I(1056)

Pvu l4885)

Pst 14760)
ApaB I(1205)
Bsa l(4576)

Eam1105 1(4357)
Miu l(1521)

pET-32a(+)

(5900bp) Bcl I(1535)
BstE ll(1702)
Bmg I(1730)
AlwN I(4038) Apa [(1732)
% BssH ll(1932)
(?6‘ Hpa l(2027)

&%
BspLU11 I(3622)
Sap I(3506)
Bst1107 1(3393)
Tth111 1(3367) Psp5 lize28)
BspG 1(3148)

PshA 1(2366)

7 » lac op Xbal _tbs
TAATACGACTCACTA\#GbGGAATTGTGAGCGGA AACAATTCCCLTCTAGAAATAAT TTTGTTTAACTTTAAGAAGGABA
Trx<Tag Msc | His+Tag
TATACATATGAGC .. .318bp .. .CTGGCCGGTTCTRGTTCTEECCATATGCACCATCATCATCATCATTCTTCTGRTCTEGETGCCATGCERTTCT
MetSer 105aa. . LeudlaG|ySerB|ySerGlyHisMetHisHIsHisH sH\sH\sberbprﬁ\yLeuVu\ProArgG\ Ser
———————————— P Tag pnmer#{i —I_L
S+Tag gsgv Bgl thrombin
GGTATGAAAGAAACCGCTGCTGCTAAATTCBAACGCCAGCAEATGGACAGCCCAGATETGGGTACCGRCGACGACGALAAG
GlyMetlLysQluThrA | ol | GhldlysPheG | uArg6 nHi %MatA‘;p‘%erPraA:pl eyl Iy ThrAspAspAspAspl yq
PET-32a(+) Eagl
Neo|  EcoRYV BamH| EcoR| Sac|l Sall Hind Il Not! Xhal His«Tag
GCCATGGCTGATATCGGATCCGAATTCEGAGCTCCGTCGACAAGCTTGCEECCBLACTCGABCACCACCACCACCACCACTGAGATCCRGCTELTAA
AlaMeth|aksp! |e6lySerG|uPhet luleuArghraGinAlalyst | yArgThrArgh | aProProProfroProleulrgSert|yCysEnd

GCCATGGCGATATCGGATCCGAATTEGABC TCCRTCEACAAGCT TRCGBLCGTACTCLAGEACCALCALCACCACCACTGAGATCCBGUTGETAR  pET-32b(+)
AlaMetAlal |eSeraspProAsnSererServal AsplysleuA | GAIaA laLeuG luHisHisHisHisHi sHisERd

GCCATGGGATATCTGTBGATCCBAATTCBAGCTCCGTCEACAARCTTRCGECLGCACTCBAGCACCACLACCACCACCACTGABATCCGGCTRCTAA PET-82¢(+)
AlaMets | yTyrleuTrpl | eArgl leArgh| oProSerThréerLeuArgProH i sSer§erThrThr ThrTheThrThré lul lehArgleuleuThr
— o B2 T term ‘
CAAAGCCCGARAGGAAGLTEAGTTGBCTECTGCLACCGCTGAGCAATAACTAGCATAACCCCTTGEGEECTCTAAACGGRTCTTEAGBRGTTTTTTE
LysProGl uArglysleuSer TrpLeul suProP rol euSerAsnAsnEnd

T7 terminator primer #693837-3

PET-32a(+) cloning/expression region




Appendix B

SEQ 1 1: AATTOGOGGCOGCT CTACT GBGACCGGAGACAACAAACCCAAT TTGGAGAAGCAGCAAAT 60
SEQ 2 o 0

SEQ 6 e 0 |
SEQ 8 e 0

SEQ 9 e 0

SEQ 3 Ti------s-s-i-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii-oo- 0

SEQ 4 L m ot m i iiiiiiiioo. 0 Il
0 L e 0

SEQ5 Sy ey Y | gy gy g 0

SEQ 7 L . 0 Il
SEQ D L - 0

SEQE T L T 0

SEQA TR - 0

SEQC T Y
SEQJ T T 0

SEQ 2 Limemmememee---- BN @ BB . 0
SEQ 6 T N . g 0 |
SEQ 8 Limemmmmemee-- AT B BQ ... 0

SEQ 9 I Ay T N . 0

SEQ 3 [ EFRNNN S R _ A - = 0

SEQ 4 T | 0 Il
SEQ L0 Ll - s s m o m e e ioioiioooaoaoaoao- 0

SEQ 5 R SRR . . SRR ey 0

SEQ 7 L R T S 0 Il
SEQ D R R . ey 0

SEQE L-------- B _JFNENPSL R S A ... 0

SEQ A [EETPFPIS oo R coo VR \I/ SRS o ¥ Ny Sy 0

SEQC 1------ 9, A RN ey § N ... ... .. 0 1V
SEQJ 1--- -l - QO Wenea®lf - - QN --------c-aon-- 0

SEQ1  121: TTATCOCCCAAACTCTTGTATGAGTTTATATGCCACCTGTACCTGGT TATCAACAATACC 180

SEQ 2 Lign------ Sy O A N B RS .y, . ... ... 0

SEQ 6 102, .. UG R R R R V) __________ 0 |
SEQ 8 1 -y TR Y 0

SEQ 9 - P - A 0

SEQ 3 1 - I Prer -~ o - ZNEAD - 0

SEQ 4 Lo I D1 I ADY S 0 Il
SEQ10  1:--------------SACIRRAFIRMRSE ... 0

SEQ 5 Tio-----s-s-s-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioioio- 0

