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CHAPTER 1

INTRODUCTION

Chitin

Since 1811 that chitin has been discovered, it was then widely studied due to the
fact that, second to-only cellulose, chitin appears to be the most abundant
polysaccharides with-high potential for various applications. Chitin is naturally found
as one of the major structural components of many living organisms as shown in
Table 1 (Knoor, 1984)./Tt constitutes the exoskeleton of arthropods, such as the shell
of shrimps, crabs and insects and also found in cell wall of fungi and yeast. Yearly,
around 10 gigatons of chitin are produced on earth (Tharanathan and Kittur, 2003)

made it to be one of a large carbohydrate resource available for researching.

Chemistry of chitin

Chitin is a homopolymer of N-acetyl- glucosamine (GlcNAc) linked with g-
(1,4) glycosidic bond. This A configuration makes GIcNAc unit 180° twisted every
one unit, thus, the repeating unit of chitin chain is dimer of GIcNAc as shown in
Figure 1.1. GIcNAc unit is chiral and specifically linked from C-1 of one unit to C-4
of the contiguous one, the “left” and “right” direction, therefore, could be assigned to
the chain with reducing and non-reducing terminal. Structure of chitin found in nature
is roughly divided into 3 polymorphic forms depends on the direction of chitin chains
that packed together. First one 1s:so called a-chitin, the most commonly found in
many-organisms including crustaceans, insects and fungi. Chitin chains of a-chitin are
stacked in antiparallel direction ‘which is stabilized-by hydrophobic interaction
between ‘the surfaces of sugar ring along' the chain. Additionally, half of CH,OH
groups in chitin chain are bonded with CH,OH groups of the adjacent one thus help
stabilizing structure, while another half of CH,OH groups bonded with carbonyl
group within the same stack. Second form is B-chitin, a less common allomorph found

in the spines of the polychaete Aphrodite, the pen of the squid Loligo, the tubes of



Table 1.1 Chitin content of selected crustacean, insect, molluscan organs and fungi.

Type

Chitin content

(%)

Type

Chitin content

(%)

Crustacean

Cancer (crab)
Carcinus (crab)
Paralithodes (kingcrab)
Callinectes (blue crab)
Crangon (shrimp)
Alasakan (shrimp)
Nephrops (lobster)
Homarus (lobster)
Lepas (barnacles)
Molluscan organs

Clamshell

Oyster shell
Squid, skeleton pen
Krill, deproteinized shell

72.1¢
64.2°
35.0°
14.0°
69.1°
28.0°
69.8°
60-75°
58.3¢

6.1
S
41.0
40.2

Insects

Periplaneta (cockroach)
Blatella (cockroach)
Colcoptera (beetle)
Diptera (truefly)

Pieris (sulfer butterfly)
Bombyx (silk worm)

Calleria (wax worm)

Fungi

Aspergillus niger
Penicillium notatum
Penicillium chrysogenum
Saccharomyces cereviseae
Mucor rouxii

Lactarius vaiiereus

(mushroom)

2.0
18.4°
27-35°
54.8°
64.0°
44.2°
33.7°

42.0¢
18.5¢
20.1¢
2.9¢
44.5
19.0

a. Wet body weight

c. Organic weight of cuticle

b. Dry body weight or total dry weight of cuticle

d. Dry weight of cell wall
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4
Pogonophora and the spines of certain marine diatoms. This form has parallel
arrangement of chitin chains. Differ from a-chitin, chitin chains in the B-chitin are
stacked together with only hydrophobic interactions, whereas all CH,OH groups are
bonded with carbonyl groups in the same chain. The last rarely existed form is y-
chitin. It has both parallel and antiparallel conformation with a 3 chain unit in which
two parallel chains are followed by an opposite direction one. This form has been
only found in stomach lining of Loligo and not-yet to be analyzed in detailed, but X-
ray diffraction patterns and NMR spectra of this allomorph shows to be distinguished
from a- and B-chitin which confirms that this conformation is not the distortion of
other forms. The graphical structure of these 3 forms of chitin is shown in Figure 1.2.
(Blackwell, 1969)

Similar to cellulose, chitin is the aggregate of linear polysaccharides into
crystalline structure which contributes to: the strength in chitinous materials of the
above organisms, and also to the water insoluble properties. Chitin cannot dissolve in
common solvent unless it 1s degraded to oligosaccharides. It can only dissolve in
some strong solvent, such “as -dimethylformamide with lithium chloride,
hexafluoroisopropanol, hexafluoroacetone sesquihydrate, or 1,2 chloroethanol with
sulfuric acid, made it hard to be further applied. In contrasts, chitosan, a deacetylated
derivative of chitin, could dissolve in weak acid like acetic acid and lactic acid.
Chitosan is a.copolymer composed of GIcNAc and GlcN randomly distributed in
S-(1,4)-linked ‘hinear chain at higher percentage of GlcN. Molecular weight of chitin
and chitosan eould be up to 10° Dalton depended on degree of polymerization and, in
case of chitosan, degree of deacetylation. These two are important parameters to
determine physical,.chemical and biological properties which also dictate the use of
chitin-and chitosan for various-applications.

Nowadays, chitin and chitosan serve as the biopolymer materials to many
fields of industry with environmentally friendly characteristics which concern those
who are aware of ecological safety. They are from natural resources, biodegradable,
and almost non-toxic. Chitosan has potentials to be applied and used in many: fields.
In pharmaceutical uses, it shows possibility to be used as controlled drug releasing
agents (Shu, Zhu and Song, 2001), and has been shown to facilitate wound healing
(Lloyd et al., 1998). In food industry, addition of chitosan helps improve texture of
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Figure 1.2 Simplified structure of a-chitin, B-chitin and y-chitin

Structure of a-chitin (A), B-chitin (B) and y-chitin (C) are displayed. Heads and tails

of arrows represent reducing and non-reducing ends of chitin chain, respectively.



6
cold-set chicken salt-soluble protein gel (Kachanechai, Jantawat and Pichyangkura,
2008). It also has antimicrobial activity which could be used as non-chemical
preservatives (Knoor, 1984). In ecology, chitosan powders could be used to purify
heavy metals contaminated water (Muzzarelli et al., 1989). In agriculture, coating
with chitosan could help enhance the quality of strawberry after harvested
(Hernandez-Munoz et al., 2008), and it could induce plant resistance response system
(Walker-Simmons, Hadwiger and Ryan, 1983).

To be applied more efficiently, chitin and chitosan was degraded into low
molecular weight chitin/chitosan and chitooligosaccharides. Application potentials of
chitooligosaccharides specifically change with different degree of polymerization.
(GlcNAc)e and (GIleN)g have shown antitumor activity, immuno-enhancing effects,
and enhancing protective effects against infection with pathogens in mice (Suzuki et
al., 1986). Oligomers with six or more residues show strong physiological activities to
elicit plant defense responses (Shibuya and Minami, 2001). They show the possibility
to be used as prebiotics by stimulating beneficial gut bacterium. Importantly, studies
showed that chitooligosaceharides could promote growth and enhance quality in some
plants including orchid (Kananont et al., 2010), since Thailand is one of the world’s
largest orchid exporters.

Production of chitooligosaccharides could be achieved by various methods of
degradation. Chemical method use strong acids (hydrochloric acid or nitrous acid) to
randomly hydrolyze chitin/chitosan which give mostly monomers and other non-
specific products. This method also causes the hazardous acid waste that brings about
further treatment problems. Physical method undergoes irradiation with gamma ray
which causes less environmental pollution (Choi et al., 2002). This method still gives
non-specific rproducts:~ Enzymatic method has become an-important-degradation
process due to the fact that the reaction 1s done under mild condition, controllable and
gives specific products which is up to the enzyme used and reaction conditions (Jung

et al., 2007).

Chitinases

Chitinase (EC 3.2.1.14) is one of the chitinolytic enzymes the same as lysozyme

(EC 3.1.2.17) and chitosanase (EC 3.2.1.132) which is found in many organisms with
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their own specific biological purposes. In higher plants, chitinases are used as
defensive response agents against pests and fungal pathogens. In insects and
crustaceans, chitinases are used for cuticle degradation during the ecdysis.
Microorganisms produce chitinases to hydrolyze chitinous substances and utilize as
carbon source. Recently, chitinases are also found in fish and mammals. Chitinases
have a wide range in size varied from 30 kDa in plants to as high as 120 kDa in some

vertebrates (Koga et al., 1999).

Classification of chitinases

Chitinases are classified into family 18 and 19 of glycosylhydrolase families,
based on amino acid sequences similarities which correlate with structure and
mechanism of catalysis. Family 18 chitinases is the largest found in eukaryotes,
prokaryotes and viruses which-have several conserved amino acids regions. Figure
1.3A shows the eonserve sequences found in the active site, including a glutamic acid
(E) residue (residues in white “letter) of the chitinases from Bacillus circulans,
Serratia marcescens, Pyrococcus kadakaraensis and Trichoderma harzianum. These
signature sequences played a crucial role in catalytic mechanism. Family 19 chitinases
are mostly found in plants with the exception of Streptomyces griseus,. The
conserved amino acids from these families are also found in the active site which two
glutamic acid residues (residues in white letter) are important in the catalysis
mechanism of family 19. Sequences represented by barley chitinase (Hordeum
valgare), potato chitinase (Solanum tuberosum), pea chitinase (Pisum sativum) and

Arabidopsis thaliana are shown in Figure 1.3B.

Structures of chitinases

X-ray. crystallography and NMR spectroscopy are important procedures for
obtaining 3-dimensional (3D) structure of enzyme which indeed helps for studying
structures and mechanisms of catalysis of the enzymes. Most chitinases consist of at
least 2 major domains, catalytic domain containing substrate binding cleft and active

site and noncatalytic domain which are reported to facilitate chitin binding properties.
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Structures of family 18 and 19 chitinases show significant differences especially in

the catalytic domain.

1. Catalytic domain of chitinases
1.1 Catalytic domain of chitinases family 18

The catalytic domain structure of family 18 chitinases is (f/a)s barrel
composed of eight a-helices forming a ring toward the outside and eight strands of -
sheet bend into a barrel structure. In addition, many chitinases in this family have one
or more noncatalytic domains found at both the N- or C- termini. Figure 1.4(A) shows
the 3D structure.of chitinase’' B’ from S. marcescens, a representative of family 18
chitinases. There is:a small (B+a) domain stitches to the (B/a)sg barrel to form catalytic
domain with chitin binding domain anchoring at C-terminus. The crystal structures of
catalytic domain of other glycosylhydrolases family 18, such as chitinase A from S.
marcescens (Perrakis et al., 1994), hevamine from Hevea brasiliensis (Terwisscha
van Scheltinga™ et al., 1994), endo-B-N-acetyl-glucosaminidase F1 from
Flavobacterium meningosepticum (Roey et al., 1994), and endo-B-N-acetyl-
glucosaminidase H from Streptomyces plicatus (Rao, Guan and Roey, 1995), exhibit

similar barrel structure.

1.2 Catalytic domain of chitinases family 19

In contrast to family 18, structure of catalytic domain of family 19
chitinases is essentially composed of a-helices with one three-stranded p-sheets. Most
chitinases of family 19 also consist of additional binding domain, but only one at the
N-termini, except for chitinase from Urtica dioica which has more than two modules
containing a tandem repeat of two N-terminal chitin binding -domains. Interestingly,
the folding.pattern of catalytic core of this family is found to be conserved among
other glycosylhydrolases (family 22, 23, 24 and 46) which are not only chitinase but
also chitosanase and lysozyme. A model structure family 19 is chitinase from barley

Hordeum vulgare as shown in Figure 1.4(B).

2. Substrate-binding subsites of chitinases
According to subsite nomenclature for glycosylhydrolase proposed by

Davies et al., 1997, chitinases have 6 binding subsites within catalytic cleft in which
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Figure 1.4 Crystal structures of chitinase family 18 and 19.
Chitinase B from S. marcescens: 1E6N (A), a representative of chitinases family 18,
and chitinase from barley seeds: 1CNS (B), a representative of chitinases family 19

are shown. The 3D models are visualized by PyMOL 0.99rc6.
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have several residues involved in binding interactions. Substrate binding mechanism
was proposed mainly by X-ray crystallography. In Family 18, the molecular dynamics
simulations of (GlcNAc)s binding to S. marcescens chitinase A indicated that the
binding cleft are represented by (-4)(-3)(-2)(-1)(+1)(+2). The -1 sugar was distorted to
boat conformation and this was found to be critical in catalysis mechanism (Brameld
and Goddard, 1998b). Family 19 was firstly reported to has (-4)(-3)(-2)(-1)(+1)(+2)
subsites the same as those in hen'egg white lysezyme (John Hart et al., 1995) but the
study on barley chitinase revealed that the binding cleft seems to be longer, so that the
binding subsites  should.~be ~(-3)(-2)(-1)(+1)(+2)(+3) 1instead. In addition, the
simulation study indicated that conformation of (GIcNAC)e substrate units that binds
to barley chitinase are all in" a chair. conformation (Brameld and Goddard, 1998a).
Hydrogen bonding interactions between catalytic residues and bound substrate are

shown in figurel.5.

3. Noncatalytic domains of chitinases

Most chitinases of both family 18 and 19 have noncatalytic modules attached
to the catalytic domains for some specific purposes. The important one is chitin
binding domain (ChBD) composed of only B-sheets folding into globular structure
with exposed aromatic residues. This domain could bind to chitin via hydrophobic
interactions, thus it is required for chitinase to bind insoluble chitin specifically
(Ikegami et al:; 2000). The other module that also found in chitinase is Fibronectin
typelll-like domain (FnlIID). This domain shows significant sequence similarity with
Fibronectin typelll module and found as tandem repeats. The function of Fibronectin
typelll-like domain.is still unclear but deletion of this reduces the activity of chitinase

on insoluble substrates (Watanabe et al.; 1994).

Catalytic mechanism of chitinases

Chitinases catalyze hydrolytic by cleaving at f-(1,4) glycosidic bonds between
GlcNAc units which, in general, results in two anomeric configuration of products,
retention or inversion. The most powerful information has been obtained from X-ray
crystal structures of the enzymes complexed with their substrate analogues. These

structures were solved by several investigators, and their catalytic mechanisms were
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discussed from the relative locations of catalytic residues to the bound substrate
analogues. The catalytic mechanism of chitinases family 18 and 19 are significantly

different which will be discussed further in details.

1. Catalytic mechanism of family 18 chitinases

The mechanism of family 18 chitinases has been proposed to retain anomeric
configuration of the substrates. From the sequence comparison, the carboxylic amino
acid residues involved in catalysis were found to be conserved in all chitinases of
family 18. The study on chitinase Al from B. circulans WL-12 showed that site-
directed mutagenesis of Glu204 completely eliminated its activity while mutagenesis
of Asp200 and Asp202 only decreased the enzymatic activity but did not completely
eliminate the activity (Watanabe et al., 1994; Watanabe et al., 1993). From these
results and the 3D structure analysis clearly showed that there is only one acidic
residue at active site that is considered to be proton donor in the catalysis. Unlike
other retaining glycosylhydrolases which undergo double replacement mechanism
with two carboxylic catalytic residues, family 18 chitinases are proposed to involve a
substrate-assisted mechanism due to lacking of enzymic nucleophile. This mechanism
is supported by crystal structure and kinetic studies of the inhibitor allosamidin bound
to hevamine, a family 18 chitinase from Hevea brasiliensis, which allosamidin is
thought to be a transition state analog (Terwisscha van Scheltinga et al., 1995). Based
on double displacement mechanism, the catalysis starts with' proton donation from
catalytic carboxylate to oxygen atom of f-(1,4) glycosidie linkage to form a
oxazolinie ion intermediate stabilized by an anchimeric assistance of the sugar N-
acetyl group instead of second carboxylic residue. Such stabilization might occur
through acharge interaction between the Cl-carbon and the carbonyl oxygen of the
acetamido group (Figure 1.6 Schemel). Quantum mechanical studies supported this
substrate-assisted mechanism in family 18 chitinase (Brameld et al., 1998).

Recently, the latest catalytic mechanism in chitinase A from S. marcescens was
proposed. Yannis and coworkers had studied on the active site and found that residues
Asp313 and Tyr390 along with Glu315 were proton donor residues which play a
central role in the catalysis as shown in Figurel.6 Scheme 2. After substrate binding,
conformation of -1 sugar change from “chair” to the unstable “boat” form with

acetamido group bend away from Tyr390 which provide spaces for water molecule
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that H-bonded to both Tyr390 phenol hydroxyl group and the NH of acetamido group
of the -1 sugar. Then Glu315 donates its proton to oxygen of the glycosidic C1(-1)-
O4(+1) bond which subsequently break the bond and induce the acetamido group of -
1 sugar to rotate around the C2-N2 bond toward Tyr390. So that the water molecule
earlier bonded to Tyr390 was forced to translocate toward Glu315 residue. At this
stage, water molecule donates proton to the carboxylic group of Glu315 while the
remaining hydroxide anion is bonded to the positive charged C1 carbon of -1 sugar at
the same configuration of the departed oxygen O4 of the +1 sugar. This completes the
retaining mechanism without the formation of oxazoline ion intermediate

(Papanikolau et al:; 2001):

2. Catalytic mechanism of family 19 Chitinases

In contrast to family 18, family 19 chitinases were reported to yield a-
anomer products which indicate inversion of hydrolytic mechanism. The major
difference in structure especially in the active sites was thought to be the cause of this
anomeric configuration difference. Two carboxylic amino acid residues were studied
to be involved in catalysis mechanism. Site-directed mutagenesis study of barley
chitinase showed that the mutation of Glu67 to Gln completely eliminated its activity,
and that of Glu89 reduced the activity to 0.25 % compared with wild type. Thus,
Glu67 and Glu89 are most likely to be a proton donor and a second catalytic residue
respectively -(Andersen et al., 1997). The distance between-these two catalytic
residues 1s also found to be closely related to the catalytic mechanism. In case of
retaining enzymes, the average distance between the two catalytic residues is about 4-
5 A, while there is larger space to about 10-11 A in inverting enzymes (Wang et al.,
1994). With, these characteristics, family 19 chitinases commonly. undergo single
displacement mechanism with two catalytic carboxylate residues, one as general acid
and another one as general base. Figure 1.6 scheme 3 shows the single displacement
mechanism. First, the general acid residue donates proton to oxygen atom of £-(1,4)
glycosidic linkage whereas the basic residue activates nucleophilicity of the water
molecule and stabilizes the oxocarbenium ion intermediate that formed. The direction
of coming water molecule is a-side thus results in inversion of anomeric

configuration (Brameld and Goddard, 1998a).
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Bacterial chitinases of family 18 will be focused since they have been

intensively studied in our laboratory and will be used in this work.