SEQ 7 Ll o m e il 0 Il
SEQ D e 0

SEQE Ll o mm i m e eaoioioioeoiiioaoaoioo- 0

SEQA Timooococosoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioioiod 0

SEQC L m ot m i iiiiiiiioo. 0 1V
SEQJ Ll =t it iiioioioiooioaoioioao- 0

Multiple alignment of nucleotide sequences from screening the L. leucocephala shoots library.
They were separated 4 groups; group 1, clones 1; group 2, clones 3, 4, and 10; group 3 ,clones 2,
5,6,7,8,9,and D; and group 4 clones A, C, and J.
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SEQ1  181: CACCACCATACAACCATGGGATGECTTCATCTCAGOCACT GGCTGACCAGOCATATCAGE 240
SEQ 2 e 0
SEQ 6 e 0
SEQ 8 e 0
SEQ 9 Ll = o m o m e e e eeeeaoaoaoaoao- 0
SEQ 3 Tioo----s-s-i-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioioio- 0
SEQ 4 e 0
o e 0
SEQ5 e 0
SEQ 7 e 0
SEQ D e 0
SEQE Ll oot m e iiiiiioiioaoioioao- 0
SEQA g 0
SEQC e 0
SEQJ Ll o o m o m e e e eeeaoaoaoaoo- 0
SEQ1  241: AATCCATGCAGOCGGGT TOGT CTGCTOOCT CAGGGT CTGCACCAACAGGTTCAGGACCAG 300
SEQ 2 - 0
SEQ 6 T 1 0
SEQ 8 1 0
SEQ 9 T & B ¢ . 0
SEQ 3 SR [ JN K - ey ey ey 0
SEQ 4 T 0
SEQ 10 Ll - mmm o m o m e eeee-aoaoaoao- 0
SEQ 5 T - TGOCOOGGT TGOCAGAGOCAG 21
SEQ 7 T 0
SEQ D L I T o 0
SEQE R B T 0
SEQ A T-------------15-1-- . CTCTTACGTGTGCTGGTGIGGT TCATAGTGGGA 33
SEQC IR § Ay TTACGTGTGCTGGTGTGGTTCATAGTGGGA 30
SEQJ e 0
SEQ1  301: CTGGTGGTTCTGCACCT GOGGAAGOCGGAACAT CAACCT AGGOCT CACAGCAGCAGTGAA 360
SEQ 2 T 0
SEQ 6 R < n Y Y . o, 0
SEQ 8 1o - PN N - gy - - 0
SEQ 9 1------e -BET R WY FTRR g ... 0
SEQ 3 1---- P QI LAY - 0
SEQ 4 1: - - - GBOGGAAGT GEOCCAGBOOCAGOCOCT COCT COGGT GBOCT CACCGRCATCATCTCC 57
SEQ10 1i----- - Al g - - - o mm®” . LT - oo 0
SEQ5  22: TGTAGG ----- GGCAGCGEOCCAGOCOCT COCT OCGGT GBOCT CGCCAGCATCATCTCC 75
SEQ 7 1i---------TACVANE RO R S GNES SRR SERWMAWAY_ ... 0
SEQ D Rt 1 1 1 | 1 | )\ o 0
SEQE 1% . VRPN - - - L. 0
SEQA  34: AGCAAATGCAACGGT GGTOOOGGTAGOOCT TCOGOOGGT GGTATCAGCGGCATCATCTCC 93
SEQC  31: AGCAAATGCAACGGT GGTOCOGGTAGCOCT TOOGOCGGT GGTATCAGOGGCATCATCTCC 90
SEQJ 1----- P e e e GGTCGGCCTCACOGGCATCATCTCC 24
SEQ1  361: ATCTCTCATGTGCTGATGTTTCATCTTCTATGCTTTATTCTAGCTAGTGGTCATACTGAT 420
SEQ 2 e 0
SEQ 6 Ll m e 0
SEQ 8 e 0
SEQ 9 Ll = o m o m e e e eeeeaoaoaoaoao- 0
SEQ 3 Tioo----s-s-i-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioioio- 0
SEQ4  58: AGGGACACCTTCAACCAGATGCTCAAGCACOGCAACGACGOOGOCT GCOCGROCAATGGT 117
S 0 K e 0
SEQ5  76: AGGGACACCT TCAATCAGATGCT CAAGCACCGCAACGACGOOGOCT GUOOGAOCAATGAC 135
SEQ 7 L = m o m il 0
SEQD e 0
SEQE Ll oot m e iiiiiioiioaoioioao- 0
SEQ A  94: AGOGACACCT TCAACCAGAT GCTCAAGCACCGCAACGACAGT GCT TGOOCAGOCAGAGEC 153
SEQC  91: AGCGACACCTTCAACCAGAT GCTCAAGCACCGCAACGACT GTGCTTGCOCAGOCAGAGES 150
SEQJ  25: AGGGACACCT TCAACCAGAT GCTCAAGCACOGCAACGACGOCGOCT GOCOGGCCAATGGT 84

Y

(Y%

(Continued)
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SEQ 1  421: AGGAAATTTGITATACTCCTTCTAGCAGICAGI TTTGI GTCACAAGI TCTCAAGCACGGT 480

SEQ 2 L oo el 0
SEQ 6 L o o el 0 |
SEQ 8 L oo el 0
SEQ 9 L @ o e e e .. 0
SEQ3 Timmmmsomiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioiooa- 0

SEQ4  118: TTCTACACCTACGACGOCTTCATTCTGROOGOCAAGT CTTTOOCOGOCTTOGGCAGCACT 177 1
SEQ10 1

SEQ5  136: TTCTACACCTACGATGCT T TCAT TCAGGEOGGOCAAT TCT TACOCT GOCT TOGGCAGCACC 195
SEQ 7 L = m o m il 0 1l
SEQ D e 0

SEQ A 154; TTCTTCACCTACGATACCT TCAT TCAAGCCGCCAAGT CTTTCOCGECTTTTGECACCACC 213
SEQ C  151: TTCTTCACCTACGATACCTTCATTCAAGOOGCCAAGTCTTTCOOGGCTTTTGECACCACC 210 1V
SEQ-J 85: TTCTACACCTACGACGCCTTCATTCTGEOCGOCAAGT CTTTCCOCGOCTTOGECAGCACC 144

SEQ1  481: ACACTGATACGCCATGIGEGECTTGTGGECTTAAACCAGATGI TTGTGATTTAATATTCTGC 540

SEQ 2 R 0
SEQ 6 L w e ol 0 |
SEQ 8 Livocceccceeeee g W R . 0

SEQ 9 Tooooooeoo . W ___ 0

SEQ 3 (P ————— R AGCTTTOCTOGGCCAAACT TCACACGAG 28
SEQ4  178: GBOGATGATGOCACGOGCAAGAGGGAGGT CGCAGCT TTCCTOGEACAAACTTCACACGAG 237 1
e 1 0