Chitinase 60 from Serratia sp. TU09

Chitinase 60 from Serratia sp. TUO9 (Chi60) has almost the same structure as
the very well studied chitinase A from S. mareescens. Structure of Chi60 consists of
N-terminal FnlIID that acts as chitin- binding module and catalytic domain. This
chitinase hydrolyzes chitin with both endo- and exo-mode of catalysis depends on
substrate morphelogy and ionic' strength. Chi60 binds to chitin via hydrophobic
interaction between sugar rings of GleNAc units and aromatic residues on chitinase
surface which guide chitin into catalytic cleft. Chi60 hydrolyzes chitin strands that are
fed through FnllID from the reducing end and yields major products of (GlcNAc),
(Kuttiyawong, Nakapong and Pichyangkura, 2008). Characterization of Chi60 was
achieved by Kamontip Kuttiyawong (2001) which exhibits optimum pH at pH 5.0 and
has the optimum temperature at 55°C in citrate buffer pH 5.0.

Chitinase 66 from Bacillus licheniformis SK-1

Chitinase 66 from B. licheniformis SK-1 (Chi66) was characterized by Sanya
Kudan and found to be similar to chitinase Al from B. circulans WIL-12 (Toratani et
al., 2006). Chi66 consists of catalytic domain attached with FnllID and ChBD at C-
terminal; however, FnlID in Chi66 has a different folding structure from that in
Chi60. FnlIID folding in Chi66 has a characteristic hydrophobic core of 3 conserved
aromatic residues which is generally found between the substrate binding domain and
the catalytic domain of various insoluble substrate-degrading enzymes. Interestingly,
Chi66 also feeds substrate through N-terminal which is the nonreducing side of active
site, .although it has. FnllID and ChBD. attached at C-terminal.. Thus, Chi66 was
suggested to hydrolyze chitin from reducing end. Chi66 showed two optimum pHs at
pH 5.0 and pH 9.9 and has optimum temperature at 60-70°C (Kudan, 2001).
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Chitinase B from S. marcescens

Chitinase B from S. marcescens (ChiB) was intensively studied along with
chitinase A from S. marcescens. Structure of ChiB consists of catalytic domain with
ChBD located at the reducing side of active site and has porch loop that blocks chitin
binding at nonreducing -4 subsite. This could imply that ChiB hydrolyzes chitin from
nonreducing end and yields (GlcNAc); as primary product before further degraded to
monomer and dimer of GlcNAc. The optimum pH and temperature of ChiB are at pH

6.0 and 58°C respectively.(Brurberg, Nes and Eijsink, 1996; van Aalten et al., 2000).

From the studies above, direction of chitin hydrolysis of ChiB is different from
Chi60 and Chi66 but.amino acid sequences alignment of catalytic domains shows that
there are many regions of conserved sequences especially in the active site which is a
unique motif of family 18 chitinases (Figure 1.7). Moreover, the overall structure of
catalytic domains of these 3 chitinases folded into the very similar TIM barrel
structures. Figure 1.8 shows ‘the superimposed structure of Chi60/ChiB and
CatDChi66/ChiB. The notable difference in the structure is the blocked loop in ChiB
which is absent in Chi60 and Chi66. The active cleft of Chi60 and Chi66 has extended
substrate binding groove of both reducing and nonreducing side thus these two are
proposed to have endo-mode of catalysis. ChiB, on the other hand, has a porch loop
that limits the binding chitin from extending to nonreducing side, and also has a
flexible loop that crosses over the active cleft. This tunnel-like 'model combined with
the extended ChBD suggested that ChiB is a true exochitinase (van Aalten et al.,
2000).

Enzyme manipulation of chitinases

From. previous.thesis work of Sanya Kudan (2004), deletion and.shuffling. of
non-catalytic domains on_Chi66 were constructed by genetic engineering.. Results
showed that relative activity on crystalline chitin substrates decreased as the ChBD
was deleted and it decreased even more with both deletion of FnllID and ChBD. On
the contrary, the activity of the enzyme on colloidal chitin substrates increased when

the non-catalytic domains were deleted, suggested that these domains contributes to
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the exo-mode of hydrolysis. The mutant of Chi66 with N-terminal FnlIIID of Chi60
was also constructed but had no significant difference in hydrolysis activity on both
crystalline and colloidal chitin. Furthermore, mutant of only FnIIID of Chi60 attached
to CatD of Chi66 showed a decrease in activity on crystalline chitin, the same as wild
type without non-catalytic domains. This could be assumed that the non-catalytic

domains of each chitinase might have their own specific functions.

Homologous recombination technique in genetic engineering

Chromosomal recombination in bacteria is a common: phenomenon found in
asexual reproduction and natural genetic exchange both within and cross bacterial
strains which brings about diversity and adaptation to natural selection (Dykhuizen
and Green, 1991). Homologous recombination occurs through various pathways with
specific set of recombinase and-each required different size of homologous nucleotide
sequences. The RecA RecB recombination pathway, requires a large complete DNA
sequence homology of around 70-200 bp while the RecE pathway can promote
recombination with shorter sequences of as little as 6 bp of perfect homology (Keim
and Lark, 1990). Recently, recombination in E. coli has been used in DNA cloning as
the new alternative way that has advantages over traditional cloning by restriction
enzyme. Strategy of using restriction enzyme imposes. practical limitations that
cloning and ligation of inserted DNA molecules can only be precisely combined
between or near convenient restriction endonuclease sites (Zhang et al., 1998). The
idea of homologous recombination cloning is shown in Figure 1.9. The cloning vector
was first prepared with homology arms sequences at the cloning site. This linearized
vector was then transformed into ET-competent E. coli hosts; E. coli'with RecE/RecT
activity, containing target gene in either plasmid, BAC or chromosomal DNA with the
same homology arms as designed in cloning vector flanking at both side of target
gene. The recombination occurred in vivo at homology arms_ resulting in fully
insertion of target gene into the episome without any detectable  mutational errors
(Zhang et al., 2000).

In recent times, protein engineering by homologous recombination has become
more and more fascinating strategy for studying the functional region within a

conserved fold of proteins since the observation on identical folding proteins showed
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that not only sequences but also functions among these proteins were diverged. Thus,
this approach has been further applied to construct chimeric proteins with fragments
swapped between two parental sequences whether to pinpoint which sequence
differences determine functional differences (Carbone and Arnold, 2007). In 1999,
Hiromi and his team successfully constructed chimeric PQQ glucose dehydrogenase
(PQQGDH) from Acinetobacter calcoaceticus and E. coli. PQQGDH is a B-propeller
protein that has highly conserved primary struetures among bacterial species but the
EDTA tolerance property is different. That is, PQQGDH 1n A. calcoaceticus is very
stable to EDTA™ treatment while in E. coli is not. They used homologous
recombination to.construet chimeric PQQGDH gene of these two strains at conserved
region responsible for EDTA' tolerance. Figure 1.10° shows schematic view of
chimeric gene construction by homologous recombination. Plasmid containing two
genes in tandem was firstly constructed: before digested with restriction enzyme.
Linearized plasmid was then transformed into E. coli JC8679, a RecE+ host, and a
plasmid with chimeric gene was obtained. Chimeric PQQGDH showed complete
EDTA tolerance as found in A. calcoaceticus which help defining a new region
responsible for EDTA tolerance (Yoshida et al., 1999). Using homologous
recombination in this way was also done in chimeric cyclodextrin glucanotransferases
(CGTase) manipulation. In 2003, Anusak Keadsin constructed series of CGTase
chimera between «a-CGTase from Paenibacillus macerans -.and B-CGTase from
B. circulans-All. Chimeric CGTase of different domains resulted in different ratios
of a- B- y- cyelodextrin production (Keadsin, 2003).

We are interested in constructing chimeric chitinase between reducing end-
hydrolyzing chitinase and non-reducing end-hydrolyzing chitinase by homologous
recombination based on hypothesis that chimera of these two types of: chitinases
should have recombination site within catalytic domain since it showed highest
nucleotide sequences homology. Chimera with fused catalytic domain might have
ability to bind substrate from both reducing and non-reducing end and this might
affects mechanism of chitinase which causes product size to be changed. In this work,
we have constructed series of chimeric chitinases gene combining of Chi60 and Chi66
with ChiB within the catalytic domain via homologous recombination. The chimeras’
DNA sequences were analyzed to find recombining sites patterns and the expressions

of chimeras were studied.
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MATERIALS AND METHODS

Equipments

Autoclave: Model H-88LL, Kokusan Emsinki Co.,Ltd., Japan

Autopipette: Pipetteman, Gilson, France

Centrifuge, refrigerated centrifuge: Model J2-21, Beckman Instrument, Inc., U.S.A.
Centrifuge, microcentrifuge: Model MC-15A; Tomy Seiko Co., Ltd., Japan
Electrophoresisumit: 2050 MIDGET, LKB, Sweden

Gel mate 2000: TOYOBO, Japan

GS Gene linker UV chamber: Bio-Rad, USA.

Incubator: Model 1H-100, Gallenkamp, England

Incubator shaker: Model G-76, New Brunswick Scientific Co.,Inc., U.S.A.
Incubator, waterbath: Model M20S, Lauda, Germany

Magnetic stirrer: Model Fisherbrand, Fisher Scientific, U.S.A.

Mini-PROTEAN 3 Cell: Bio-Rad, U.S.A.

pH meter: Model PHM95, Radiometer Copenhegen, Denmark

Spectrophotometer: Spectronic 2000, Bausch&Lomb, U.S.A.

Spectrophotometer UV-240: Shimadsu, Japan, and DU Series 650, Beckman, U.S.A.
Vortex: Model K-550-GE, Scientific Industries, Inc., U.S.A.

Water bath: Charles Hearson Co. Ltd., England

Chemicals

Acetone: Merck, Germany

Acrylamide: Merck, U.S'A.

Agarose: GIBCOBRL, U.S/A.
Ammonium persulphate: Sigma, U.S.A.
Ampicillin: Sigma, U.S.A.

Aniline: Merck, Germany
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Bacto-Agar: DIFCO, U.S.A.
-mercaptoethanol: Fluka, Switzerland
5-bromo-4-chloro-3-indoyl-B-D-galactopyranoside(X-gal): Sigma, U.S.A.
Bovine serum albumin: Sigma, U.S.A.
Bromophenol blue: Merck, U.S.A.
Charcoal, activated: Sigma, U.S.A.
Chloroform: BDH, England
Coomasie brilliant blue R-250: Sigma, U.S.A.
Diphenylamine: BDH, England
di-Potassium hydrogen phosphate anhydrous: Carlo Erba Reagenti, Italy
di-Sodium ethylenediaminetetra acetate: M&B, England
DNA marker: Lamda (1) DNA digest with Hind 1II: GIBCOBRL, U.S.A.
85% Phosphoric acid: Mallinckrodt, U.S.A.
Ethidium bromide: Sigma, U.S.A.
Ethyl alcohol absolute: Carlo Erba Reagenti, Italy
Glacial acetic acid: Carlo Erba Reagenti, Italy
Glycine: Sigma, U.S.A,
Isopropyl-1-thio-B-D-galactopyranoside (IPTG): Sigma, U.S.A.
Magnesium sulphate-7-hydrate: BDH, England
Methanol: Merck, Germany
N-acetyl-D-glucosamine: Sigma, U.S.A.
N,N’-methylene-bis-acrylamide: Sigma, U.S.A.
NNN'N’- Tetramethyl-1,2-diaminoethane: Carlo Erba Reagenti, Italy
Phenol: BHD, England
85%Phosphoric acid: Lab Scan, Ireland
Potassium acetate: Merck, Germany
Potassium ferricyanide: BDH, England
Potassium phosphate monobasic: Carlo Erba Reagenti, Italy
Qiaquick Gel Extraction Kit: Qiagen, Germany
Shrimp shell Chitin and squid pen chitin: Ta Ming Enterprises Co., Ltd,
Samutsakon, Thailand

Silica gel plate (Kieselgel 60): Merck, Germany
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Sodium carbonate anhydrous: Carlo Erba Reagenti, Italy
Sodium citrate: Carlo Erba Reagenti, Italy
Sodium chloride: Carlo Erba Reagenti, Italy
Sodium dodecyl sulfate: Sigma, U.S.A.
Sodium hydroxide: Merck, Germany
Standard molecular weight marker protein: New England BioLabs, Inc., U.S.A.
Tris (hydroxymethyl)-aminomethane: Carlo-Erba Reagenti, Italy
TritonX-100: Merck, Germany
Tryptone: Scharlau, Spain

Yeast extract: Scharlau, Spain

Enzymes and Restriction Enzymes

Lysozyme: Sigma, U.S.A.

Proteinase K: Sigma, U.S.A.

Restriction Enzymes: New England BioLabs, Inc., U.S.A. and Fermentas, Canada.
RNase A: Sigma, U.S.A.

T4 DNA ligase: New England BioLabs, Inc., U.S.A.

Taq DNA polymerase: Fermentas, Canada.

Bacterial Strains

E. coli Top 10 (Invitrogen) with genotype F-, mcrA, A(mrr-hsdRMS-mcrBC),
080lacZAM 15, AlacX74, nupG, recAl, araD139, A(ara-leu)7697, galEl5, galKI6,
rpsL(Str®), endAl, 7" was used as high efficiency cloning competent cell.

E. coli DHSa with genotype F, &80 lacZAMI1S5, AllacZYA-argV169), endAl,
recAl; hsdR17 (rx.mg.), deoR, thi-1, supE44, A gyrA96, relAl was used as competent
cell for chimeric chitinase expression.

E. coli Origami(DE3) with genotype 4, (ara—leu)7697, AlacX74, AphoA, Pvull,
phoR, araD139, ahpC, galE, galK, rpsL, F'[lac+ laclgpro], (DE3), gor522::Tnl0,
trxB, (KanR, StrR, TetR) was used as competent cell for chimeric chitinase

expression.
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E. coli JC8679 with genotype F’, thr-1, leu-6, thil, lacYl, galK2, aral4, xyl5,
mtll, proAZ, his4, argE3, str31, tsx33, supE44, A, recB21, recC22, sbcA23 was used

for homologous recombination.

Chitinous substrate preparations

1. Partially N-acetylated chitin (PNAC)

Partially N-acetylated chitin (PNAC) was prepared from squid pen chitin by
suspending 10 g of powdered squid pen chitin in 250 ml 40% (w/w) NaOH and
vacuumed for 4 hours. 750 g crushed ice was then added and shook vigorously until
the squid pen chitin was completely dissolved in NaOH solution. The mixture was
stirred overnight at 4°C. . Concentrated HC] (12M) was added to adjust the pH to 7,
after that, 2 volumes of cold acetone was added to precipitate partially N-acetylated
chitin (PNAC) which was collected by filtration. PNAC was dialyzed with water to
remove salt before it was lyophilized and kept in dried fibrous form of PNAC. PNAC
was further dissolved in 1% acetic acid to make 3 mg/ml PNAC solution and used in

reaction as soluble chitin substrate at final concentration of 1 mg/ml.

2. Colloidal chitin

Colloidal chitin was prepared from flake shrimp shell chitin by the methods
described by Jeuniaux, Elizabeth and Victor (1966) and Yamada and Imoto (1981)
with some modification. Forty grams of shrimp shell chitin was hydrolyzed by adding
400 ml of concentrated HCI (12M) and stirred for 6 hours on ice with magnetic stirrer.
After stirred at 37°C.for a while, the chitin:hydrolysate was filtrated into 4 L of
chilled distilled water. The colloidal mixture was kept at 4 °C overnight. The
colloidal chitin was collected by-centrifugation at 8,000.g for 15 minutes and the
pellet 'was washed by resuspending.with distilled water until the pH was between 6
and 7. The colloidal-chitin-was finally resuspended. in sterile distilled water and kept
at 4°C. Wet weight and dry weight of chitin were determined, and used in reaction at

final concentration of 1 mg/ml dry weight.
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Media Preparation

1. Luria-Bertani (LB) medium
LB consisted of 1.0% tryptone, 0.5% yeast extract and 0.5% NaCl. Broth
media pH was adjusted to 7.2 with IN NaOH. For agar medium preparation, 1.5 - 2%

agar was added. Medium was sterilized by autoclaving at 121°C for 15 minutes.

2. LB with colloidal chitin medium (LBCC)
LBCC was prepared by addition of 0.5% wet weight of colloidal chitin to LB
with 1.5 - 2% agar before sterilization. LBCC agar plate was used for screening of

chimera that could hydrolyze colloidal chitin and exhibit clear zone around colony.