SEQ-5 196:. GGTGAT GCCGCCACGOGCAAGAGGEGAGGT GGCAGCT TTCCTCGECCAAACT TCGCACGAG 255

SEQ 7 T . 0 Il
SEQ D A L o 0
SEQE T B T 0

SEQ A 214: GECGATGI TGCCACCCGCAAGAGEGAGATCECAGCCT TCCTAGECCAAACT TCCCACGAG 273
SEQ C  211: GECGATGITGCCACGOGCAAGAGCGAGATCGCAGCCTTCCTAGECCAAACTTCCCACGAG 270 1V
SEQ-J 145: GEOGAT GATGCCACCCGCAAGAGEGAGGT CECAGCT TTCCTCCEECAAACT TCACACGAG 204

SEQ1  541: ATTGATTTGGTATCAGGTAGITTGGAAGACGGT CCT TACGOCTGEEGT TACTGCTTCAAA 600

SEQ 2 LR PP P GACGGTCCTTACGOCTGGGGT TACTGCTTCAAA 33
SEQ 6 Rt S . BTV a iV CCTTACGOCTGGGGT TACTGCTTTAAG 27
SEQ 8 1o - PN NI - gy - - 0
SEQ 9 1------e BT R WY TR g ... 0

SEQ3  29: ACCACOGGCGGT TGEOOCAGOGCT COCGACGETCCT TACGOCTGEGGT TACTGCT TCAAA 88
SEQ4  238: ACCACOGGOGGT TGGCOCAGOGRCT COCGACGGTCCT TACGOCTGREGT TACTGCTTCAAA 297 |
SEQ10 1i----- - Al g - - - o - . L D - - 0

SEQ5  256: ACCACAGEOGGT TGGCOCAGOGCT OOCGACGGTCCET TACGECTGRGET TACTGCT TCAAA 315

SEQ 7 1------- AR NN N A S A & CCTTACGOCTGEEGT TACTGCTTCAAA 27 111
SEQ D Rotnree’ 7 1 1 | 1 | ' 'y fommmm——m 0

SEQE 1% A RPN . . . Y ... 0

SEQA  274: ACAACOGGOGGT TGACCAGOGCT OCCGAT GBT OCT TACGCAT GBGEC TACTGCTTCAAC 333
SEQC  271: ACAACCRRREGGT TERACAAGCGCT COCGAT GGTCCT TACGCATGBEECTACTGCTTCAAC 330 1V
SEQJ  205: ACCACOBGOGGT TGROCCAGORCT OOCGACGBT COT TACGCATGERGECTACTGCT TCAAC 264

SEQ1  601: CAAGAACCGAACCCACCAAGOGCTTACTGI CAACCCAGCT COCAATATCCATGIGCT COC 660
SEQ 2 34: CAAGAACCGAACCCACCAAGOCCTTACTGT CAACCCAGCT CCCAATATCCATGTGCT CCC 93
SEQ 6 28: CAAGAACCGAACCOCCCAAGOCGCTTACTGCCAACCCAGCT OOCAATATCCATGIGCT CCG 87

SEQ 8 L m o m ot iiiieiiioioiooos 0
SEQ 9 - 0

SEQ 3 89; CACGAAGEGAACCCATCAAGOGCT TACT GT CAACOCAGET OCCAATATCCATGCACT CCA 148

SEQ 4  298: CACGAACCGAACOCACCAAGCGCTTACTGI CAACCCAGCT COCAATATOCATGCGCT CCA 357 1
SEQI0 1i---------------- oo oo oo --- ettt tedettltalll

SEQ5  316: CACGAACCGAACOCACCAAGCGCT TACTGT CAACCCAGCT COCAATATCCATGIGCT COC 375

SEQ 7 28: COGGAACCGAACCCACCAAGCGCTTACTGT CAACCCAGCT COCAATATCCATGIGCT CCC 87 I |

SEQD g 0
SEQE L = o ol 0

SEQ A 334: AACGAACAGAACCCAAC- - - TAATTACTGT CACCOCAGCCCCCAATATCCATGIGCT TOC 390
SEQ C  331: AACGAACAGAACCCAAG - - TAATTACTGT GACOCAAGCCOOCAATATCCATGTGCTTCC 387 |V
SEQJ  265: AACGAACAGAACCCAAG - - TAATTACTGT CACOCAAGOCOOCAATATCCATGTGCT TCC 321

(Continued)
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SEQ1
SEQ 2
SEQ 6
SEQ 8
SEQ9
SEQ 3

661: GGCAAGCAATACTATGECCEOCGACCCATGCAACT CTCCTGGAACTACAACTACGGACAG 720
94: GECAAGCAATACTAT GEBCCGOGGACCCAT GCAACT CTCCTGEAACTACAACTACGGACAG 153
88 GGCAAACAATACT AT GBCCGOGGACCCATGCAACT TTOCTGGAACTACAACTACGGACAA 147

1: ------------------------------------------------------------ 0
149: GBCAAGCAATACTATGECCGBCGEGACCCATGCAACT CTCCTGGAACTACAACTACGGACAG 208
358: GEGCAAGCAATACT AT GEBCCECGEGACCCAT GCAACT CTCCTGGAACTACAACTACGGACAG 417

1i---ciii - - TATGEOCGOGGACCCAT GCAACT CTCCTGGAACTACAACTATGGACAG 48
376 GECAAGCAATACTAT GROCCOGGACCCAT GCAACT CTCCTGRAACTACAACTACGRACAG 435

88: GBCAAGCAATACT AT GECCGCCGACCCATGCAACT CTCCTGGAACTACAACTACGGACAG 147

i 0

1 oo Sooooiiooocecccec-c--------- 0
391: GECAAGCAATACTATGGCOBOGCACOCATT CAACT TTCCAGEGCGCAAAAGGT TTTGCA 450
388: GACAAGCAATACTATGEOCGCGGACCOCTT CAACT TTCTGAGT CC- - - - - - - < - = - = - - - 432
322: GECAAGCAATACTATGEA: - - - = <= o= o2 e e e ocococooaoaooooooooo.-. 339

SEQ 3
SEQ 4

721: TGOCGAAGAGCCATAGGAGCGGACT TGCTCAACAACCCCGACCTGGTGECCAATGATCCT 780
154: TGOCGAAGAGCCATAGGAGCGGACT TGCT CAACAACCCCGACCT GGTGECCAATGATCECT 213
148 TGCGGACGAGCCATAGGAGCGGACT TGCTCAACAACCCCGACCTGGTGECCAATGATCECT 207

Lioeeocoee - BB 0
209 TGOGGAAGAGOCATAGGAGCGGACT TGCT- AACAGCOCCGACCTGGTGRCTAGCGATECT 267
418: TGOGGAAGAGOCATAGGAGOGGACT TGCT CAACAGCCCCGACCTGGTGRCTAGCGATGCT 477

SEQ 10  49: TGCGGAAGAGCCATAGGAGCEEACT TGCTCAACAACCCCGATCTGGTGECTAGCGATCCT _108

SEQ5  436: TGCGGAAGAGOCATAGGAGOGGACT TGCTCAACAACCCCGACCTGGTGRCCAGTGATGCT 495
SEQ7  148: TGOGGAAGAGCCATAGGAGDGGACT TGCTCAACAACCCCGACCTGGTGECCAGTGATGCT 207
SEQ D R CRREREEEERE = B TR (EERRRGRREEEEEEEEE L EEEEEED 0
SEQ A 451 TTCAGGCGCAGGCARACOCCCAT T TATTCAATCOCOGT AACCCOCTT CT T TAAAACCTTE 510
SEQ C 4330 - - - - s m . 432
SEQJ 3401 - oeoooaooaaao- 339
SEQ 1  781: ACGATCTCCTTCAAGACGRECACT CTGGT TCT GGATGACAGCGCAGT CGOCCAAGOCATCG 840
SEQ 2  214: ACGATCTCCTTCAAGACGRCACT CTGGT TCTGGATGACAGOGCAGT CGCCCAAGOCATCG 273
SEQ 6  208: ACGATT TOCT TCAAGACGRCACT CTGGT TCTGRATGACAGCGCAGT OBOCCAAGCCATOG 267
SEQ 8 Li------ e - B E- - RISy 4 TGGATGACAGOGCAGTOBOCCAAGCCATOG 30
SEQ 9 1------Y QAN S Y. .. ... 0
SEQ 3 268 GTGATATCCTTCAAGACGGCACT ATGGT TCTGGAT GACAGCGCAGT CBOCCAAGCCATOG 327
SEQ 4  478: GTGATATCCTTCAAGACGECACT ATGGT TCTGGATGACAGOGCAGT CGCCGAAGOCATOG 537

SEQ 10 109: GTGATATCCT TCAAGACGECACT CTGGT TCTGGATGACAGCGCAGT CBCCCAAGCCATCG 168

SEQ 5
SEQ-7
SEQ-D
SEQE
SEQ A
SEQ-C
SEQ-J

496: GTGATATCCTTCAAGACGGECTCT CTGGT TCTGGAT GACAGOGCAGT CGOCCAAGCCATCG 555
208: GTGATATCCT TCAAGACGECTCT CTGGT TCTGGAT GACAGCGCAGT CBCCCAAGCCATCG 267

1., A PR . L 0
R T i s s LA N 0
511 TTTTHTCAAATTTTOCOCCCCAAAAAAAACCGT TOOGRCGGAACCCCAACAAAACGOREE 570
433:----- NI ) e e RfAL . 432
340:-------- - JACHNAONHNAO Y ... 339

SEQ1
SEQ 2
SEQ 6
SEQ 8
SEQ9
SEQ 3
SEQ 4

841: TGOCACGACGT CATCACT GEGAGAT GGACACCCTCOGGCGCTGACACGTCAGOGAGTOGA 900
274: TGOCACGACGT CATCACT GEGAGAT GGACACCCT COGGCGCTGACACGTCAGOGAGTOGA 333
268: TGOCACGACGT CATCACT GEGAGAT GGACACCCT OCGGOGCT GACACGTCAGOGGGTCGA 327
31: TGOCACGACGT CATCACT GEGAGAT GRACACCCT COGGCGCTGACACGTCAGOGAGTOGA 90
1. - - - CACGACGTCATCACT GGACGCTGGACACCCTCOGGEOGCTGACACGTCAGOGAGTOGA 57
328 TGOCACGACGT CATCACCGEGAGAT GGACACCCTCTAECGCTGACACGCCCROGAGT AGA 387
538: TGOCACGACGT CATCACCGEGAGAT GGACACCCT OCGGOGRCT GACACGCCCAOGAGT AGA 597

SEQ 10 169: TGCCACGACGT CATCACCGEGAGCT GGACACCCT COGECCCTGACACGCCCEOEEGT AGA 228

SEQ5  556: TGOCACGACGTCATCACT GBGAGAT GGACCCOCT COGGCAICGACACGCCAGOGRGTCGA 615
SEQ7  268: TGOCACGACGTCATCACT GGGAGATGGACCCOCT COGGOGOCGACACGCCAGOGRGTCOGA 327
SEQ D s GOGGGTOGA 9

SEQE L o m s e i iiiiiioioiiioooio--- GGTCGA 6

SEQA 571 GLCTTTTGOOCAAAT TACCCGGT TICT- - =< -- - - - - - - - < ------- 597
SEQ C 4331 - m s m o m el 432
SEQJ  BA0: - = s s s s s oioioioioiioioioioioooo- 339

(Y

(Continued)
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SEQ1
SEQ 2
SEQ 6
SEQ 8
SEQ9
SEQ 3
SEQ 4

901: CTTCCAGGGTACGGAACCACCACCAACAT CATCAACGGAGEECT GGAATGT GBGAGAGEG 960
334: CTTCCAGGEGTACGGAACCACCACCAACATCATCAACGGAGEECTGGAAT GTGEGAGAGSG 393
328: CTTCCAGGEGTACGGAACCACCACCAACATCATCAACGCAGEECTGGAAT GTGEGAGAGSG 387

91: CTTCCAGEGTACGGAACCACCACCAACAT CAT CAACGGAGEECTCEGAATGTGEGAGAGEG 150

58: CTTCCAGGGTACGGAACCACCACCAACAT CAT CAACGGAGEECTCCGAATGTGEGAGAGSG 117
388: CTTCCAGGEGTACCGAACCACCACCAACAT CAT CAACGGAGEECTGGACTGT GBGAGAGEC 447
598: CTTCCAGGGTACCGAACCACCACCAACATCATCAACCCGAGEECTCGGACTGIGEGAGAGSG 657