3. Colloidal chitin minimum medium (CCMM)
CCMM consisted of 0.5% colloidal chitin (wet weight), 0.05% yeast extract,
0.1% (NH4)2SO4, 0.03% MgS0,4.7H,0, 0.6% KH,PO, and 1% K,HPO, at pH 7.2. For
agar medium preparation, 1.5 - 2% agar was added. Medium was sterilized as

described above.

Standard commercial plasmids

Plasmid pBluescript SK™ (Stratagene) (pBS/SK") was used as a cloning vector
to construct pKKCHI60, a plasmid carrying the wild-type chi60 gene with its
endogenous promoter from Serratia sp. TU09.

Plasmid pGEM®—T Easy (Promega) was-used as cloning vector of chiB and

chimeric chitinase genes.

Molecular cloning techniques

All basic molecular; biology techniques including competent cell preparation,
transformation by electroporation, plasmid preparation, DNA amplification by
polymerase chain reaction (PCR), ligation, and agarose gel electrophoresis were

carried out using standard protocols (Sambrook and Russell, 2001).
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Plasmid construction

1. Construction of pKKCHI60
pKKCHI60 was previously constructed by Kamontip Kuttiyawong (2001).
The PCR product of chi60 gemne with promeoter was cloned into pBS/SK™ at Psrl
restriction site and the BamHI site of pBS/SK was deleted. Thus, pKKCHI60 was

also used to express chi60 gene using its endogenous promoter.

2. Construction of pSKCatDCHI66
pSKCatDCHI66 was . previously constructed by Sanya Kudan (2004).
Catalytic domain of chi66 (catDchi66) gene was amplified by PCR and subcloned by
replacing the chi60 gene in pKKCHI60. Thus, pSKCatDCHI66 could express
catDchi66 using chi60 promoter.

3. Construction of pCHIBXK and pCHIBHX
chiB gene from S. marcescens was amplified by PCR using Taq polymerase
and ligated into pGEM-T Easy vector. Primers used for cloning of chiB were
described in table 2.1. In pCHIBXK, chiB was amplified with FchiBXhol and
RchiBKpnl, whereas, FchiBHindIIl and RchiBXhol were used to amplified chiB in
pCHIBHX. The PCR reaction conditions for chiB amplification are shown in table
2.2.
4. Construction of pCD66B
pCHIBXK was double digested with Xhol and Kpnl and digested plasmid
fragments were separated by agarose gel electrophoresis. The resulted chiB fragment
was extracted from agarose gel using Qiaquick Gel Extraction Kit. chiB was then
ligated into pSKCatDCHI66 at Xhol and Kpnl sites which resulted in a plasmid
consisted of catDchi66 gene followed by chiB gene at the 3’ side. Construction
scheme of pCD66B is shown in figure 2.1A.

5. Construction of pCHI60B
pCHI6O0B consisted of chi60 gene at 5° side followed by chiB gene at 3’ side.
Construction of pCHI60 was achieved the same way as pCD66B, but using different
restriction enzymes. pPCHIBHX was double digested with HindIll and Xhol and the
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resulted chiB gene was ligated to 3’ side of chi60 gene in pKKCHI60. Construction
scheme of pCHI60B is shown in figure 2.1B.

Construction of chimeric chitinase

The diagrams for construction of chimeric chitinases are shown in figure 2.2

1. Chimeric chitinase of CatDChi66 and ChiB: HRCD66B

pCD66B was double digested with Bg/II and EcoRV which removes a small
DNA fragment of catDchi66 and chiB resulting in linearized plasmid with deletion of
C-terminal of CatDChi66 and N-terminal of ChiB. coding sequences. Linearized
plasmid was purified using Qiaquick Gel Extraction Kit and transformed into E. coli

JC8679 by electroporation. The chimeras were screened by the following methods.

1.1. Screening on LB agar plate with ampicillin

Transformants were cultured on LB agar plate containing 100 pg/ml
ampicillin and incubate at 37°C for 12-16 hours. The forming colonies were picked
up and cultured on LB broth containing 100 pg/ml ampicillin for plasmid preparation.
Plasmids containing chimeric gene were linearized with Kpnl and analyzed on

agarose gel electrophoresis.

1.2 Screening with CCMM broth with ampicillin
Aliquots of 50 pl from 1 ml transformants were cultured in 3 ml
CCMM broth containing 100 pg/ml ampicillin and incubate at 37°C in incubator
shaker at 250 rpm. The cultures were observed.for 3 days and chimeras that could

grow.on CCMM were collected and plasmid extracted.

2. Chimeric chitinase of Chi60 and ChiB: HRCHI60B
pCHI60B was double digested with BstZ171 and Hindlll, which cut small.3’
of chi60 and 5° of chiB, resulting in linearized plasmid with two knockout' genes.
Linearized plasmid was purified using Qiaquick Gel Extraction Kit and transformed
into E. coli JC8679 by electroporation and the chimeras were screened by the

following methods. Screening of chimeric chitinase gene was done under the same
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Figure 2.2 Chimeric plasmids construction diagrams of pHRCD66B and
pHRCHI60B
Chimeric plasmids construction diagrams of pHRCD66B (A) and pHRCHI60B (B)
are displayed.
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methods as chimeric HRCD66B screening. Chimeric gene size of pHRCHI60B was

checked by digesting with NorI and Xhol.

Sequence analysis of chimeric chitinase

Chimeric chitinase “genes were sent to 1 BASE Pte. Ltd. for nucleotide
sequencing. The gene-sequences were then translated to amino acid sequences using
EMBOSS Transeq program. The deduced amino acid sequence was sent to HHpred
interactive server (Soding, Biegert and Lupas, 2005) for tertiary structure prediction

by homology medeling.

Expression of chimerie chitinase

pHRCD66B and pHRCHI60B were transformed into E. coli DHS5a and/or E.
coli Origami(DE3) by electroporation. Transformant cultures were then spread on LB
agar plate containing 100 pg/ml ampicillin and incubate at 37°C for 12-16 hours.
Single colony of each chimera was picked and cultured in LB broth containing 100
pg/ml ampicillin and incubated at 37°C for 12-16 hours to be used as starter culture.
Starter culture was diluted to 1:100 into 100 ml of LB containing 100 pg/ml
ampicillin in 250 ml Erlenmeyer flask and the culture was incubated at 37°C in
incubator shaker for chitinase production. The enzyme in supernatant was collected
by centrifugation at 5,000 g for 10 minutes at 4°C. Crude enzyme of selected
chimeras were. analyzed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS<PAGE) using 10% of acrylamide gel (Weber and Osborn,
1969). Sample solution of ‘enzyme were denatured by heating at 100°C for 5 minutes
in Ix sample loading dye containing 15% (w/v) sucrose;2.5% (w/v) SDS, 125 mM
Tris-HCI (pH 6.7), 15% (v/v) B-mereaptoethanol and 0.01% (w/v) Bromophenol blue.
Electrophoresis was performed  at a constant current of 15 mA per gel. . After
electrophoresis, proteins were stained with 0.25% Coomassie Brilliant Blue R-250 at

room temperature for one hour and then destained with a mixture of 10% (v/v) acetic

acid and 25% (v/v) methanol.
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Chitinase activity assay

1. Determination of chitinase activity by measuring reducing sugar

Chitinase activity was assayed as described by Imoto and Yagishita (1971).
Reducing sugar produced from a chitinolytic reaction was measured by colorimethod
using ferricyanide solution as color reagent. Ferricyanide reagent was made by
dissolving 0.5 g of potassium ferric cyanide in1 liter of 1.5 M Na,CO3 and standard
curve of 0, 0.05, 0.1, 0.15, 0.2,.0.25, 0.3 and 0.35 umol NAG was constructed. Seven
hundred and fifty microliters of reaction mixture consisted of 1 mg/ml of colloidal
chitin or PNAC.and the desired amount of enzyme in 0.1 M of appropriated buffer
was incubated at.37°C for 30 minutes. The reaction was stopped by adding 1 ml
ferricyanide reagent.and heat to 100°C for 15 minutes. Small particles were removed
from the mixture by centrifugation-at 5,000 g for 10 minutes. The absorbance of the
sample (A1) at 420.nm was measured by a spectrophotometer using distilled water for
baseline setting. Denatured enzyme was used instead of the enzyme in the reaction to
obtain blank value (AO). The difference between A0 and Al (AA) was used to
estimate the amount of N- acetylglucosamine from standard curve. One unit (U) of
enzyme activity was defined as the amount of an enzyme that hydrolyzed chitin and

produced 1 pmol of reducing sugar product per minute.

2. Determination of chitinase activity by thin layer chromatography (TLC)

The products from chitinolytic reaction with trimer (NAGs3) and tetramer
(NAGy) of chitoolgosaccharides as substrates were analyzed by silica-thin layer
chromatography (TLC). The reaction mixture was applied to an activated charcoal
column. " The column was washed 3" times with water for salt elimination and the
degradation product was eluted by.60% ethanol. The eluted mixture was dried at 60°C
and the degradation products were.dissolved in water. The desalted mixtures were
chromatographed on-silica gel plate with a solvent. system consisted of isopropanol-
ethanol-water (5: 2: 1[v/v/v])and TLC plates were run twice. The product were
detected by dipping the plate in aniline-diphenylamine reagent (4 ml of aniline, 4 g of
diphenylamine, 200 ml of acetone and 20 ml of 85% phosphoric acid) and baking it at
130 °C for 3 min (Tanaka et al., 1999).
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Mutation mediated by ultraviolet radiation of HRCD66B1

pHRCDG66B1 was transformed into E. coli DH5a by electroporation and 100 pl

aliquots were spread on 6 plates of CC

Cultured plates were then radiated with r 0, 5, 10, 30, 50, and 80 seconds by
using GS Gene linker UV’ chamber. Re . we incubated at 37°C for 12-16
hours. Colonies formed w;__} yzed by ___Mservation and expressed for
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CHAPTER III

RESULTS

Plasmid construction

1. Construction of pCD66B

pCD66B was constructed as previously described, chiB gene was ligated into
3’ side of catDchi66.gene in pSKCatDCHI66. Firstly, pSKCatDCHI66 was extracted
and digested with Neol, BamHI, Ncol+BamHI, Pstl, Xhol and Kpnl. The digested
fragments size were checked by agarose gel electrophoresis based on restriction map
deduced from known sequences shown in figure 3.1A. pCHIBXK was also checked
based on sequences of chiB from 'S. marcescens (figure 3.1B) by digestion with
EcoRl, EcoRI+BamHlI, and Xhol+Kpnl. The digested product pattern separated by
agarose gel electrophoresis of pSKCatDChi66 and pCHIBXK are shown in figure 3.2
and figure 3.3, respectively. Next, pCHIBHXK was double digested with Xhol and
Kpnl and the resulted chiB was ligated into the Xhol/Kpnl-double digested
pSKCatDChi66 using 3:1 (insert:vector) molar ratio. Finally, ligation reaction was
transformed into E. coli Topl0 and pCD66B was extracted. This plasmid was mapped
by digestion with Xhol+ Kpnl, Ncol+ BamHI, EcoRV, Bglll and EcoRV+ Bglll. The
digestion pattern separated by agarose gel electrophoresis and the restriction map of

pCD66B is shown in figure 3.4.

2. Construction of pCHI60B

Similarly to pCD66B, pKKCHI60 was extracted and digested with Pszl. The
digested fragments size were analyzed by agarose gel electrophoresis based on
restriction map deduced from known sequences shown. in figure 3.5A. pCHIBHX was
also checked . based on sequences of chiB from S. marcescens (figure 3.5B) by
digestion with Hindlll+Xhol, EcoRV+ Sall, Pstl and EcoRI+BamHI. The digestion
pattern separated by agarose gel electrophoresis of pKKCHI60 and pCHIBHX are
shown in figure 3.6 and figure 3.7, respectively. pCHIBHX was then double digested
with HindIll+ Xhol and chiB fragment was ligated into the HindIIl/Xhol-double
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Kpnl - 657 - G_GTAC'C
Xhol - 668 - C'TCGA G
BamHI - 707 - G'GATC_C
Psil - 717 - C_TGCA'G

Pse] - 1069 - C TGCA'G

PsiI - 1382 - C TGCA'G

Neol - 2077 - C'CATG G
Psel - 2410 - C_ TGCA'G N

B

EcoRI - 4529 - G'AATT ¢Xhol-4-CTCGA G
r BamHI - 197 - G'GATC_C

BuasHT - 1016 - G'GATC C

pCHIBXK
4537 bp

Kpul - 1518 - G GTAC'C
EcoRI - 1332 - G'AATT C

Figure 3.1 Restriction maps of pSKCatDCHI66 and pCHIBXK
Some of the restriction sites found in pSKCatDCHI66 (A) and pCHIBXK (B) are

shown. This restriction map was generated by pPDRAW32 version 1.1.106 program.
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23.1kb
9.4 kb 23.1kb —
6.5 kb
4.3 kb 94 kb =
23 kb 6.5 kb =—
2.0 kb 4.3 kb =
2.3Kkb ——
2.0 kb =
0.7% Agarose 0.7% Agarose

Figure 3.2 Restriction map of pSKCatDCHI66
Agarose gel electrophoresis analysis of single and double digested pSKCatDCHI66

with various restriction.enzymes

Lane 1l MHindlI marker Lane 6 pSKCatDCHI66/ Kpnl
Lane 2. pSKCatDCHI66 Lane 7 pSKCatDCHI66/ Pstl
Lane 3 pSKCatDCHI661/ BamHI Lane 8 A\/HindIll marker
Lane 4 pSKCatDCHI66/ Nceol Lane 7. pSKCatDCHI66

Lane 5 pSKCatDCHI66/ Ncol+ BamHL @ Lane 10 pSKCatDCHI66/ Xhol
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23.1 kb

23.1kb 9.4 kb

9.4 kb N

6.5 kb 4.3 kb
4.3 kb

2.3 kb

2.3kb 2.0 kb
2.0 kb

0.7% Agarose 1% Agarose

Figure 3.3 Restriction map of pCHIBXK
Agarose gel electrophoresis analysis of single and double digested pCHIBXK with

various restriction enzymes

Lane 1 A/HindIlll marker Lane 5 A/HindIIl marker
Lane 2 pCHIBXK Lane 6 pCHIBXK
Lane3 pCHIBXK/ EcoRI Lane 2. pCHIBXK/ Xhol+Kpnl

Lane 4 pCHIBXK/ EcoRI+BamHI
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23.1kb
9.4 kb
6.5 kb
2.3kb 622 bp
2.0 kb 527 bp
404 bp
307 bp
180 bp
160 bp

1% Agarose 1.8% Agarose

Figure 3.4 Restriction map of pCD66B
Agarose gel electrophoresis analysis of single and double digested pCD66B with

various restriction enzymes

Lane'l XHindI marker Lane 6 pCD66B/ EcoRV

Lane 2 pCD66B Lane 7 pCD66B/ Bglll

Lane'3 pCD66B/ Xhol+ Kpnl Lane 8 pCD66B/ EcoRV+ Bglll
Lane 4 pCD66B/ Ncol+ BamHI Lane 9 pCD66B/ EcoRV+ Bglll

Lane 5 A/Hindlll marker Lane 10 pBR322/ Mspl marker
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Pl - 711 - C_ TGCA'G

pKKCHI60
5802 bp

PsA - 2323 - C_TGCA'G

Pl - 2584 - C TGCA'G
Psel - 2867 - C TGCA'G

Pstl - 3552 - C_TGCA'G

B Sell - 18 - G'TCGA C
Psfl - 28 - C TGCA'G

EcoRI- 38 ZG'AATT C
Xhol - 57 - C'TCGA G

EcoRI - 4582 - GTAATT C

Psil - 518 - C TGCA'G
Bam:HI - 554 - G'GATC C

Sall - 760 - G'TCGA C

Psfl - 1091 - C TGCA'G

pCHIBHX
4590 bp

BamHI - 1373 - G'GATC C
EeoRV - 1404 - GAT'ATC
findIII - 1567 - ATAGCT T
EcoRI - 1585 - G"AATT C
PsAI - 1603 - C_ TGCA'G

Sail - 1605 - G'TCGA C

Figure 3.5 Restriction maps of pKKCHI66 and pCHIBHX

Some of the restriction sites found in pSKCatDCHI66 (A) and pCHIBXK (B) are

shown. This restriction map was generated by pPDRAW32 version 1.1.106 program.
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23.1kb
9.4 kb
6.5 kb

4.3 kb

2.3 kb
2.0 kb

0.7% Agarose

Figure 3.6 Restriction map of pKKCHI60
Agarose gel electrophoresis analysis of single and double digested pKKCHI60 with
various restriction enzymes

Lane 1 'A/HindIll marker

Lane 2 pKKCHI60

Lane 3 pKKCHI60/ Pstl
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23.1 kb
9.4 kb
6.5 kb
4.3 kb

2.3 kb
2.0 kb

622 bp
527 bp
404 bp
307 bp

180 bp

0.7% Agarose

Figure 3.7 Restriction map of pCHIBHX

Agarose gel electrophoresis analysis of single and double digested pCHIBHX with

various restriction enzymes

Lane I MHindIll marker

Lane2' PCR product of chiB
Lane 3 pCHIBHX/ HindllI+Xhol
Lane 4 pCHIBHX/ EcoRV+ Sall
Lane 5 pCHIBHX/ Pstl

Lane 6 pBR322/ Mspl marker
Lane 7 M HindIIl marker

Lane 8 pCHIBHX

Lane 9 pCHIBHX/ HindIlI+Xhol
Lane 10 pCHIBHX/ EcoRI1+BamHI
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digested pKKCHI60 using 3:1 (insert:vector) molar ratio. Ligation reaction was
finally transformed into E. coli Topl0. The resulted pCHI60B was extracted. This
plasmid was mapped by digestion with HindIll+Xhol and Notl+Xhol. The digestion
pattern separated by agarose gel electrophoresis and the restriction map of pCHI60B

is shown in figure 3.8.