SEQ 10 229: CTTCCAGGEGTACGGAACCACCACCAACAT CAT CAACCCAGEECTCGGACTGTGEGAGAGEG_288

SEQ 5
SEQ-7
SEQ-D
SEQE
SEQ A
SEQ C
SEQ-J

616: CTTCCAGEGTACGGAACCACCACCAACAT CATCAACGGAGGGECTGGAAT GTGEGAGAGES 675
328: CTTCCAGGEGTACGGAACCACCACCAACATCATCAACGCAGEECTGGAATGTGEGAGAGSG 387
10: CTTCCAGGGTACCGAACCACCACCAACATCATCAACCGAGEECT GGAATGT GEGAGAGSG 69

7: CTTCCAGGGTACGGAACCACCACCAACAT CATCAACGGAGEECTCEAATGTGEGAGAGSS 66

e 597
e 432
BA0: < - - m s m e ioioioioiiiaoioioiooo-- 339

SEQ-1
SEQ-2
SEQ 6
SEQ 8
SEQ-9
SEQ 3
SEQ 4

961: CAGGACOCGAGGGTTGOGGATCATATTGGAT TTTTCAAGAGATACTGOGACATTCTGRGT 1020
394: CAGGACCOGAGGGT TGOGGATCATAT TGGATTTTTCAAGAGATACTGOGACATTCTGGGT 453
388: CAGGACCCOGAGGGT TGOGGATCGTATTGGAT TTTTCAAGAGATACTGOGACATTCTGGGT 447
151: CAGGACOOGAGGGT TGOGGATOGTATTGGAT TTTTCAAGAGATACTGOGACATTCTGRGT 210
118: CAGGACOOGAGGGTTGOGGATOGTATTGGAT TTTTCAAGAGATACTGOGACATTCTGRGT 177
4438 CAGGACCCCAGGGT TGOGGATCGCAT TGGATTCTT TAAGAGATACTGOGACATTCTGCGT 507
658: CAGGACCCGAGRGTTGOGGATOGCATTGRATTCTTCAAGAGATACTGOGACATTCTGCGT 717

SEQ- 10 289: CAGGACCCGAGEGT TGCGGATCGCATTGGATTCTTCAAGAGATACT GCGACATTCTGCGT _348

SEQ5  676: CAGGACOCGAGEGTTGCGGATCGCATTGGATTTTTCAAGAGATACTGCGACATTCTGRGT 735
SEQ7  388: CAGGACOCGAGEGT TGCGGATCGCATTGGATTTTTCAAGAGATACT GOGACATTCTGRGT 447
SEQD  70: CAGGACOCGAGGEGT TGOGGAT CGCATTGGATTTTTCAAGAGATACTGOGACATTCTGRGT 129
SEQE__ 67: CAGGACOCGAGGEGT TGOGGAT CGCATTGGAT TTTTCAAGAGATACTGOGACATTCTGRGT 126
SEQA 598 ----------c-s-c-mococommmmococoimiooioioi-i-iooioo-oi-i---o- 597
SEQ C 4831 - - - -m sl 432
SEQJ  BA0: - s s s s m e e e e iiioioioiioioioioioooo- 339

SEQ1 1021: GTCGECTATGECTCCAACCTCGACTGCTAT TCOCAGAGECCATTCGECTCTTCCTCECTC 1080

SEQ-2
SEQ 6
SEQ 8

454: GTCGECTATGGECT CCAACCT CGACTGCTAT TCOCAGAGECCATTCGECTCTTCCTCECTC 513
448: GTCGECTATGECTCCAACCT CGACTGCTAT TCOCAGAGECCAT TCGECTCTTCCTCECTC 507
211: GTCGECTATGECTCCAACCT CGACTGCTAT TCCCAGAGECCAT TCEECTCTTCCTCRCTC 270

SEQ9  178: GTCGECTATGECTCCAACCT CGACTGCTAT TCOCAGAGECCATTCGECTCTTCCTCECTC 237

SEQ 3
SEQ 4

508: GTCGGCTATGECT CAAACCT CGACTGCTATTCCCAAAGEOCATTCGGT TCTTCCTOGTTA 567
718: GTCGECTATGECTCCAACCTCGACTGCTAT TCCCAGAGECCATTCGECTCTTCCTCECTC 777

SEQ 10 349: GTCGECTATGECTCCAACCT CGACTGCTAT TCOCAGAGECCATTCGECTCTTCCTCECTC_408

SEQ5  736: GTCGGCTATGECTCCAACCTCGACT GCTATTOOCAGAGRCCATTOGRCTCTTCCTCACTC 795
SEQ7  448: GTCGGECTATGACTCCAACCTCGACT GCTATTCOCAGAGGOCATTCGRCTCTTOCTCACTC 507
SEQD  130: GTOBGCTATGGRCTOCAACCTOGACT GCTATTOCCAGAGGOCATTOGGCTCTTOCTCACTC 189
SEQE  127: GTCGGCTATGECTOCAACCT OGACT GCTATTOCCAGAGGEOCATTOGGCTCTTCCTCACTC 186
SEQA 598 ----c-----c-c-cocococ-a-eoiosococoioii-ioioioioio-i-i-ioo-- 597
SEQC 433----- M )erc e e A .. 432
SEQJ  340:---------- 1S I EHNAOANNAODYs ... 339
SEQ 1 1081: ATCGAGGTCCTC 1092
SEQ2  514: ATOGACGICCTC 525
SEQ6  508: ATCGACGTCCTC 519
SEQ8  271: ATCGACGTCCTC 282
SEQ9  238: ATCGACGTCCTC 249
SEQ3  568: ATTGACGICTTA 579
SEQ4  778: ATCGACGTCCTC 789
SEQ 10 _ 409: ATCGACGTCCTC 420
SEQ5  796: ATCGACGT CCTG 807
SEQ7  508: ATCGACGTCCTC 519
SEQD  190: ATCGACGTCCTC 201
SEQ E__ 187: ATOGACGICCTC 198
SEQA 598 ------------ 597
SEQC  433i-----cncnn-- 432
SEQJ  340:------------ 339

(Continued)



Appendix C

1. DEPC treated water

Add 0.1 ml of diethyl pyrocarbonate (DEPC) to 100 ml of distilled water to be treated, and
shake vigorously. Allow it let sit overnight and autoclave the solution at 121-C for 15 min to
inactivate the remaining DEPC.

2. IPTG stock solution (0.LM)
Dissolve 0.12 g IPTG (Isopropy! thio-&-D-galactoside) to final volume of 5 ml distilled
water. Sterilize by filter sterilize and store at 4-C,

3. LB broth
Bacto Tryptone 10¢
Bacto Yeast Extract 5¢
NaCl 5¢
Agar 15¢

Dissolve in800 ml dH,0. Adjust pH to 7.2 with NaOH and the volume to Lliter with dH,0.
Autoclave the solution at 121-C for 15 min.