Construction and expression of HRCD66B

1. Construction of HRCD66B
pCD66B was double digested with Bglll and EcoRV and linearized plasmid
was purified using Qiaquick Gel - Extraction Kit. The digested pCD66B was
transformed into E. coli JC8679 by electroporation and screened by the following
methods.
1.1 HRCD66B screening from LB agar plate with ampicillin

One milliliter of transformants culture was spread on LB agar plate
containing 100 pg/ml ampicillin' and incubated at 37°C for 12-16 hours. The result
showed that there were 39 colonies formed on agar plate. Each colony was picked and
plasmid was extracted. Figure 3.9 shows the agarose gel electrophoresis of extracted
plasmids that were digested with Kpnl and loaded along with the undigested ones.
From the result, there were 12 colonies that contained plasmid of 4.7-6.3 kb in size.
These plasmids which were from colony 1, 5, 10, 17, 20, 24,26, 31, 32, 33, 35, and
38, were designated as pHRCD66B1-12.

This screening was repeated and 86 forming colonies were observed.
Plasmids were extracted and linearized with Kpnl as shown in Figure 3.10. From
these results, we observed only 8 more colonies from colony number 7, 23,25, 40, 43,
58, 67 and 77 with plasmid size between 4.9-6.3 kb which designated as
pHRCD66B13-20.

1.2 HRCD66B screening from CCMM broth with ampicillin
E. coli Topl0 with pCD66B and pBS/SK™ were used as positive and
negative control, respectively. Aliquots of 100 ul from 1 ml transformants were
cultured into 12 tubes of 3 ml CCMM broth containing 100 pg/ml ampicillin and

incubate at 37°C in incubator shaker at 250 rpm. The cultures were observed for 3
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23.1kb

9.4 kb
6.5 kb

2.3kb
2.0 kb

0.7% Agarose 0.7% Agarose

Figure 3.8 Restriction map of pCHI60B
Agarose gel electrophoresis analysis of single and double digested pKKCHI60 with
various restriction enzymes

Lane 1) MHindlII marker

Lane 2 pCHI60B

Lane 3 pCHI60B/ Hindlll+Xhol

Lane 4 \/HindIlll marker

Lane 5 pCHI60B

Lane 6 pCHI60B/ Nofl+Xhol



48

23.1 kb 23.1 kb
9.4 kb 9.4 kb
6.5 kb 6.5 kb
4.3 kb 4.3 kb
2.3 kb 2.3kb

Figure 3.9 Agarose gel electrophoresis analysis of plasmids extracted from
colony 1, 18, 22 and 12 of transformants of pCD66B that were first screened by
LB agar plate with ampicillin
Plasmids extracted from colony 1, 18, 22 and 12 are representatives of normal
plasmid, too large plasmid, too small plasmid and unidentified plasmid, respectively.

Lanes M contain A/HindIll marker.

Lane I Plasmid from colonyl

Lane 2 Plasmid from colonyl/ Kpnl

Lane 3 .Plasmid from colony8

Lane 4 Plasmid from colony8/ Kpnl

Lane 5 Plasmid from colony22

Lane 6 Plasmid from colony22/ Kpnl

Lane 7 Plasmid from colony12

Lane 8 Plasmid from colony12/ Kpnl
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days and found that there were 2 chimeras that could grow on CCMM. Plasmids of
these two were extracted and digested with Ncol and Kpnl. Figure 3.10 shows agarose
gel electrophoresis of these two plasmids which indicated that one plasmid has

appropriated size and designated as pHRCD66BM1.

2. Sequences analysis of pHRCD66B

pHRCD66B61-29 and pHRCD66BMI1-were double digested with Ncol and
Kpnl which cleaved at start codon of catDchi66 and stop codon of chiB, respectively.
Chimeric chitinase gene size was observed by agarose gel electrophoresis and found
that pHRCD66B4,7, 11,/12,.and 18 were pCD66B which were further confirmed by
EcoRYV digestion as shown in as shown in figure 3.11. Other chimeras of pHRCD66B
were sequenced. Sequences of each chimera were aligned using ClustalW2 program
and found that there were 6 individuals with chimeric gene size of 1.34, 1.57, 1.65,
1.67, 1.68 and 1.76 kb as shown in table 3.1. Figure 3.12 shows nucleotide sequences
alignment of chimeric chitinases gene from pHRCD66B. Nucleotide sequences of
pHRCDG66BI, 2, 5, 6, 15 and M1 were analyzed to find recombining site by using
basic local alignment search tool (BLAST). Figure 3.13 shows the graphical view of
recombination site between catDchi66 and chiB of each chimera. Gene sequences
were then translated to amino acid sequences using EMBOSS Transeq program which
showed that pHRCD66B2 and pHRCD66BS had single base frameshift and could not
translate through the entire gene. HRCD66B1, 6, 15 and HRCD66BM1 were chosen
to be representatives of chimeric chitinases encoding from 1.67, 1.68, 1.34 and 1.76
kb coding sequences, respectively. Amino acid sequences were also sent to BLAST to
find recombining regions. Recombined regions obtained from nucleotide blast and
protein blast of HRCD66B1, 6, 15 and HRCD66BM | are shown in figure 3.14, 3.15,
3.16 and 3.17.

3. Three dimensional structure prediction ‘'of HRCD66B1, HRCD66B6,
HRCD66B15 and HRCD66BM1
Amino acid sequences of HRCD66B1, HRCD66B6, HRCD66B15 and
HRCD66BM1 were sent to HHpred interactive server for structure prediction.
Predicted 3D structure of HRCD66B1, HRCD66B6, HRCD66B15 and HRCD66BM1
and visualized by Rasmol version 2.7.4.2 as shown in figure 3.18, 3.19, 3.20 and 3.21
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Figure 3.10 Agarose gel electrophoresis analysis of plasmids extracted from
pCD66B transformants that were screened on CCMM broth with ampicillin
Lane 1+ AM/HindIIl marker
Lane 2 Plasmid from culture tube 1
Lane 3 Plasmid from culture tube 1/ Ncol+ Kpnl
Lane 4 Plasmid from culture tube 2

Lane 5 Plasmid from culture tube 2/ Neol+ Kpnl

*Plasmid from tube 1 was designated as pHRCD66BMI.
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Figure 3.11 Agarose gel electrophoresis analysis of pHRCD66B4, 7, 11, 12, and
18 digested with EcoRV

Lane 1 A/HindIIl marker

Lane 2 pCD66B/ EcoRV

Lane 3 pHRCD66B4/ EcoRV

Lane 4  pHRCD66B7/ EcoRV

Lane 5 pHRCD66B11/ EcoRV.

Lane 6 pHRCDO66B12/ EcoRV

Lane 7 pHRCD66B18/ EcoRV

Lane 8" A/HindIIl marker
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hrcd66B10 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTTTITTCGTITTITTCTTICATTTITTGTT 60
hrcd66B20 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTTTITTCGTITTITTCTTICATTTITTGTT 60
hrcd66B9 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTITITICGTITTITTITCTITICATTITITIGTIT 60
hrcd66B1 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTTTTTCGTTTITTICTTTCATTTTTGTT 60
hrcd66B3 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTTTTTCGTTTITTICTTTCATTTTTGTT 60
hrcd66B15 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTITITICGTITTITTITCTITICATTITITIGTIT 60
hrcd66B19 ATGGAAATCGTGTTGATCAACAAAAGCAAAAAGTTTTTCGTTTITTICTTTCATTTTTGTT 60
hrcd66B13 ATGAAAATCGTGTTGATCAACAAAAGCAAAAAGTITTTICGTITTITTITCTITICATTITITIGTIT 60
hrcd66B14 ATGAAAATCGTGTTGATCAACAAAAGCAAAAAGTTTEITCGTTTITTICTTTCATTTTTGTT 60
hrcd66B17 ATGAAAATCGTGTTGATCAACAAAAGCAAAAAGTITTTICGTITITTTICTITICATTITITIGTIT 60
hrcd66B16 ATGAAAATCGTGTIGATCAACAAAAGCAAAAAGTTITIICGTTTETTCTTTCATTTTITGTT 60
hrcd66B5 ATGAAAATCGIGITGATCAACAAAAGCAAAAAGTITITTCGITITITICTITTICATTITITIGTIT 60
hrcd66B6 ATGAAAATCGTGTTIGATCAACAAAAGCAAAAAGTTTITCGTIITITICTITCATTTTITGTT 60
hrcd66B8 ATGAAAATCGTGTIGATCAACAAAAGCAAAAAGTTTITCGTITITTCTITCATTTTITGTT 60
hrcd66Bml ATGGAAATCGTIGTTGATCAACAAAAGCAAAAAGTTTTTICGITTITTICTITTCATTTTIGTIT 60
hrcd66B2 ATGAAAATCGTGTTGATCAACAAAAGCAAAAAGTTITTICGTTTITTCITTCATTTTITGTT 60

Khkk kK kA kA kA hK kA kK h Ak hhkhkkhkkhkkhhkhhhkhkhhhrxhkhhxhkhkkkkhkk Kk *k**

hrcd66B10 ATGATGCTGAGCETCTCATTTGTGAATGGGCAAGTIGCAAAAGCCGATTCCGGARAAAAC 120
hrcd66B20 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGARAAAAC 120
hrcd66B9 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B1 ATGATGCTGAGECTCTCATITGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGARAAAAC 120
hrcd66B3 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGARARAAAC 120
hrcd66B15 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B19 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B13 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGARAAAAC 120
hrcd66B14 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B17 ATGATGCTGAGCCTICTCATTTGTGAATGGGGAAGTIGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66Bl6 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B5 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B6 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTIGCAAAAGCCGATTCCGGARAAAAC 120
hrcd66B8 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66Bml ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATTCCGGAAAAAAC 120
hrcd66B2 ATGATGCTGAGCCTCTCATTTGTGAATGGGGAAGTTGCAAAAGCCGATICCGGAAAAAAC 120

KA Ak Ak A kA kA kA kA kA kA kA hkk kA hkh kA hhhkhhhkhhhhhhhhhhhkhkh Kk &k Kk %K

hrcd66B10 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTTCAAGTTITGE 180
hrcd66B20 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTTCAAGTTTGG 180
hrcd66B9 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTTCAAGTTTGG 180
hrcd66B1 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTITCAAGTITGG 180
hrcd66B3 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTTCAAGTTTGG 180
hrcd66B15 TATAARAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTITCAAGTTITGG 180
hrcd66B19 TATAAAATCATCGGCTACTATCCATCATGEGEGTGCTTATGGAAGEGGATTITCAAGTTTGG 180
hrcd66B13 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTICAAGTTTGG 480
hrcd66B14 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTITCAAGTTTGEG 180
hrcd66B17 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTITCAAGTTITGG 180
hrcd66B16 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTITCAAGTTITGG 180
hrcd66B5 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTTICAAGTTTGG 180
hrcd66B6 TATARAATCATCGGCTACTATCCATCATGEGGTGCTTATGGAAGGGATTTTCAAGTTTIGG 180
hrcd66B3 TATAAAATCATCGGCTACTATCCATCATGEGGTGCITATGGAAGGGATTTTCAAGTTIGG 180
hred66Bml TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTITCAAGTTIGG 180
hrcd66B2 TATAAAATCATCGGCTACTATCCATCATGGGGTGCTTATGGAAGGGATTTTCAAGTTTGG 180

Kk Kk K kA kR kA kA kA kA kA kA kA kA kA kA hkhkhhhhhkhkhkhhhhkhhkhkhkh Kk h Kk * Kk

Figure 3.12 Nucleotide sequence alignment of chimeric chitinase genes of
pHRCD66B: hrcd66B
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hrcd66B10 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B20 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTIGCTGGGAG 240
hrcd66B9 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B1 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B3 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B15 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B19 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B13 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTTTGCTGATATTTGCTGGGAG 240
hrcd66B14 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTITGCTGATATTTGCTGGGAG 240
hrcd66B17 GATATGGACGTTTCGAAAGTICAGCCACATTAATTATGECCTTTGCTGATATTTGCTGGGAG 240
hrcd66B16 GATATGGACGTTTICGAAAGTICAGCCACATTAATIATGECTTITGCTGATATTTGCTGGGAG 240
hrcd66B5 GATATGGAGGITTCGAAAGTCAGCCACATTAATTATGECTTTGCTGATATTTGCTGGGAG 240
hrcd66B6 GATATGGACGTITTICGAAAGTICAGCCACATTAATTATGCCTITGCTGATATTTGCTGGGAG 240
hrcd66B8 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTETGCTGATATTIGCTGGGAG 240
hrcd66Bml GATATGGACGTTTCGAARGTCAGCCACATTAATTATGCCTITGCTGATATTTGCTGGGAG 240
hrcd66B2 GATATGGACGTTTCGAAAGTCAGCCACATTAATTATGCCTITGCTGATATTIGCTGGGAG 240
kK Kok ko K ok ok kK Kk ok kK ok ok kKK ko Kk ok ok kK ok ok ok kK k ok ok K ok ok Rk ok ko Kk ok kR k ok ok Kk ko
hrcd66B10 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B20 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B9 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCARTCCTCAAACGIGGTCATGCCAGGAT 300
hrcd66B1 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGETCATGCCAGGAT 300
hrcd66B3 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B15 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B19 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGETCATGCCAGGAT 300
hrcd66B13 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B14 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B17 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66Bl6 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGEGTCATGCCAGGAT 300
hrcd66B5 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B6 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B8 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66Bml GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
hrcd66B2 GGAAGGCATGGAAACCCTGATCCGACAGGCCCCAATCCTCAAACGTGGTCATGCCAGGAT 300
ok ok k ko Kk ok ok ok Kk ok ok Kk ok ok Kk ok ok K ok ok kK ok ok ok kK ok ok ok Kk k ok Kk ok ok ok kK k ok ok Kk Kk Kk Kk
hrcd66B10 GARAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTIGGATTIGAC 360
hrcd66B20 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B9 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B1 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATIGAC 360
hrcd66B3 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B15 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B19 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGEGEGATCCCTGGATTGAC 360
hrcd66B13 GARAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 860
hrcd66B14 GAAAACGGAGTGATCGACGCGCCARATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B17 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B16 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B5 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B6 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B3 GAAAACGGAGIGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hred66Bml GAAAACGGAGTIGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360
hrcd66B2 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360

Kk Kk K kA kR kA kA kA kA kA kA kA kA kA kA hkhkhhhhhkhkhkhhhhkhhkhkhkh Kk h Kk * Kk

Figure 3.12 Nucleotide sequence alignment of chimeric chitinase genes of
pHRCD66B: hrcd66B (continued)
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hrcd66B10 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B20 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B9 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B1 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B3 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B15 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B19 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B13 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B14 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B17 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACEGATCEGCGGCAACTTTAAACAA 420
hrcd66B16 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGEEGC———————————— 408
hrcd66B5 GCACAAAAGTICAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B6 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B8 GCACAAAAGTCAAATCCEGGGGATGTCTGGGATGAACCCGATCCGCGGCAACTTTAAACAA 420
hrcd66Bml GCACAAAAGTCAAATCECGGGEATGTCTGGGATGAACCGATCCGCGGCAACTTTAAACAA 420
hrcd66B2 GCACAAAAGTEAAATCCCGGGGATGTCTGGGATGAACCCGATCCGCGGCAACTTTAAACAA 420
kK Kok ko K ok ok kK Kk ok K K ok ok kKK ki Kk ok ok ok ok ok ok ok ok Kk k ok Kk ok Rk ok kK K

hrcd66B10 TTGTEGAAGCTGAAAAAGAGCCACCCTCATTTGAARACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B20 TTGTTGAAGCTGAAAAAGAGCCACCCTICATTTGAAAACGTTCATATCGGICGGGGGGTGG 480
hrcd66B9 TTGTTGAAGCTGAAAAAGAGCCACCCICATTIGARAACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B1 TTGTIGAAGCTGAAAAAGAGCCACCCTCATTTGAAAACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B3 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTIGAAAACGTTCATATCGGICGGGGGGTGG 480
hrcd66B15 TTGTTGAAGCTGARAAAGAGECACCCTCATTTGAAAACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B19 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAAACGTTCATATCEGTCGGGGGGTGG 480
hrcd66B13 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAAACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B14 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAARACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B17 TTGTTGAAGCTGAAAAAGAGCCAGCCTCATTTGAAAACGTTCATATCGGTCGGGGGGTGG 480
hrcd66Bl6  ————— S ————— R e, — — —— — — S ————————————

hrcd66B5 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAAACGTTICATATCGGTCGGGGGGTGG 480
hrcd66B6 TTGTTGAAGCTGAAARAGAGCCACCCTCATTTGAARACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B8 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAARACGTTCATATCGGTCGGGGGGTGG 480
hrcd66Bml TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAARACGTTCATATCGGTCGGGGGGTGG 480
hrcd66B2 TTGTTGAAGCTGAAAAAGAGCCACCCTCATTTGAAAACGTTCATATCGGICGGGGGGTGG 480
hrcd66B10 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTICGCC 540
hrcd66B20 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTICGCC 540
hrcd66B9 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B1 ACTIGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B3 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B15 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B19 ACTTGGTCTAACCGCTT TTCAGATGTCGEGGCAGATCCTGCGGCAAGGGAGAATTTICGCC 540
hrcd66B13 ACTIGGTCTAACCGCTITTCAGATGTCGCGGCAGATCCIGCGGCARGGGAGAATTTCGEC 540
hrcd66B14 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGEC 540
hrcd66B17 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B16 W & ——————m

hrcd66B5 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B6 ACITGGICTAACCGCTTTICAGATGTCGCEGCAGATCCTGCGGCAAGGGAGAATTTICGCC 540
hrcd66B3 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hred66Bml ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540
hrcd66B2 ACTTGGTCTAACCGCTTTTCAGATGTCGCGGCAGATCCTGCGGCAAGGGAGAATTTCGCC 540