4. LB plate with 100 ng/ml of ampicillin

Bacto Tryptone 10¢
Bacto Yeast Extract 5(
NaCl 59
Agar 15¢

Dissolve in 800 ml dH,0. Adjust pH to 7.2 with NaOH and the volume to 11 with dH,0.
Sterilize by autoclaving at 121°C for 20 min. Allow the medium to cool to 50-C before adding
ampicillin to a final concentration 100 ng/ml. Pour medium into Petri-dishes. Allow the agar to
harden.
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. LB plate with 100 mg/ml of ampicillin/IPTG/X-Gal

Make the LB plates with ampicillin as above. Then spread 100 nd of 100 mM IPTG and
20 ml of 50 mg/ml X-Gal over the surface of the plates and allow to absorb for 30 min at 37°C
before use.

6. Preparation of SOC media 1L

Bacto Tryptone 20 ¢
Bacto Yeast Extract 5

1 M of NaCl (5.850/100 ml) 10 ml
1 M of KCI((7.44 ¢/100 ml) 2.5ml

Adjust the volume to 980 ml with distilled waster. Sterilize by autoclaving at 121°C for
20 min. Allow the medium cool to room temperature before adding 5 ml 1 M of MgCl,-6H,0
(20.33 ¢/200 ml), 5 ml 1 M of MgSO,. 7 H,0 (12.30 ¢/100 ml), 10 ml 2 M of Glucose 10 ml
(36.00 g/200 ml) which was filter sterilized by 0.2 rvn filter.

7. Reagent for prepared competent cells
TB (transformation buffer)

PIPES (piperazine-1,4-bis(2-ethanesulfonic acid) 0.30¢
Calcium chloride 0.22¢
Potassium Chloride 186
Mili Q water 90 ml

Adjust pH to 6.7 with KOH and add 1.09 g maganese chloride. Adjust the volume to
100 ml with dH,0. Sterilize by 0.2 rin filter.

8. Reagent for extraction of DNA from polyacrylamide gel
8.1 Preparation of Gilbert buffer (200 ml)

0.5 M AcONH, 1.7

10 mM MgCl, 041g
1 mMEDTA 0079
0.1%SDS 0.29¢

Adjust the volume to 200 ml with dH,0. Sterilize by autoclaving at 121°C for 20 min.



8.2 10X TBE
Tris 108.0¢
Boric acid 5.0¢
0.5 M EDTA (pH 8.0) 40 ml
Adjust the volume to 1 liter with dH,0.

8.330% of acrylamide gel
Acrylamide 309
N,Nemethyllene bisacrylamide 08¢

Adjust the volume to 100 ml with dH,0 and filter with Whatman filter paper No 0.

8.4 Preparation of 5% of Polyacrylamide gel (15 ml)
30% of acrylamide gel (29 g acrylamide, 1 g Bris-acrylamide) 250 ml

10X TBE 150 ml

dH,0 1089 ml

10% Ammonium persulphate (0.1 g/ml) 0.10 ml

TEMED 0.015ml
8.53 M of CH,COONa pH4.8

CH,.COONa.3H,0 408.19

dH,0 800 ml
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Adjust pH to 4.8 with glacial acetic acid and the volume to 1 liter with dH,0. Sterilize by

autoclaving at 122°C for 20 min,

9. Reagents for agarose gel electrophoresis

9.150 X TAE
Tris 2420 ¢
Glacial acetic acid 57.1ml
0.5 MEDTA (pH 8.0) 100.0ml

Adjust the volume to 1 liter with dH,0.
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9.210X TAE
Tris 484 g
Glacial acetic acid 11.42 ml
0.5MEDTA (pH8.0) 20.0 ml

Adjust the volume to 1 liter with dH,0.

10. 6X dye for northern (100 ml)
0.5% of Bromophenol blue 059
50% of Glycerol 50 ml
Adjust the volume to 100 ml with DEPC treated dH.0.

11. Reagents for isolation plasmid DNA (alkaline lysis)
11.1 Preparation of PEG 600 /2.5 M NaCl
25 M NaCl 13.125¢
Adjust the volume to 500 ml with dH,0. Sterilize by autoclaving at 121°C for 20 min.
Allow the medium to cool to room temperature before adding polyethylene glycol (MW 6,000) to
20% final concentration (200 g).
11.2 Lysozyme buffer (100 ml)
1 Mof Tris/HCI (pH 8.0) 5ml
0.5 MEDTA (pH 8.0) 2ml
Adjust the volume to 95 ml with dH, 0. Sterilize by autoclaving at 121°C for 20 min and
add 5 ml 1 M Glucose which was sterilized by 0.2 nin ultrafilter,
11.3Phenol / Chloroform

TE (pH8.0) 300ml
Melted Phenol at 50°C 300ml
8-Hydroxyquinoline 45¢

Incubate at 4°C overnight and then, remove the supernatant and add 300 ml chloroform.
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11405MEDTA (pH 8.0)
EDTA (disodium ethylene diamine tetraacetate .2H,0) ~ 186.1¢
Distilled water 800 ml

Adjust pH to 8.0 with NaOH (about 20 g)

Adjust the volume to 1 liter with dH,0. Sterilize by autoclaving at 121°C for 20 min.
11510mM TEpH 8.0

Tris (10 mM) 0.121¢
EDTA (1 mM) 0.3722¢
Water 80 ml

Adjust pH to 8.0 with HCI and the volume to 100 ml. Sterilize by autoclaving at 121°C
for 20 min,

11.6 1% of SDS /0.2 M of NaOH

SDS 10 % (10 g/100 ml) 10ml
NaOH LN (40 ¢/l) 20ml
Adjust the volume to 100 ml with dH,0.
11.73M of CH,COOK pH4.8
5M CH,COOK (510 g/l) 120 ml
Glacial acetic acid 23ml

Adjust the pH to 4.8 with acetic acid and the volume to 200 ml with dH,0. Sterilize by
autoclaving at 122°C for 20 min,

12. Reagents for total RNA isolation by using CTAB

12.12X CTAB solution (1)
2% Cetyltrimethylamonium bromide (CTAB)
0.1 M Tris/HCI (pH 9.5) 1214
20mM EDTA 1444
1.4 M NaCl 8.19¢

Adjust the volume to 90 ml. Sterilize by autoclaving at 121°C for 40 min and add 1 ml
b-mercaptoethanol to 1% final concentration.
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12210MLICI (L)

LiCl 42390 ¢

Adjust the volume to 1 liter with dH,0. Sterilize by autoclaving at 121°C for 40 min.
12.33 M AcONa (pH5.2)

CH,COONa. 3H,0 408.1¢

Add water up to 800 ml

Adjust pH 5.2 with Glacial acetic acid and the volume to L liter. Sterilize by autoclaving
at 121°C for 40 min.