Figure 3.12 Nucleotide sequence alignment of chimeric chitinase genes of
pHRCD66B: hrcd66B (continued)
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hrcd66B10 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAG 600
hrcd66B20 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAG 600
hrcd66B9 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTITTGACGGGGTCGATCTTGACTGGGAG 600
hrcd66B1 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAG 600
hrcd66B3 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAA 600
hrcd66B15 GCTTCGGCCGTTGAGTITTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAA 600
hrcd66B19 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAA 600
hrcd66B13 GCTTCGGCCGTTGAGTITTTTAAGGAAATACGEGTITTGACGGGGTCGATCTTGACTGGGAG 600
hrcd66B14 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAG 600
hrcd66B17 GCTTCGGCCGTTGAGITITTAAGGAAATACGGGITTGACGGCGTGGACATCGACTGGGAG 600
hrcd66Ble  —————————— R e e —————— g g g —————————————

hrcd66B5 GCTTCGGCEGITGAGTTTTTAAGGAAATACGGGTTIGACGGGGICGATCTTGACTGGGAA 600
hrcd66B6 GCTTCGGCCGTITGAGITITTAAGGAAATACGGGTTIGACGGGGTCGATCTITGACTGGGAA 600
hrcd66B8 GCTTCGGCCGTTGAGTITFPTTAAGGAAATACGGGTTIGACGGGGTCGATCTITGACTGGGAA 600
hrcd66Bml GCTTCGGCCGTTGAGTIITTTAAGGAAATACGGGTTTGACGGGGICGATCTTGACTGGGAA 600
hrcd66B2 GCTTCGGCCGTTGAGTETTTAAGGAAATACGGGTTTGACGGGGTCGATICTTGACTGGGAA 600
hrcd66B10 TATCCGCAGGCGGCGGAARGTEGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCT—~ 658
hrcd66B20 TATCCGCAGGCGGCGEAAGTGGACGGTITTCATCGCCGCGCTGCAGGAGATCCGCACCT -~ 658
hrcd66B9 TATCCGCAGGCGGEGGAAGTGGACGGITTCATCGCCGCGCTGCAGEGAGATCCGCACCT-—~ 658
hrcd66B1 TATCCGECAGGCGGCGGAAGTGGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCT—~ 658
hrcd66B3 TATCCGCAGGCGGCGGAAGTGGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCT-—- 658
hrcd66B15 TATCCGCAGGCGGEGGAAGTGGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCT—~ 658
hrcd66B19 TATCCGCAGGCGGCGGAAGTGGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCT-— 658
hrcd66B13 TATCCGCAGGCGGCGGAAGTGGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCT-~ 658
hrcd66B14 TATCCGCAGECGGCGGAAGTGGACGETTTCATCGCCGCGCTGCAGGAGATCCGCACCT-~ 658
hrcd66B17 TATCCGCAGGCGGCEGGAAGTGGAGGGTTTCATCECCGCGCTGCAGGAGATCCGCACCT-—~ 658
hrcd66Bl6  ————— S ————— R e, — — —— — — S ————————————

hrcd66B5 TATCCG——— g —— g e, —— — e ——————————— 606
hrcd66B6 TATCCGGTCAGCGGAGGATTGCCGGGGAACAGCACACGTCCGGAAGATAAAAGAAACTAC 660
hrcd66B8 TATCCGGTCAGCGGAGGATTGCCGGGGAACAGCACACCTCCGGAAGATAAAAGAAACTAC 660
hrcd66Bml TATCCGGTCAGCGGAGGATTGCCGGGGAACAGCACACGTCCGGAAGATAAAAGAAACTAC 660
hrcd66B2 TATCCGGTCAGCGGAGGATTGCCGGGGAACAGCACACGTCCGGAAGATAAAAGAAACTAC 660
hrcd66B10 ~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTGACCA- 715
hrcd66B20 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTGACCA- 715
hrcd66B9 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTGACCA- 715
hrcd66B1 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTIGACCA~ 715
hrcd66B3 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTGACCA- 715
hrcd66B15 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGBCGITGCCGTATCAGCTGACCA~ 715
hrcd66B19 -~ TGETGAACCAGCAAACCAT -CGEGGACBECEGCCAGGCGTTGCEGTATCAGETGACECA~ 715
hrcd66B13 ~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGEGTTGCCGTATCAGCTGACCA- 715
hrcd66B14 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTGACCA- 715
hrcd66B17 —~TGCTGAACCAGCAAACCAT-CGCGGACGGCCGCCAGGCGTTGCCGTATCAGCTGACCA~ 715
hrcd66B16 W & ——————m

hrcd66B5 =~ @ GTCAGCGGAGGA- 618
hrcd66B6 ACGCTGETCCTGCAAGAGGTGCGCAAAAAACTTGACGCTGCAGARGCAARAAGACGGCAAG 720
hrcd66B3 ACGCTGCTCCTGCAAGAGGTGCGCAAAAAACTTGACGCTGCAGAAGCARAAGACGGCAAG 720
hred66Bmil ACGCTGCTCCIGCAAGAGGIGCGCAAAAAACTTGACGCTGCAGAAGCARAAGACGGCAAG 7120
hrcd66B2 ACGCTGCTCCTGCAAGAGGTGCGCAAAAAACTTGACGCTGCAGAAGCAAAAGACGGCAAG 720

Figure 3.12 Nucleotide sequence alignment of chimeric chitinase genes of
pHRCD66B: hrcd66B (continued)
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hrcd66B10 ---TCGCCGGCGCCGGCGGCGCCTTCTTCCTGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B20 ~--TCGCCGGCGCCGGCGGCGCCTTCTTCCTGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B9 ———TCGCCGGCGCCGGCGGCGCCTTCTTCCTGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B1 ---TCGCCGGCGCCGGCGGCGCCTTCTTCCTGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B3 ---TCGCCGGCGCCGGCGGCGCCTTCTTCCTGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B15 ———TCGCCGGCGCCGGCGGCGCCTTCTTCCTGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B19 ---TCGCCGGCGCCGGCGGCGCCTTCETCETGTCGCGCTATT ——————— ACAGCAAGCTG 765
hrcd66B13 ———TCGCCGGCGCCGGCGGEECERICTICCTETCECGCTATT ——————— ACAGCAAGCTG 765
hrcd66B14 ---TCGCCGGCGCCGGEEECEEC TICTT CCTGTEGCECTART ——————— ACAGCAAGCTG 765
hrcd66B17 ---TCGCCGGCGCCEEEGEECECETTCTICCTGTCECGETAT Im ————— ACAGCAAGCTG 765
hrcd66Bl6  ———————————meo e oo GCCITCTTCCTGTCECGETATT ——mm —— ACAGCAAGCTG 441
hrcd66B5 -——TTGCC@GEGCCEGCGEEECCTTCTTCCTGTCGCGETATT——mmmn ACAGCAAGCTG 668
hrcd66B6 GAATACTIGCIGACGATCGCATCCGGCGCAAGTCCCGATTATGTAAGCAACACTGAGCTC 780
hrcd66B8 GAATACTTGCTGACGATEECATCCGGCGCAAGTCCCGATTATGTAAGCAACACTGAGCTC 780
hrcd66Bml GAATACTTGCTGACGATCGCATCCGGCGCAAGTCCCGATTATGTAAGCAACACTGAGCTC 780
hrcd66B2 GAATACTTGCEEACGATEGCATCCEGCGAARATC ==t — S e 754
* * * ok
hrcd66B10 GCGCABATCGTCGCGCCACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 825
hrcd66B20 GEECAAATCGTCGCGECAGTCGATTACATCAACCTGATGACCTACGATCTGGCCGGECCC 825
hrcd66B9 GCGCAAATCGTCGEGCCACTEGAT TACATCAACCTGATGACCTACGATCTGGCCGGCCCC 825
hrcd66B1 GCGCARATCGTEGCGECACICGATTACATCAACCTGATGACCTACGATCTGGECEGCCCC 825
hrcd66B3 GEECAAATCGTCGCECCACTCGATTACATCAACCTGATGACCTACGATCIGGCCGGECCC 825
hrcd66B15 GCGCAAATCGTCGEGCCACTEGAT TACATCAACCTGATGACCTACGATCTGECCGGCCCC 825
hrcd66B19 GCGCAAATCGTCECGCCACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 825
hrcd66B13 GCGCAAATCGTCGCGECACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 825
hrcd66B14 GCGCAAATCETCGCECCACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 825
hrcd66B17 GCGCAAATCGTCGEGCCACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 825
hrcd66B16 GCGCAAATCGTCGCGCCACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 501
hrcd66B5 GCGCAAATCGTCGCGCCACTCGATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 728
hrcd66B6 GATAAAATCGCTCAAACCGTGGATTGGATTAACATTATGACCTACGATCTGGCCGGCCCC 840
hrcd66B8 GATAAAATCGCTCAAACCGTGGATTGGATTAACATTATGACCTACGATCTGGCCGGCCCC 840
hrcd66Bml GATAAAATCGCTCAAACCGTGGATTGGATTAACATTATGACCTATGACTTTAATGGCGGA 840
hrcd66B2  —————— GTCGCGCCACTCG=~-ATTACATCAACCTGATGACCTACGATCTGGCCGGCCCC 805
* ok k * kK *k kkk ok kkkkkhkkkk Kk * * Kk k
hrcd66B10 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC———————————=——— GCG 870
hrcd66B20 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC————————————— GCG 870
hrcd66B9 TGGGAGAAGATCACCAACCACCAGGCGGCGCTETTCGECEAC—————————=~+~ GCG 870
hrcd66B1 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC——————————dr 1 GCG 870
hrcd66B3 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC———————=—=————— GCG 870
hrcd66B15 TGGGAGAAGATEACCAACCACCAGGCGGCGCTGTTCGEEGAC ——————————————— GCG 870
hrcd66B19 TGEGAGAAGATCACCAACEACCAGGEEGEGCTET TCEEGACAC = = ——5n — =~ —== GCG 870
hrcd66B13 TGGGAGAAGATCACCAACCACCAGGCEGCEETGTTCGGEGAC ~ram ——m o = ——— GCG 870
hrcd66B14 TGEGAGAAGATCACCAACCACCAGGCEGCECTETTCEEEGAC— 2=~ == —— = ——— GCG (870
hrcd66B17 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC—————————m————— GCG 870
hrcd66B16 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC————————m = GCG 546
hrcd66B5 TGGGAGAAGATCACCAACCACCAGECGGCGCTGTTCGGCGAC————doate ————— GCG 773
hrcd66B6 TGEGAGAAGATCACCAACGACCAGECGECECTETICGECCAC— 5= —#m —=r — 7= 2 GCG 885
hrcd66B8 TGGGAGAAGATCACCAACCACCAGECGGCECTETTEECEGAC— = ———— 4= —— 4= — GCG 885
hred66Bml TGGCAAAGCATAAGCGCCCATAATGCACCCCTGTTITATGATCCARAAGCGAAAGAAGCA 900
hrcd66B2 TGGGAGAAGATCACCAACCACCAGGCGGCGCTGTTCGGCGAC—————————=—=——~ GCG 850
Kkk Kk kK K K KRk K Kk kkkkkkk o *
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hrcd66B10 GCCGGGCCGACCTT—————— CTACAACG ACTGCGC GAAGCC 906
hrcd66B20 GCCGGGCCGACCTT—————— CTACAACG------— CACTGCGC——————————— GAAGCC 906
hrcd66B9 GCCGGGCCGACCTT—————— CTACAACG——————— CACTGCGC——————————— GAAGCC 906
hrcd66B1 GCCGGGCCGACCTT—————— CTACAACG------— CACTGCGC-—————————— GAAGCC 906
hrcd66B3 GCCGGGCCGACCTT—————— CTACAACG------— CACTGCGC-—————————— GAAGCC 906
hrcd66B15 GCCGGGCCGACCTT—————— CTACAACG——————— CACTGCGC——————————— GAAGCC 906
hrcd66B19 GCCGGGCCGACCTT-————— CTACAREG——=—— CACTGCGC-————=—=——— GAAGCC 906
hrcd66B13 GCCGGGCCGACCTT—————= cTaGAG- ¥ 8 CAGTGCGC——————————— GAAGCC 906
hrcd66B14 GCCGGGCCGACCTT -~ =a— CTACAACG————-F- caCTegc——————————- GAAGCC 906
hrcd66B17 GCCGGGCCGACCTTa e o GraGmOe £ f F CagtGeaa® ————————— GAAGCC 906
hrcd66B16 GCCGGGCCGACEET—=~- == CTAGAACG----=-& CAGTGCGCamm ——————— GAAGCC 582
hrcd66B5 GCCGGGCCEAGETT=~— = CTACAACG——————— CaPCCaca® GAAGCC 809
hrcd66B6 GCCGGGCCGACCITammmns CTACAACGm=———-— CACIGCGCammmmmmn=—— GAAGCC 921
hrcd66B8 GCCGGGCCGACCTT=mm==" CTACAACGT—---- CACTEEGC-——~—~=———— GAAGCC 921
hrcd66Bml GGCETTCCAAACGCTGAGACCTACAATATTGAAAACACTGTGAAACGCTACAAGGAAGCC 960
hrcd66B2 GCCGGGCCGAGETT—— =2~ — GTACAACGH -~~~ CACTECEC -~ 2mm—=n—— GAAGCC 886
* kK *x Kk K Kk kk kik *kox kk, K * ok K Kk Kk ok
hrcd66B10 aavcalll o F . e VR YR Wk GGGCTGGAGCTGG 924
hrcd66B20 ARTCT-———— - - e L GGGCTGGAGETGG 924
hrcd66B9 AATCTSF i i (WA o S e TR R GGGCTGGAGCTGG 924
hrcd66B1 naTGEE g o L - S TR TR EN GGGCTGGAGCTGG 924
hrcd66B3 AMTCT-———&- & & - GGGCTGGAGCTGG 924
hrcd66B15 BATCT-AF i U LgFh RE__ES SNy Th TR GGGCTGGAGCTGG 924
hrcd66B19 AATCTE ————fr —— ————— o ~=—GGGCTGGAGCTGG 924
hrcd66B13 DA B N . i T . S S GGGCTGGAGCTGG 924
hrcd66B14 AATCT-——gr————= A ——- ~GGGCTGGAGCTGG 924
hrcd66B17 AATCT AN OB b e g R 4 S GGGCTGGAGCTGG 924
hrcd66B16 AATCT m———m e GGGCTGGAGCTGG 600
hrcd66B5 AATCT st GGGCTGGAGCTGG 827
hrcd66B6 AATCT————t e ————GGGCTGGAGCTGG 939
hrcd66B8 AATCT-———————————-S=======o———o ool GGGCTGGAGCTGG 939
hrcd66Bml GGTGTCAAGGGTGACAAATTAGTGCTTGGAACACCGTTCTACGGAAGGGGCTGGAGCTGG 1020
hrcd66B2 AATCT-- GGGCTGGAGCTGG 904
* K Kk kkk ko ok hkkkxk
hrcd66B10 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCCGTGCAG 984
hrcd66B20 CAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCCGTGEAG 984
hrcd66B9 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGETCGACGCCGCCGTGCAG 984
hrcd66B1 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCECGTGCAG 984
hrcd66B3 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCCGTGCAG 984
hrcd66B15 GAAGAGCTGACECGCGCCTTCCCCAGCCCGTTCAGCQTGACGGTCGACGCCGCCGTGCAG 984
hrcd66B19 GAAGAGCTGACECGCEECCRICCEEAGECEETICAGCETGACEETEGACGECCECGTGEAG 984
hrcd66B13 GAAGAGCTGACCCGCGCETICCECAGECCCEITCAGCCTGACGEGICGACGECGECGTGCAG (984
hrcd66B14 GAAGAGCTGACCCGCGECTTICCCCAGCCCETTCAGCETGACGETCGACGCCGCCGTGCAG 984
hrcd66B17 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCCGTGCAG 984
hrcd66B16 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCCGTGCAG 660
hrcd66B5 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGEEGCCGTGCAG 887
hrcd66B6 GAAGAGETGACCEECEECTTCCCCAGCECETTCAGCCTGACGGTCCACGECGECETEEAG 999
hrcd66B8 GAAGAGCTGACCCGCGCCTTCCCCAGCCCETTCAGCETGACGGTCGACGACGCCETGEAG 999
hred66Bml GAAGAGCTGACCCGEGCCTICCCCAGCECETICAGECTGACGGTCGACGACGCCETGEAG] 1080
hrcd66B2 GAAGAGCTGACCCGCGCCTTCCCCAGCCCGTTCAGCCTGACGGTCGACGCCGCCGTGCAG 964
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hrcd66B10 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B20 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B9 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B1 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B3 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B15 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B19 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B13 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B14 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTICATGGGCGTGCCCTTCTAC 1044
hrcd66B17 CAGCACCTGATGATGGAAGGCGCTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1044
hrcd66B16 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAARATCGTCATGEGCGTGCCCTTCTAC 720
hrcd66B5 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATIGGGECEGTGCCCTTCTAC 947
hrcd66B6 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGICATGGGCGTGCCCTTCTAC 1059
hrcd66B8 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTIGCCCTTCTAC 1059
hrcd66Bml CAGCACCTGATGATGGARGGCETGCCGAGCGCCAAAATCGTCATGGGCGTGECCTTCTAC 1140
hrcd66B2 CAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGGCGTGCCCTTCTAC 1024
kK Kok ko K ok ok kK Kk ok kK ok ok kKK ko Kk ok ok kK ok ok ok kK k ok ok K ok ok Rk ok ko Kk ok kR k ok ok Kk ko
hrcd66B10 GGCCGEECCTTCAAGGGCGTCAGCGGCGGCAACGGEGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B20 GGCCGCGCCTTCAAGEGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B9 GGCCGCGECTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B1 GGCCGCGCCTTCAAGGECGTCAGCGGCGGCAACGGCGGCCAGTACAGEAGCCACAGCACG 1104
hrcd66B3 GGCCGCGCCTTCAAGGGCGTCAGCGGECGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B15 GGCCGCGECTTCAAGGGCGTECAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B19 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B13 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B14 GGCCGCGCETTCAAGGGCGTCAGCGECGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66B17 GGCCGCGCCTTCAAGGGCGTCAGEGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1104
hrcd66Bl6 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 780
hrcd66B5 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1007
hrcd66B6 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1119
hrcd66B8 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1119
hrcd66Bml GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1200
hrcd66B2 GGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACG 1084
ok ok k ko Kk ok ok ok Kk ok ok Kk ok ok Kk ok ok K ok ok kK ok ok ok kK ok ok ok Kk k ok Kk ok ok ok kK k ok ok Kk Kk Kk Kk
hrcd66B10 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B20 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B9 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B1 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B3 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B15 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGIGGGCTGCGACGAGTGCGTG 1164
hrcd66B19 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGETGGTGEGETGCGACGAGTGEETG 1164
hrcd66B13 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B14 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGECTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B17 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1164
hrcd66B16 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 840
hrcd66B5 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1067
hrcd66B6 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTCGCTGGTGGGCTGCGACGAGTGCGTG 1179
hrcd66B3 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1179
hred66Bmil CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1260
hrcd66B2 CCGGGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTG 1144
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hrcd66B10 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B20 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B9 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B1 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B3 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B15 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B19 CGCGACAAGGATCCGCGCATCGCCTCETATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B13 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B14 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGETGGAGCAGATGCTGCAGGGCAAC 1224
hrcd66B17 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGEAGATGCTGCAGGGCAAC 1224
hrcd66B16 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 900
hrcd66B5 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGECTGGAGCAGATGCTGCAGGGCAAC 1127
hrcd66B6 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1239
hrcd66B8 CGCGACAAGGATCCGCGEATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1239
hrcd66Bml CGCGACAAGGATCCGCGECATCECCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1320
hrcd66B2 CGCGACAAGGATCCGCGCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAAC 1204
kK Kok ko K ok ok kK Kk ok kK ok ok kKK ko Kk ok ok kK ok ok ok kK k ok ok K ok ok Rk ok ko Kk ok kR k ok ok Kk ko
hrcd66B10 TACGGCTATCAGEGGTTETGEAACGATAAGACCAARACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B20 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAARAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B9 TACGGCTATCAGCGGTTGTGGAACGATAAGACCARAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B1 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B3 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGECGCAG 1284
hrcd66B15 TACGGCTATCAGCGGTTGTGEAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B19 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTIATCTGTATCATGCGCAG 1284
hrcd66B13 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B14 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66B17 TACGGCTATCAGCGGTTGTGGAAGGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1284
hrcd66Bl6 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 960
hrcd66B5 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1187
hrcd66B6 TACGGCTATCAGCGGTTGIGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1299
hrcd66B8 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1299
hrcd66Bml TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1380
hrcd66B2 TACGGCTATCAGCGGTTGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCGCAG 1264
ok ok k ko Kk ok ok ok Kk ok ok Kk ok ok Kk ok ok K ok ok kK ok ok ok kK ok ok ok Kk k ok Kk ok ok ok kK k ok ok Kk Kk Kk Kk
hrcd66B10 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B20 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B9 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B1 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B3 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B15 AACGGGCTGITTGTCACCTATGACGATGCCGAGAGCTICAAATACAAAGCGAAGTACATC 1344
hrcd66B19 AACGGGCTGITIGTCACCTATGACGATGECGAGAGCTTCAAATACAAAGECGAAGTACATC 1344
hrcd66B13 AACGGGCTGTTTIGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B14 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B17 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1344
hrcd66B16 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1020
hrcd66B5 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1247
hrcd66B6 AACGGGETGTTITGTCACCTATGACGATGCCGAGAGCTTCAAATACARAGCGAAGTACATC 1359
hrcd66B3 ARCGGGCTGTITTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1859
hred66Bmil AACGGGCTGTITGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1440
hrcd66B2 AACGGGCTGTTTGTCACCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATC 1324
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hrcd66B10 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B20 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B9 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B1 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B3 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B15 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B19 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B13 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTIGGGGCAAGACAACCGCAACGGC 1404
hrcd66B14 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGC 1404
hrcd66B17 AAGCAGCAGCAGCTGGGCGGCGTAATGTITCTGGCATTICGGGEAAGACAACCGCAACGGC 1404
hrcd66B16 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCAT TEFGGGGCAAGACAACCGCAACGGC 1080
hrcd66B5 AAGCAGCAGCAGCTGGGCGGCGTAATGTTCTGGCATTITGGGGCAAGACAACCGCAACGGC 1307
hrcd66B6 AAGCAGCAGCAGCTGGGCGGCGTAATGTTICTGGCATITGGGGCAAGACAACCGCAACGGLC 1419
hrcd66B8 AAGCAGCAGCAGCTGGGEGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGLC 1419
hrcd66Bml AAGCAGCAGCAGCTGGGECGGCETAATGTTCTGGCATTTGGGGCAAGACAARCCGCAACGGC 1500
hrcd66B2 AAGCAGCAGCAGCTGGGECGGCGTAATGTTICTGGCATTTIGGGGCAAGACAACCGCAACGGC 1384
kK Kok ko K ok ok kK Kk ok kK ok ok kKK ko Kk ok ok kK ok ok ok kK k ok ok K ok ok Rk ok ko Kk ok kR k ok ok Kk ko
hrcd66B10 GATCEGCTGGCCGCGCTEGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B20 GATCTGCTGGCCGCGETGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B9 GATCTGCTGGCCGEGCTGGATCGCTATITTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B1 GATCIGCTGGCEGCGETGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B3 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B15 GATCTGCIGGCCGEGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B19 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B13 GATCTGCTGGECGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B14 GATCTGCTGECCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66B17 GATCTGCTIGGCCGEGCTGGATCGGTATTTCAACECCGCAGACTACGACGACAGCCAGCTG 1464
hrcd66Bl6 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1140
hrcd66B5 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1367
hrcd66B6 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1479
hrcd66B8 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1479
hrcd66Bml GATCTGCTGGCCGCGECTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1560
hrcd66B2 GATCTGCTGGCCGCGCTGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTG 1444
ok ok k ko Kk ok ok ok Kk ok ok Kk ok ok Kk ok ok K ok ok kK ok ok ok kK ok ok ok Kk k ok Kk ok ok ok kK k ok ok Kk Kk Kk Kk
hrcd66B10 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACC 1524
hrcd66B20 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACC 1524
hrcd66B9 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACC 1524
hrcd66B1 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACC 1524
hrcd66B3 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACC 1524
hrcd66B15 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACC 1524
hrcd66B19 GATATGGGCACCGGCETGECGATATACCGGEGTCGGCECCGGEAACCTGCECCATCATGACC 1524
hrcd66B13 GATATGGGCACCGGCCTGCGATATACCGGCGTCGCGCCCEGGCAATCTGCCGATCATGACC 1524
hrcd66B14 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACC 1524
hrcd66B17 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACC 1524
hrcd66B16 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACC 1200
hrcd66B5 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACC 1427
hrcd66B6 GATATGEGGCACCGGCCTGEGATATACCGGCGTCGECCCCGGCAATCTIGCCGATCATGACE 1539
hrcd66B3 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGECCCCGGCAATCTGCCGATCATGACC 1539
hred66Bmil GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCECGGCAACCTGECEGATCATGACC 1620
hrcd66B2 GATATGGGCACCGGCCTGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACC 1504

Kk K kK kA kA kA kA kA kA kA kA kA kA kA kA kA hhhhhhhhhhhhh hhkhkhkhkhkhxhx*

Figure 3.12 Nucleotide sequence alignment of chimeric chitinase genes of
pHRCD66B: hrcd66B (continued)
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hrcd66B10 GCGCCGGCCTATGTGCCGGGCACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B20 GCGCCGGCCTATGTGCCGGGCACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B9 GCGCCGGCCTATGTGCCGGGCACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B1 GCGCCGGCCTATGTGCCGGGCACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B3 GCGCCGGCCTATGTGCCGGGCACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B15 GCGCCGGCCTATGTGCCGGGCACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B19 GCGCCGGCCTATGTGCCGGGCACCACTITACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B13 GCGCCGGCCTATGTGCCGGGAACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1584
hrcd66B14 GCGCCGGCCTATGTGCCGGGAACCACTTACGCCCAGEGCGEGCTGGTGTCCTACCAAGGC 1584
hrcd66B17 GCGCCGGCCTATGTGCCGGGAACCACTTACGCCCAGGGCGCGETGGTGTCCTACCAAGGC 1584
hrcd66B16 GCGCCGGCCTATGTGCCGGGAACCACTTACGCCCAGGGCGCGCTEGETGTCCTACCAAGGC 1260
hrcd66B5 GCGCCGGCETATGTGCCGGGAACCACTTACGCCCAGGGECGCGCIGGTGTCCTACCAAGGC 1487
hrcd66B6 GCGCCGGCCTATGTIGCCGGGAACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1599
hrcd66B8 GCGCCGGCCTATGTGCEGGGAACCACTTACGCCCAGGGCGEGCTGGTGTCCTACCAAGGC 1599
hrcd66Bml GCGEEGGCCTATGTIGCEEGGCACCACTTACGCCCAGGGCGEGCIGGTGTCCTACCAAGGC 1680
hrcd66B2 GCGCCGGCCTATGTGCCEGGAACCACTTACGCCCAGGGCGCGCTGGTGTCCTACCAAGGC 1564
kK Kk ko K ok k ok ok Kk ok ok ok kk kK kk Kk ok ok ok ok ok ok ok ok Kk k ok Kok ok ko ok ko Kk ok ok ok k ok ok Kk ko
hrcd66B10 TACGECTGGCAGACCAAGTGEGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B20 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGELTGG 1644
hrcd66B9 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B1 TACGICTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B3 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGELTGG 1644
hrcd66B15 TACGTCTGGCAGACCAAGTGEGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B19 TACGTCTGGCAGACCAAGTGGGGTTATATCACCICGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B13 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B14 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66B17 TACGTCTGGCAGACCAAGTGGGGETATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1644
hrcd66Bl6 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1320
hrcd66B5 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1547
hrcd66B6 TACGTCTGGCAGACCRAGTIGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1659
hrcd66B8 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1659
hrcd66Bml TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1740
hrcd66B2 TACGTCTGGCAGACCAAGTGGGGTTATATCACCTCGGCGCCCGGCTCAGACAGCGCCTGG 1624
ok ok k ko Kk ok ok ok Kk ok ok Kk ok ok Kk ok ok K ok ok kK ok ok ok kK ok ok ok Kk k ok Kk ok ok ok kK k ok ok Kk Kk Kk Kk
hrcd66B10 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B20 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B9 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B1 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B3 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B15 CTGAAGGTGGGECGCCTGGCGTAA 1668
hrcd66B19 CTGAAGGTGGGCCGCETGGCGTAA 1668
hrcd66B13 CTGAAGGTGGGCCGCCTIGGCGTAA, 1668
hrcd66B14 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B17 CTGAAGGTGGGCCGCCTGGCGTAA 1668
hrcd66B16 CTGAAGGTGGGCCGCCTGGCGTAA 1344
hrcd66B5 CTGAAGGTGGGCCGCCTGGCGTAATLS571
hrcd66B6 CTGAAGGTGGGCCGCCTGGCGTAA 1683
hrcd66B3 CTGAAGGTGGGCCGCCTGGCGTAA 11683
hred66Bml CTGAAGGTGGGCCGCCTGGCGTAA 1764
hrcd66B2 CTGAAGGTGGGCCGCCTGGCGTAA 1648

Kk Kk Kk K kKKK R AR KA Rk K Kh K Kh KK

Figure 3.12 Nucleotide sequence alignment of chimeric chitinase genes of
pHRCD66B: hrcd66B (continued)
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Query: hrcd66Bl Molecule type: nucleic acid Query Length: 1668

Bacillus licheniformis strain SK-1 chitinase precursor (chiB) and putative chitinase
precursor (chiA) genes, complete cds Length=4272

Query 541 GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTIGACTGGGAG 600

Frrrrrrrr e e e e e e e e e e e e e e e e e
Sbjct 674  GCTTCGGCCGTTGAGTTTTTAAGGAAATACGGGTTTGACGGGGTCGATCTTGACTGGGAA 733

Query 601 TATCCG 606

Sbjct 734 TATCCG 739

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)
Length=1700

Query 561 AAGGAAATACGGGTTTGACGGGGTCGATC-TTGACTGGGAGTATCCGCAGGCGGCGGAAG 619
RN R R e e R R RN R R
Sbjct 511 AAGG-ATTACGGCTICGACGGCGTIGGA-CATCGACTGGGAGTATCCGCAGGCGGCGGAAG 568

Query 620 TGGACGGTTTCATCGCCGCGETGCAGGAGATCCGCACCTTGCTGAACCAGCAAACCATCG 679
FEUTT L E L] 11 LT | LA™ LT 1T TS Il PSS | TSl il | |
Sbjct 569 TGGACGGTTTCATCGECGCGETGCAGGAGATCCGCACCTTGCTGAACCAGCAAACCATCG 628

Query: HRCD66B1 Molecule type: amino acid Query Length: 555
Chitinase [Bacillus licheniformis]Length=598

Query 121 AQKSNPGDVWDEPIRGNFKQLLKLKKSHRHLKTEISVGGWIWSNRESDVAADPAARENFA 180
AQKSNPGDVWDERIRGNFKOLLKLKKSHPHLKTF ISVGGWTWSNRFSDVAADPAARENFA
Sbjct 121 AQKSNPGDVWDEPIRGNFKQLLKLKKSHPHLKTEISVGGWTIWSNRFSDVAADPAARENFA 180

Query 181 ASAVEFLRKYGFDGVDLDWEYPQAAEVDG-=—-————=—— FIAALQEIRTLLNQQTIADGR 230
ASAVEFLRKYGFDGVDLDWEYP + + G - LOE+R L+ DG+
Sbjct 181 ASAVEFLRKYGFDGVDLDWEYPVSGGLPGNSTRPEDKRNYTLLLOEVRKKLDAAEAKDGK 240

Chitinase B [Serratia marcescens]Length=499

Query 131 DEPIRGNFKQLLKLKKSHPHLKTFISVGGWTWSN——————— RESDVAADPAARENFAASA 183
D R +L LKV +P L+ S+GGW +SN = PAAR FA S
Sbjct 68 DAKARDVVNRLTALKAHNPSLRIMFSIGGWYYSNDLGVSHANYVNAVKTPAARTKFAQSC 127

Query 184 VEFLRKYGFDGVDLDWEYPQAAEVDGEIAALQEIRTLLNOQTIADGRQALPYQLTIAGAG 243
V  ++ YGFDGVD+DWEYPQAAEVDGFTIAALQEIRTLLNQOTIADGRQALPYQLTIAGAG
Sbjct 128 VRIMKDYGFDGVDIDWEYPQAAEVDGEIAALQEIRTLLNQQOTIADGRQALPYQLTIAGAG 187

>HRCD66B1

MEIVLINKSKKEFVF SFIFVMMLSLSFVNGEVAKADSGKNYKIIGYYPSWGAYGRDF QVWDMDVSKVSHINYAFAD
ICWEGRHGNPDPTGENPQTWSCODENGV IDAPNGT IVMGDPWIDAQKSNPGDVWDEP IRGNFKQLLKLKKSHPHLK
TF I SVGGWTWSNRESDVAADPAARENFAASAVEFLRKYGFDGVDLDWEYPOAABNBEF TAALOEIRTLLNOQTIAD
GRQALPYQLTIAGAGGAEFLSRYYSKLAQIVAPLDY INLMTYDLAGPWEKITNHQAALFGDAAGPTFYNALREANL
GWSWEELTRAFPSPF S BT VAR OQOHLMMEGVP SAK IVMGVBEMGRAFKGVSGGNGGQY S SHSTPGEDPYPNADYW

LVGEDFE VRDK 3P REA S ROT BOMLOEN Y G¥0RL AN DRI KDEY L YHAONGEEY T vDD AR SEKYKAKLT K 000LGGY
MEWHLGODNRNED T A AT DRyENAABDY 8D JO1. BMGEG IR Y Telei e M iy e a7 g i 7N Sl R doTer avai®