124 TE saturated phenol (pH9.0)

TE (pH8.0) 300 ml
Melted Phenol at 50°C 300 ml
8-Hydroxyquinoline 45¢

Mix and incubate at 4°C overnight. Remove superatant.

12.5 Chloroform solution (Chloroform : Isoamylalcohol = 24:1)
Chloroform 960 ml
|soamyalcohol 40 ml

13. Reagents for northern blot analysis
13.120XSSC (11)

Sodium chloride 17539
Sodium citrate 88.2¢
Distilled water 800 ml
Adjust pH to 7.0 with NaOH and the volume to 1 I. Sterilize by autoclaving at 121°C for
20 min,
13.22X SSC + 1%SDS (200 ml)

10% SDS 20ml
20X SSC 108 ml
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133 TES buffer (1)

10mM Tris.HCI 121g
1mMEDTA (pH 8.0) 3.724
150 mM NaCl 8.82¢

Adjust the volume to 1 liter with dH,0. Sterilize by autoclaving at 121°C for 20 min.
13.420X SSPE (1 1)

Sodium chloride 174.0¢
Sodium dihydrogen phosphate 2169
EDTA 149
dH,0 800 ml

Adjust pH to 7.4 with NaOH and the volume to 1 liter with dH,0. Sterilize by
autoclaving at 121°C for 20 min,
135 50X Denhardt’s solution (500 ml)

Ficoll 59
Polyvinylpyrrolidone 50
BSA (Pentax Fraction V) 59

Adjust the volume to 500 ml with dH,0 and filter through a disposable Nalgene filter.
Dispense into 25 ml aliquots and stored at -20-C.
13.6 Hybridization buffer (20 ml)

20X SSPE 5ml
10% SDS 0.2ml
50X Denhardt’s solution 0.4ml

Adjust the volume to 20 ml with autoclave dH,0.

14, Reagent of Screening cDNA library

14.1 SM buffer
NaCl 58¢
MgSO, TH,0 209
1 M of Tris-HCI (pH 7.0) 50.0ml
2 % of gelatin Sml

Adjust the volume to 1 liter with dH,0. Sterilize by autoclaving at 121°C for 20 min.
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14.2 Top agarose
Bacto Tryptone 109
Bacto Yeast Extract 5(
NaCl 50

Adjust the volume to Lliter with dH,0. Autoclave the solution at 121°C for 15 min. Add
10 mM MgSO, and 0.8% agarose. Before use add ampicillinto final concentration 10rd/ml.
14.3 Medium for E.coli Y1090r-

Bacto Tryptone 109
Bacto Yeast Extract 5¢
NaCl 5¢

Adjust the volume to 1 liter with dH,0. Autoclave the solution at 121°C for 15 min.
Add 500 r of 20 % maltose and 200 m of 25 mg/ml ampicillin.

15, Buffers for expression

15.1 Extraction buffer
20mMTris 0242 ¢
2mMEDTA 0.7444 g
dH,0 80 ml

Adjust pH to 8.0 with HCI and the volume to 100 ml with dH,0. Sterilize by autoclaving at
121°C for 20 min. Add 1 mg of lysozyme (100 mi/ml), 1 ml of Triton X-100 (1%), and 0.018 g of
PMSF (LmM).

15.2 Lysis buffer
50mM NaH,PO, 6.90¢
300 mM NaCl 17549
Adjust pH to 8.0 with NaOH and the volume to 1 liter with dH,0.
15.3 Wash buffer 1
50 mM NaH,PO, 6.90¢
300 mM NaCl 17549
10mM Imidazole 0689

Adjust pH to 8.0 with NaOH and the volume to 1 liter with dH,0.
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15.4 Wash buffer 2
50mM NaH,PO, 6.90¢
300mM NaCl 17549
50mM Imidazole 3409
Adjust pH to 8.0 with NaOH and the volume to 1 liter with dH,0.
15.4 Elution buffer
50mM NaH,PO, 0.69¢
300mM NaCl 175
250 mM Imidazole 170g

Adjust pH to 8.0 with NaOH and the volume to 100 ml with dH,0.

16. 10X buffer for Enterokinase

200 mM Tris 0.2422¢
500 mM NaCl 0.2925¢
20mM CaCl, 0.0220¢

Adjust pH to 7.4 with HCl and the volume to 10 ml with dH,0.

17. Solutions for protein

17.115M TrispH8.0
1.5 M Tris 18.17¢
Adjust pH to 8.0 with HCI and the volume to 100 ml with dH,0.
1721.0M TrispH6.8
1M Tris 12119

Adjust pH to 6.8 with HCl and the volume to 100 ml with dH,0.
17.3 SDS-gel loading buffer (5X stock)

2.5 M Tris 030¢
10% SDS 10g
0.5% Bromophenol blue 0.05¢
50% glycerol Sml

Adjust pH to 6.8 with HCI and the volume to 8 ml with dH,0. Before use add 20 r of
b-mercapthoethanol to 80 m of solution mixture.



17.4 Tris-Glycine electrode buffer (5X stock)

250 mM Tris
1.25 M glycine
0.5% SDS

3029¢
144

g

Adjust pH to 8.3 with HCI and the volume to Lliter with dH,0.