Figure 3.14 Recombination site of HRCD66B1

Fasta format of deduced ‘amino acid sequence is displayed below. The underlined
sequence shows recombination site between CatDChi66 and light grey highlighted
ChiB. The dark grey highlighted sequence with white alphabets represents ChBD of
ChiB.
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Query: hrcd66B6 Molecule type: nucleic acid Query Length: 1683
Bacillus licheniformis strain SK-1 chitinase precursor (chiB) and putative chitinase

precursor (chiA) genes, complete cds Length=4272

Query 721 GAATACTTGCTGACGATCGCATCCGGCGCAAGTCCCGATTATGTAAGCAACACTGAGCTC 780
FEErrrrrrrrr e e e e e e e e e e e e e e e e
Sbjct 854 GAATACTTGCTGACGATCGCATCCGGCGCAAGTCCCGATTATGTAAGCAACACTGAGCTC 913
Query 781 GATAAAATCGCTCAAACCGTGGATTIGGATTAACATTATGACCTA 824
R RN E R RN R R R
Sbjct 914 GATAAAATCGCTCAAACCGIGGATTGGATTAACATTATGACCTA 957

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)

Length=1700

Query 817 ATGACCTACGATCTGGCCGGCCCCTGGGAGAAGATCACCAACCACCAGGCGGCGCTGTIC 876
R e e e e e e e R e R e e e e e RN

Sbjct 634 ATGACCTACGATCTGGCCGGECCCTGGGAGAAGATCACCAACCACCAGGCGGCGCTGTIC 693

Query 877 GGCGACGCGGCCGGGCCGACCT TCTACAACGCACTGCGCGAAGCCAATCTGGGCTGGAGC 936
FUUT LD LT L 1Ll L0 0L T b PRl | Pl L 11T

Sbjct 694 GGCGACGCGGCCGGGECCGACCTTICTACAACGCACTGCGCGAAGCCAATCTGGGETGGAGC 753

Query: HRCD66B6 Molecule type: amino acid Query Length: 560
Chitinase [Bacillus licheniformis]Length=598

Query 181 ASAVEFLRKYGFDGVDLDWEYPVSGGLPGNSTRPEDKRNYTLLLQEVRKKLDAAEAKDGK 240
ASAVEELRKYGFDGVDLDWEYPVSGGLPGNSTRPEDKRNY TLLLOEVRKKLDAAEAKDGK
Sbjct 181 ASAVEFLRKYGFDGVDLDWEYPVSGGLPGNSTRPEDKRNYTLLLQEVRKKLDAAEAKDGK * 240

Query 241 EYLLTIASGASPDYVSNTELDKIAQTVDWINIMTYDLAGPWEKITNHQAALEGDAAGRIF 300
EYLLTIASGASPDYVSNTELDKIAQTVDWINIMTYD G W+ I+ H A LE D
Sbjct 241 EYLLTIASGASPDYVSNTELDKIAQTIVDWINIMTYDFNGGWQSISAHNAPLEYDPKA-—- 297

Chitinase B [Serratia marcescens]Length=499

Query 242 -YLLTIASGASPDYVSN--TELDKIAQTVDWINIMTYDLAGPWEKITNHQAALFGDAAGP 298
Y LTIA + 45 ++ ] - +D+IN+MTYDLAGPWEK I TNHQAALFGDAAGP
Sbjct 178 PYQLTIAGAGGAFELSRYYSKLAQIVAPLDYINLMTYDLAGPWEKITNHQAALFGDAAGP 237

Query 299 TFYNALREANLGWSWEELTRAFPSPESLTVDAAVQOHLMMEGVPSAKIVMGVPFYGRAFK 358
TFYNALREANLGWSWEELTRAFPSPESLTVDAAVOOHLMMEGVPSAKIVMGVPEYGRAFK
Sbjct 238 TFYNALREANLGWSWEELTRAFPSPFSLTVDAAVQQHLMMEGVPSAKIVMGVPFYGRAFK 297

>HRCD66B6

MKIVLINKSKKFFVESFIFVMMLSLSFVNGEVAKADSGKNYKIIGYYPSWGAYGRDFQVWDMDVSKVSHINYAFAD
ICWEGRHGNPDPTGPNPQTWSCQODENGVIDAPNGT IVMGDPWIDAQKSNPGDVWDEPTRGNFKQLLKLKKSHPHLK
TFISVGGWTWSNRESDVAADPAARENFAASAVEFLRKYGFDGVDLDWEYPVSGGLPGNSTRPEDKRNYTLLLQEVR
KKLDAAEAKDGKEYLLTIASGASPDYVSNTELDKIAQTVDWINIMIZDLAGPWﬁkaNHQAALFGDAAGPTFYNAL
REANLGWSWEELTRAF]‘PHVDAAVQQHLMME GVPSAKEVMEVPFYGRAFKGVSGGNGGQYSSHSTPGEDPYP

NADYWIY GEDEQVRDK IP RINSY ROLFQMUOGNY G¥QRL UNDRTKTRY b Y HAONGEFY T ¥DDAE SERYKAKY TKOQ
o)le <\, Jigtizi elo) )Y =ii(e MIMIN: M)z b'4p\ = upgn ot o) e Vehnel 18 Vel GPC NP IMTA PA b GTTY AQCALVSYO

Figure 3.15 Recombination site of HRCD66B6

Fasta format of deduced amino acid sequence is displayed below. The underlined
sequence shows recombination site between CatDChi66 and light grey highlighted
ChiB. The dark grey highlighted sequence with white alphabets represents ChBD of
ChiB.
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Query: hrcd66Bl5 Molecule type: nucleic acid Query Length: 1344

Bacillus licheniformis strain SK-1 chitinase precursor (chiB) and putative chitinase
precursor (chiA) genes, complete cds Length=4272

Query 301 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 360

Frrrrrrrrrrrrrrrrrr e
Sbjct 434 GAAAACGGAGTGATCGACGCGCCAAATGGAACAATCGTGATGGGCGATCCCTGGATTGAC 493

Query 361 GCACAAAAGTCAAATCCCGGGGATGTCTGGGATGAACCGATCCGCGGC 408
FEETTEEEET e e e e bl I TR
Sbjct 494 GCACAAAAGTCAAATCCCGGGGATGTCTGGEGATGAACCGATCCGCGGC 541

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)
Length=1700

Query 404 GCGGCGCCTTCTTCCTGTCGCGCTATTACAGCAAGCTGGCGCAAATCGTCGCGCCACTCG 463
FECEEEEEr e e L b b L T PR b L EL L TP
Sbjct 560 GCGGCGCCTTCTTCCIGTEGCGCTATTACAGCAAGCTGGCGCARATCGTICGCGCCACTCG 619

Query 464 ATTACATCAACCTGATGACCTACGATCTGGCCGGCCCCTGGGAGAAGATCACCAACCACC 523
FEUTT L E L] 11 LT | LA™ BT 10T TS Il PSS | Tl il | |
Sbjct 620 ATTACATCAACCTGATGACCTACGATCTGGCCGGCCCCTGGGAGAAGATCACCAACCACC 679

Query: HRCD66B15 Molecule type: amino acid Query Length: 447
Chitinase [Bacillus licheniformis]Length=598

Query 61 DMDVSKVSHINYAFADICWEGRHGNPDPTGPNPQTWSCQODENGVIDAPNGTIVMGDPWID 120
DMDVSKVSHINYAFADICWEGRHGNPDPTGPNPQTWSCQDENGVIDAPNGTIVMGDPWTID
Sbjct 61 DMDVSKVSHINYAFADICWEGRHGNPDPTGPNPQTWSCQDENGVIDAPNGTIVMGDPWID 120

Query 121 AQKSNPGDVWDEPIRGAF 138
AQKSNPGDVWDEPIRG F
Sbjct 121 AQKSNPGDVWDERIRGNF ' 138

Chitinase B [Serratia marcescens]Length=499

Query 136 GAFFLSRYYSKLAQIVAPLDYINLMTYDLAGPWEKITNHQAALFGDAAGPTEYNALREAN 195
GAFFLSRYYSKLAQIVAPLDY INLMTYDLAGPWEKITNHQAALFGDAAGPTEYNALREAN
Sbjct 188 GAFFLSRYYSKLAQIVAPLDYINLMTYDLAGPWEKITNHQOAALFGDAAGPTFYNALREAN 247

Query 196 LGWSWEELTRAFPSPFSLTVDAAVQQOHLMMEGVPSAKIVMGVPFYGRAFKGVSGGNGGQY 255
LGWSWEELTRAFPSPFSLTVDAAVQOHLMMEGVPSAKIVMGVPEYGRAFKGVSGGNGGQY
Sbjct 248 LGWSWEELTRAFPSPFSLTVDAAVQQOHLMMEGVPSAKIVMGVPFYGRAFKGVSGGNGGQY 307

>HRCD66B15
MKIVLINKSKKEEFVESEFIFVMMLSLSEVNGEVAKADSGKNYKIIGYYPSWGAYGRDEQVWDMDVSKVSHINYAFAD
ICWEGRHGNPDPTGPNPQTWSCQDENGVIDAPNGTIVMGDPWIDAQKSNPGDVWDEPITRGAFFLSRYYSKLAQIVA

PLDYINLMTYDLAGBWEKI TNHQAALFGDAAGPTE YNALREANLGWSWEEL TRARBSPF ST TVDAAVQQHLMMEGY
PSAKIVMGVPFYGRAFKGVSGGNGGQYSSHSTPGEDPYPNADYWLVGCDECVRDKDPRTASYROLEQMLOGNYGYQ
RLWNDKTKTPYLYHAQNGLEVEY DDAESFKYKAKY IKQQOLEEGMMFWHLGODNRNGDLLAALDRYFNAADYDDSQL
Vel T8¢ TeVC PO LD IMTAP AX VE gt By AQCALVSY QG VWOT KAl T SAPE DS AWl Ky GRL?

Figure 3.16 Recombination site of HRCD66B15

Fasta format of deduced amino acid sequence is displayed below. The underlined
sequence shows recombination site between CatDChi66 and light grey highlighted
ChiB. The dark grey highlighted sequence with white alphabets represents ChBD of
ChiB.
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Query: hrcd66Bml Molecule type: nucleic acid Query Length: 1764
Bacillus licheniformis strain SK-1 chitinase precursor (chiB) and putative chitinase

precursor (chiA) genes, complete cds Length=4272

Query 901 GGCGTTCCAAACGCTGAGACCTACAATATTGAAAACACTGTGARACGCTACAAGGAAGCC 960

FErrrrrrrrerr e e e e e e e e e e e e e e e e
Sbjct 1034 GGCGTTCCAAACGCTGAGACCTACAATATTGAAAACACTGTGAAACGCTACAAGGAAGCC 1093

Query 961 GGTGTCAAGGGTGACAAATTAGTGCTIGGAACACCGTTCTACGGAAGGGGCTGGAGC 1017
FEETTEEEET e e e e e b S R LRt
Sbjct 1094 GGTGTCAAGGGTGACAAATTAGTGCITGGAACACCGTTCTACGGAAGGGGCTGGAGC 1150

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)
Length=1700

Query 1008 GGGCTGGAGCTIGGGAAGAGCTGACCCGCGCCTECCCCAGEECEGTTCAGCCTGACGGTCGA 1067

R e e e e e e e R S R e e e e e e e AN
Sbjct 744  GGGCTGGAGCTGGGAAGAGCTGACCCGCGCCTTCCCCAGCEEGTITCAGCCTGACGGTCGA 803

Query 1068 CGCCGCCGTGCAGCAGEACCTGATGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGG 1127

FUETTE DL L LT 11 LA T L LIRS T Sl PSRl | TSl el L1 1
Sbjct 804  CGCCGCCGTGCAGCAGECACCIGATEGATGGAAGGCGTGCCGAGCGCCAAAATCGTCATGGG 863

Query: HRCD66BMI1 Molecule type: amino acid Query Length: 587
Chitinase [Bacillus licheniformis]Length=598

Query 241 EYLLTIASGASPDYVSNTELDKIAQTVDWINIMTYDENGGWQSISAHNAPLEYDPKAKEA 300
EYLLTIASGASP+YVSNTELDKIAQTVDWINIMTYDFNGGWQSISAHNAPLEYDPKAKEA
Sbjct 241 EYLLTTASGASPEYVSNTELDKIAQTVDWINIMTYDFNGGWOSISAHNAPLFYDPKAKEA ™ 300

Query 301 GVPNAETYNIENTVKRYKEAGVKGDKLVLGTPEYGRGWSWEELTRAEPSPFSLTVDAAVQ 360
GVPNAETYNIENTVKRYKEAGVKGDKLVLGTPFYGRGWS
Sbjct 301 GVPNAETYNIENTVKRYKEAGVKGDKLVLGTIPFYGRGWS--———-——-—————~—————— 339

Chitinase B [Serratia marcescens]Length=499

Query 299 EAGVPNAETYNIENTVKRYKEAGVKGDKLVLGTPEYGRGWSWEELTRAFPSPFSLTVDAA 358
A P YN +EA + GWSWEELTRAFPSPFSLTVDAA
Sbjct 234 -AAGPT--FYNA--—=—— L R e GWSWEELTRAFPSPFSLTVDAA 270

Query 359 VQQHLMMEGVPSAKIVMGVPEFYGRAFKGVSGGNGGQYSSHSTPGEDPYPNADYWLVGCDE 418
VQQHLMMEGVPSAKIVMGVPEYGRAFKGVSGGNGGQYSSHSTPGEDPYP+ DYWLVGC+E
Sbjct 271 VQQHLMMEGVPSAKIVMGVPEYGRAFKGVSGGNGGQYSSHSTPGEDPYPSTDYWLVGCEE 330

>HRCD66BM1

MEIVLINKSKKFEVFSEFIFVMMLSLSFVNGEVAKADSGKNYKIIGYYPSWGAYGRDEQVWDMDVSKVSHINYAFAD
ICWEGRHGNPDPTGPNPQTWSCQDENGVIDAPNGT IVMGDPWIDAQKSNPGDVWDERPIRGNFKQLLKLKKSHPHLK
TFISVGGWTWSNRESDVAADPAARENFAASAVEFLRKYGFDGVDLDWEYPVSGGLEGNSTRPEDKRNYTLLLQEVR
KKLDAAEAKDGKEYLLTIASGASPDYVSNTELDKIAQTVDWINIMTYDENGGWQSISAHNAPLEFYDPKAKEAGVPN
AETYNIENTVKRYKEAGVKGDKLVLGTPFYGRQ@§WEELTRAFR§PFSLTVDAAVQQHLMMEGVPSAKIVMGVPFY
GRAEKGV SGENGCQY:S SHSTRCE DRY BNADYNLYGCDECVRDRDERR TAS Y RQLEOMEQGNYGY ORLMNDK TKTPYL
vHAQNEL F VT Y OpABS Hk v KAKY TROOGL G6v i Wil SODNRNGDLEARL DRy ENAADY DP S @LDMAT GLRY TG

IBEGNLEI MEAPA Y VPG T TYROGC ARBNVS YOG WO LKWGYE TSAP GSDSANT I G R Lif

Figure 3.17 Recombination site of HRCD66BM1

Fasta format of deduced amino acid. sequence is displayed below. The underlined
sequence shows recombination site between CatDChi66 and light grey highlighted
ChiB. The dark grey highlighted sequence with white alphabets represents ChBD of
ChiB.
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deduced from’CatDC ates structure deduced
from ChiB sequences. Conserved mo amily 18 activqii_ite (FDGVDLDWE) is
displayed in red
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Figure 3.19 He 7_ ________ eling structure of HRCDG66B6
Structure was _‘ 1aliz J%lt!r indicates structure
deduced from thDChi66 seque and yellow color m@iates structure deduced
from ChiB sequen?s Conserved motif in famll 18 active site (FDGVDLDWE) is

ﬁTI?J’JVIEI‘VIﬁW g1
qmmmmummmaﬂ
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respectively. Part of CatDChi66 structure is colorized in green and part of ChiB
structure is colorized in yellow. The conserved active site motif is shown in red color

which is absent in HRCD66B15.

4. Expression of HRCD66B

pHRCD66B1, pHRCD66B6, pHRCDG66B15 and pHRCD66BMI1 were
retransformed into E. coli DHSa and cultured in LB broth containing 100 pg/ml
ampicillin for 3 days in incubator shaker at 37°C. Since Chi66 has N-terminal signal
peptide, chimeric chitinases were supposed to be expressed and transported into
supernatant. Chitinases in supernatant were collected by centrifugation at 5,000 g for
10 minutes at 4°C. Figure 3.22° shows protein expression of HRCD66BI,
HRCD66B6, HRCD66B 15 and HRCD66BM1 analyzed by SDS-PAGE.

5. Chitinase activity assay of HRCD66B
5.1 Determination of chitinase activity by measuring reducing sugar

Chitinolytic activity of HRCD66B1, HRCD66B6, HRCD66B15 and
HRCD66BM1 was assayed as described by Imoto and Yagishita (1971). With
transformants of pCD66B . as positive control and pBS/SK™ as negative control,
activity was first assayed under phosphate buffer pH 6.0 and incubated at 37°C for 60
min using PNAC as soluble chitin substrate and Colloidal chitin as insoluble
substrate. Unfortunately, all chimeras showed no chitinolytic activity under this
condition. The buffer system was changed to citrate buffer pH 4.0 and Tris-HCI
buffer pH 8.0, but their activity were still not observed.