17.5 12% separation gel SDS-PAGE (10 ml)

15M Tris (pH8.0)

dH,0

10% SDS

30% acrylamide solution
10% ammonium persulfate
TEMED

17.6 15% separation gel SDS-PAGE (10 ml)

1L5MTris (pH8.0)

dH,0

10% SDS

30% acrylamide solution
10% ammonium persulfate
TEMED

17.7 5% stacking gel SDS-PAGE (5 ml)

1.0 M Tris (pH 6.8)

dH,0

10% SDS

30% acrylamide solution
10% ammonium persulfate
TEMED

17.8 Destaining solution for Coomassie Stain

Methanol
Water
Glacial acetic acid

1.3ml
3.3ml
0.1ml
4.0ml
0.1ml
0.004 ml

1.3ml
2.3ml
0.1ml
5.0ml
0.1ml
0.004 ml

0.63ml
34ml
0.05ml
0.83ml
0.05ml
0.005 ml

400 ml
500 ml
100 ml
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17.9 Staining solution with Coomassie brillant blug for protein

Coomassie brilliant blue R-250 lg
Methanol 400 ml
Water 500 ml
Glacial acetic acid 100 ml

Filter the solution through a Watman No. 1 filter to remove any particulate matter.

17.10 Staining solution for isoelectric focusing polyarylamide gel.

PhasGel Blue R (0.02%) 200 mg
0.1% CuSO, 19

Methanol 300 ml
Water 600 ml
Glacial acetic acid 100 ml

Filter the solution through a Watman No. 1 filter to remove any particulate matter.

17.11 Destraining solution for isoelectric focusing polyarylamide gel.

Methanol 300 ml
Water 600 ml
Glacial acetic acid 100 ml

18. Buffers and Reagents for enzyme assay
18.10.8 M Sodium tetraborate
Sodium tetraborate 1.6098 g
Adjust the volume to 10 mi with dH, 0.

18.2 p-dimethylaminobenzaldehyde (DMAB, 10X stock)

Glacial acetic acid 70ml
HCl 10ml
DMAB 8¢

Before use, add 90 ml glacial acetic acid in 10 ml DMAB solution.
18.3 200 m M N-acetyl-D-glucosamine

N-acetyl-D-glucosamine 0.2212¢

Adjust the volume to 5 ml with dH,0.
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18.4 10mM p-nitrophenol
p-nitrophenol 0.01391
Adjust the volume to 10 ml with dH,0.

18,5 0.1 M sodium acetate buffer pH 3.5, 4.0, 4.5,5.0,5.5, and 6.0
Sodium acetate 9.53¢
Dissolve in 800 ml dH,0. Adjust pH to 3.5, 4.0, 4.5, 5.0, 5.5, or 6.0 with glacial acetic

acid and the volume to Lliter with dH,0.

18.6 0.1 M sodium phosphate buffer pH 5.5
Disodium hydrogen phosphate 0.85¢
Sodium dihydrogen phosphate 173
Adjust pH to 5.5 and the volume to 1 liter with dH,0.

18.7 0.1 M sodium phosphate buffer pH 6.0
Disodium hydrogen phosphate 199
Sodium dihydrogen phosphate 1369
Adjust pH to 6.0 and the volume to 1 liter with dH,0.

18.8 0.1 M sodium phosphate buffer pH 6.5
Disodium hydrogen phosphate 5.2(
Sodium dihydrogen phosphate 999
Adjust pH to 6.5 and the volume to 1 liter with dH,0.

18.90.1 M sodium phosphate buffer pH 7.0
Disodium hydrogen phosphate 859
Sodium dihydrogen phosphate 6.2
Adjust pH to 7.0 and the volume to 1 liter with dH,0.

18.10 0.1 M sodium phosphate buffer pH 7.5
Disodium hydrogen phosphate 1189
Sodium dihydrogen phosphate 25¢
Adjust pH to 7.5 and the volume to 1 liter with dH,0.

18.110.1 M Tris-HCI buffer pH 7.0, 7.5,8.0,8.5,and 9.0

Tris 12149
Adjust pH to 7.0, 7.5, 8.0, 8.5, or 9.0 with HCI and the volume to liter with dH,0.
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18.12 10mM p-nitrophenyl-N-acetylglucosamine
p-nitrophenyl-N-acetylglucosamine 34231 mg
Adjust the volume to 1 ml with dH,0.
18.13 10mM p-nitrophenyl-N,Nediacetylchitobiose
p-nitrophenyl-N Nediacetylchitobiose 5.455mg
Adjust the volume to 1 ml with dH,0.
18.14 10mM p-nitrophenyl-N,NeNettriacetylchitotriose
p-nitrophenyl-N NeNetriacetylchitotriose 74869 mg
Adjust the volume to 1 ml with dH,0.
18.15 40 mM N N aNestetraacetylchitotetraose
N,NgNaxtetraacetylchitotetraose 8.308 mg
Adjust the volume to 250 m with dH, 0.

19, Preparation of Glycol chitin

Glycol chitin was obtained by acetylation of glycol chitosan by a modification of the
method of Trudel and Asselin (1988). Glycol chitosan (59) was dissolved in 100 ml of 10% acetic
acid by grinding in a mortar. The viscous solution was allowed to stand overight at 22°C. Four
hundred and fifty milliliters of methanol was slowly added and the solution was vacuum filtered
through Whatman No. 4 filter paper. The filtrate was transferred into a beaker and 7.5 ml of acetic
anhydride was added with stirring. The resulting gel was allowed to stand for 30 min at room
temperature and then cut into small pieces. The liquid extruding from the gel pieces was
discarded. Gel pieces were transferred to a waring blender, covered with methanol, and
homogenized for 4 min at top speed. The suspension was centrifuged at 27,000 x g for 15 min at
4°C. The gelatinous pellet was resuspended in 1 volume of methanol, homogenized, and
centrifuged as in the proceeding step. The pellet was resuspended in 500 ml distilled water
containing 0.02% (w/v) sodium azide and homogenized for 4 min. This was the final 1% (w/v)
stock solution of glycol chitin.
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20. Preparation of Swollen chitin

Swollen chitin was prepared according to the method of Monreal and Reese (1968). Chitin
flakes, 10 g, were added into 100 ml of 85% (v/v) phosphoric acid. The suspension was left
stirred constantly overnight at 4°C. An excess volume of distilled water was added into the
suspension to precipitate the acid-treated chitin. The precipitate was harvested by centrifugation
at 10,000 x g at 4°C for 30 min. The precipitate was washed thoroughly until the pH of the
suspension was nearly neutral. The swollen chitin was at 4°C until used.



Appendix D

1. Standard curve of N-acetyl-D-glucosamine
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2. Standard curve of p-nitrophenol
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3. Standard curve of BSA by Lowry method
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4, Standard curve of N,NGNNEEe-tetraacetylchitotetraose
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