Changing of expression host. te E. coli Origami (DE3) was also
performed without success. This was confirmed by increasing the' amount of enzyme

and incubation time from 60 min to. 120 min and no difference was observed.

5.2 Determination of chitinase activity of HRCD66B by TLC
Chitinase .activity. of / HRCD66B1, HRCD66B6, HRCD66B15 and
HRCD66BM1 were assayed in phosphate buffer pH 6 with chitooligosaccharides as
substrates and products of reaction were detected by TLC. Figure 3.23 shows products

of chitinase reaction using NAG3; (A.) and NAG4 (B.) as substrates which were
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Figure 3.23 H@Lolytic pro 1, HRCD&B@ HRCD66B15 and
HRCD66BM1 de?rmined by TLC using Nzan and NAGy as substrates
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Lane 5 Reaction of HRCD66BM1
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detected by TLC. Results indicated that there were no products observed for any of

the chimeras.

Construction and expression of HRCHI60B

1. Construction of HRCHI60B
pCHI60B was. double digested with BstZ171 and HindIll and linearized
plasmid was purified from 957 bp digested fragment using Qiaquick Gel Extraction
Kit. pCHI60B with two-knoekout genes was transformed into E. coli JC8679 by
electroporation-and screened by the following methods.
1.1 HRCHI60B screening from LB agar plate with ampicillin
One milliliter of transformants culture was spread on LB agar plate
containing 100 pg/ml ampicillin and incubated at 37°C for 12-16 hours. The result
showed that there were 46 colonies formed on agar plate. Each colony was picked and
plasmid was extracted. The extracted plasmids were digested with Norl that cleaves at
the start of promoter site and Xhol that cleaves at stop codon of chiB and each
digested plasmid was loaded along with the undigested one. From the agarose gel
electrophoresis result, there-were 26 colonies that contained plasmid with 1.5-2.3 kb
chimeric genes which are from colony number 1, 4, 5, 6, 7, 12, 13, 14, 18, 19, 21, 22,
23, 25, 26, 27, 29, 30, 31, 32, 35, 37, 38, 40, 45 and 46. These plasmids were
designated as pHRCHI60B 1-26.
This screening was repeated and we found 228 of forming colonies.
Sixty eight colonies were randomly picked and checked by plasmids extraction. From
these results, we observed 49 more plasmids extracted from colony number 1, 2, 3, 6,
7, 1Ba1583 64 189 10204 20 P8 . E5 120 8.6k 3B RE, B3, B4, 1584 339, 40, 42,
43,44, 45,46, 47,48, 49, 50, 51, 52, 53, 54, 55, 57, 58, 60, 62, 63, 64, 65, 66 and 67
that contained chimeric gene size 1.5-2.3 kb and designated as pHRCHI60B27-75.
The .agarose gel electrophoresis analyses .of -plasmids. extracted. from-all forming
colonies are shown in appendix D and E. In order to find chimeras with functional
chitinases, the other 160 colonies were screened by roughly measuring hydrolytic
activity of supernatant from chimera that was still in E. coli JC8679 with PNAC as
substrate in citrate buffer pH 5.0. Table 3.2 shows the absorbance differences at 420

nm obtained from chitinase activity assay by colorimethod of colony 69 to 228.
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We found that colony number 111 and 227 shows little hydrolytic activity so that
plasmids of these two colonies were extracted and designated as pHRCHI60B76 and
77. Figure 3.24 shows the agarose gel electrophoresis analysis of pHRCHI60B76 and
77 that were digested with Norl and Kpnl.

1.2 HRCHIG60B screening from CCMM broth with ampicillin

E. coli Top10 with pCHI60B and pBS/SK™ were used as positive and
negative control, respectively. Aliquots of S0 pl from 1 ml transformants were
cultured into 18 tubes of .3 ml' CCMM broth containing 100 pg/ml ampicillin and
incubate at 37°Crin incubator shaker at 250 rpm. The cultures were observed for 3
days and found that there were 4 chimeras that could grow on CCMM. Plasmids of
these four were extracted and digested with Nofl and Xhol and checked by agarose gel
electrophoresis as shown in figure 3.25. This screening was repeated twice. In the
second screening, 60 ul of aliquots were cultured into 16 tubes of 3 ml CCMM broth
containing 100 pg/ml ampicillin at 37°C. This time we found 11 tubes of growing
cultures including negative control, thus the cultures were further observed for 5 days.
Decreasing of colloidal chitin in the culture was observed in only one tube which was
then collected and extracted for plasmid. In the third screening, the volume of aliquots
were reduced to 30 pl and cultured into 24 tubes of CCMM with ampicillin and
negative controls could still grow in CCMM. After 5 days of culture, only one tube
was observed to have a decrease in colloidal chitin in the cultures. The culture was
then collected - and extracted for plasmid. Figure 3.26 shows agarose gel
electrophoresis of plasmids from second and third screening that digested with Norl

and Xhol. Plasmids_obtained from CCMM screening were designated as

pHRCHI60BM1-6.

2. Sequences analysis of pHRCHI60B
From agarose gel electrophoresis results, pHRCHI60B were grouped based
on chimeric gene size into.5 groups with gene size of 1.4, 1.5, 1.6, 2.0 and 2.3 kb as
shown in table 3.3. pHRCHI60B1, 3, 5, 20, and 24 as the representatives of each
group were sequenced. Sequences of each chimera were aligned using ClustalW?2
program. Figure 3.27 shows nucleotide sequences alignment of chimeric chitinases

gene from pHRCHI60B.
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Table 3.2 The absorbance differences at 420 nm obtained from chitinase activity

assay by colorimethod of colony 69 to 228

No. of No. of No. of No. of No. of
AA g0 AA g9 AA g0 AA g0 AA g0

colony colony colony colony colony

69 0.02 101 0.02 158 0.00 165 0.00 197 0.02
70 0.00 102 0.00 134 0.00 166 0.00 198 0.03
71 0.00 103 0.05 135 0.00 167 0.00 199 0.03
72 0.00 104 0.02 136 0.00 168 0.00 200 0.01
73 0.04 105 0.01 187 0.02 169 0.00 201 0.00
74 0.03 106 0.00 138 0.05 170 0.04 202 0.01
75 0.00 107 0.05 139 0.00 171 0.01 203 0.07
76 0.04 108 0.01 140 0.00 %2 0.02 204 0.02
77 0.00 109 0.04 141 0.00 173 0.05 205 0.03
78 0.04 110 0.08 142 0.00 174 0.00 206 0.02
79 0.00 11 0.14 143 0.00 175 0.01 207 0.05
80 0.00 112 0.01 144 0.00 176 0.02 208 0.04
81 0.04 115 0.08 145 0.00 177 0.01 209 0.04
82 0.03 114 0.03 146 0.00 178 0.01 210 0.00
83 0.04 115 0.04 147 0.00 179 0.01 211 0.02
84 0.01 116 0.03 148 0.00 180 0.01 212 0.03
85 0.01 117 0.09 149 0.00 181 0.04 213 0.04
86 0.03 118 0.06 150 0.00 182 0.02 214 0.03
87 0.02 119 0.00 151 0.00 183 0.06 215 0.02
88 0.04 120 0.00 152 0.00 184 0.04 216 0.04
89 0.00 121 0.00 153 0.00 185 0.06 217 0.06
90 0.02 122 0.00 154 0.00 186 0.03 218 0.05
91 0.04 13 0.00 155 0.00 187 0.03 219 0.01
92 0.05 124 0.00 156 0.00 188 0.03 220 0.03
93 0.05 125 0.00 157 0.00 189 0.03 221 0.04
94 0.01 126 0.00 158 0.00 190 0.03 222 0.00
95 0.01 127 0.00 159 0.00 191 0.00 223 0.00
96 0.04 128 0.01 160 0.00 192 0.02 224 0.03
97 0.05 129 0.00 161 0.08 193 0.01 225 0.02
98 0.02 130 0.00 162 0.00 194 0.03 226 0.04
99 0.05 131 0.00 163 0.00 195 0.00 227 0.10
100 0.05 132 0.00 164 0.00 196 0.03 228 0.04
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Figure 3.24 Agarose gel electrophoresis analysis of plasmids extracted from

colony number 111 and 227 that were screened by hydrolytic activity assay of
pHRCHI60B

Lane'1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
Lane 8

MHindIIl marker

Plasmids from colony 111

Plasmids from colony 111/ Notfl+ Xhol
AHindllI marker

pCHI60B

pCHI60B/ Notl+ Xhol

Plasmids from colony 227

Plasmids from colony 227/ Notl+ Xhol

* Plasmids extracted from colony 111 and 227 were designated as pHRCHI60B76

and 77.
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23.1kb

9.4 kb
6.5 kb

4.3 kb

2.3kb
2.0 kb

Figure 3.25 Agarose gel electrophoresis analysis of plasmids extracted from
cultures of the first pHRCHI60B screening on CCMM broth

Lane 1~ MHindlIl marker

Lane 2 Plasmids from CCMM tubel

Lane 3 Plasmids from CCMM tubel/ Notl+ Xhol

Lane 4 Plasmids from CCMM tube2

Lane 5 Plasmids from CCMM tube2/ Notl+ Xhol

Lane 6 = Plasmids from CCMM tube3

Lane 7 Plasmids from CCMM tube3/ Notl+ Xhol

Lane 8 Plasmids from CCMM tube4

Lane 9 Plasmids from CCMM tubed/ Notl+ Xhol

*These four plasmids were designated as pHRCHI60BM1-4.
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23.1kb

9.4 kb
6.5 kb

Figure 3.26 Agarose gel electrophoresis analysis of plasmids extracted from
cultures of the second and third pHRCHI60B screening by CCMM broth

Lane 1. A/HindIll marker

Lane 2+ Plasmids from the second CCMM screening

Lane 3° Plasmids from the second CCMM screening/ Notl+ Xhol

Lane 4 A/HindIll marker

Lane 5 Plasmids from the third CCMM screening

Lane 6 - Plasmids from the third CCMM screening/ Notfl+ Xhol

*These two plasmids were designated as pHRCHI60BMS and 6.
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Table 3.3 Groups of pHRCHI60B derivatives divided by chimeric gene size

Chimeric gene size pHRCHI60B

1.4 kb pHRCHI60B3, 4, 12,31, 45, 48,51,52, 58, 60

1.5kb pHRCHI60B24, 35, 55, 58, 59, 65, pHRCHI60BMS

1.6 kb pHRCHI60BS, 6, 15, 23, 29, 31, 39, 47, pHRCHI60BM4

pHRCHI60BI, 2, 7, 8,9, 10, 11, 13,14, 16, 17, 18, 19,
21, 22,25,26, 27,28, 30, 32,33, 34, 36, 37, 38, 40, 41,

2.0kb
42,43, 44, 46, 49, 50, 53, 54, 56, 57, 60, 61, 62, 63, 64,
66, 67,70, 71, 72,73, 74,75, 76,77, pHRCHI60BM1, 2
2.3kb pHRCHI60B20, pHRCHI60BM3, 6

pHRCHI60B3, 24, 5, 1, 20 were chosen to be representatives of plasmids with 1.4,

1.5, 1.6, 2.0 and 2.3 kb chimeric genes, respectively and were sequenced.



hrchi60B3
hrchi60B5
hrchi60B20
hrchi60B1
hrchi60B24

hrchi60B3
hrchi60B5
hrchi60B20
hrchi60B1
hrchi60B24

hrchi60B3
hrchi60B5
hrchi60B20
hrchi60B1
hrchi60B24

hrchi60B3
hrchi60B5
hrchi60B20
hrchi60B1
hrchi60B24

hrchi60B3
hrchi60B5
hrchi60B20
hrchi60B1
hrchi60B24

hrchi60B3
hrchi60B5
hrchi60B20
hrchi60B1
hrchi60B24

ATGCGCAAATTTAATAAACCGCTGTTGGCGCTGTTGATCGGCAGCACGCTGTGTTCCGCG
ATGCGCAAATTTAATAAACCGCTGTTGGCGCTGTTGATCGGCAGCACGCTGTGTTCCGCG
ATGCGCAAATTTAATAAACCGCTGTTGGCGCTGTTGATCGGCAGCACGCTGTGTTCCGCG
ATGCGCAAATTTAATAAACCGCTGTTGGCGCTGTTGATCGGCAGCACGCTGTGTTCCGCG
ATGCGCAAATTTAATAAACCGCTGTTGGCGCTGTTGATCGGCAGCACGCTGTGTTCCGCG

khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkkhkhkhkkkk

GCGCAGGCCGCCGCGCCEGGGCAAGCCGACCATCGCCTGGGGCAATACCAAGTTCGCCATC
GCGCAGGCCGCCGCGCCGGGCAAGCCGACCATCGECCTGGGGCAATACCAAGTTCGCCATC
GCGCAGGCCGCCGCGCCGGGCAAGCCGACCATCGECCTGGGGCAATACCAAGTTCGCCATC
GCGCAGGCCGCCGECGCCGGGCAAGCCGACCATCGCCTGGGGCAATACCAAGTTCGCCATC
GCGCAGGCCGCCGCGCCGGGCAAGCCGACCATCGCCTGGGGCAATACCAAGTTCGCCATC

hhkkhkkhkk khkxk kT Ak dkhkhkrhkhkhkhkrhkhhkFdhdhkrxdkrhdhhkhkhkhkhkdrhhkhkhkrhhkhxkhxx

GTTGAAGTTGACCAGGECGGCTACCGCTTATAATAGTTTGGTGAAGGTAAAAAATGCCGCC
GTTGAAGTTGACCAGGCGGCTACCCGCTTATAATAGTITGGTGAAGGTAAAAAATGCCGCC
GITGAAGTTGACCAGECGGCTACCGCTTATAATAGTTTGGTGAAGGTAAAAAATGCCGCC
GTTGAAGTTGACCAGGCGGCTACCGCTTATAATAGTTITGGTGAAGGTAAAAAATGCCGCC
GITGAAGITGACCAGGCGGCTACCGCTTATAATAGTTTIGGTGAAGGTAAAAAATGCCGCC

LR R RS LR R SR SRR R RS RS R R R R RS RE R SRR TS R R R RS REEE R R R R R R RS

GATGTTTCGGTICTCCTGGAATTTATGGAATGGCGACACCGGTACGACGGCAAAAGTTTTA
GATGTTTCGGTCTCCTGGAATTTATGGAATGGCGACACCGGTACGACGGCAAAAGTTTTA
GATGTTTCGGICTCCTGGAATTTATGGAATGGCGACACCGGTACGACGGCAAAAGTTTTA
GATGTTTCGGTCTCCTGGAATTTATGGAATGGCGACACCGGTACGACGGCAAAAGTTTTA
GATGTTTCGGTCTCCTGGAATTTATGGAATGGCGACACCGGTACGACGGCAAAAGTTTTA

hhkhkkhkhkhk Rk dkhhkAhkdhkh Ak hkhkhkrhdkhdhhkhkhhkhkh kb drhdkhkFdrhdkhkdrhhkhkhrhhhkhrkhxx

TTAAATGGCAAAGAGGCGTGGAGCGGCCCGTCAACCGGTTCTTCCGGTACGGCGAATTTT
TTAAATGGCAAAGAGGCGTGGAGCGGCCCGTCAACCGGTTCTICCGGTACGGCGAATTTT
TTAAATGGCAAAGAGGCGTGGAGCGGCCCGTCAACCGGTTCTTCCGGTACGGCGAATTTT
TTAAATGGCAAAGAGGCGTGGAGCGGCCCGTCAACCGGTTCTTCCGGTACGGCGAATTTT
TTAAATGGCAAAGAGGCGTGGAGCGGCCCGTCAACCGGTTCTTICCGGTACGGCGAATTTT

Fhhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhbh bbbk hhhhhhkhkhkhkhkhkhkhk

AAAGTCAATAAAGGCGGCCGTTATCAAATGCAGGTGGCATTGTGCAATGCCGACGGCTGC
AAAGTCAATAAAGGCGGCCGTTATCAAATGCAGGTGGCATTGTGCAATGCCGACGGCTGC
AAAGTCAATAAAGGCGGCCGTTATCAAATGCAGGTGGCATTGTGCAATGCCGACGGETGC
AAAGTCAATAAAGGCGGCCGTTATCAAATGCAGGTGGCATTGTGCAATGCCGACGGCTGL
AAAGTCAATAAAGGCGGCCGTTATCAAATGCAGGTGGCATTGTGCAATGCCGACGGCTGC
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Figure 3.27 Nucleotide sequence alignment of chimeric chitinase genes of

pHRCHI60B: hrchi60B1, 3, 5, 20 and 24
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hrchi60B3 AGCGCCAGCGACGCCACCGAAATTGTGGTGGCCGACACCGACGGCAGCCATTTGGCGCCG 420
hrchi60B5 AGCGCCAGCGACGCCACCGAARATTGTGGTGGCCGACACCGACGGCAGCCATTTGGCGCCG 420
hrchi60B20 AGCGCCAGCGACGCCACCGAARATTGTGGTGGCCGACACCGACGGCAGCCATTTGGCGCCG 420
hrchi60B1 AGCGCCAGCGACGCCACCGAAATTGTGGTGGCCGACACCGACGGCAGCCATTTGGCGCCG 420
hrchi60B24 AGCGCCAGCGACGCCACCGAARATTGTGGTGGCCGACACCGACGGCAGCCATTTGGCGCCG 420
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkkhkhkhkkkk
hrchi60B3 TTGAAAGAGCCGCTGCTGGAAAAGAATAAACCGTATAAACAGAACTCCGGCAAAGTCGTC 480
hrchi60B5 TTGAAAGAGCCGCTGCTGGAAAAGAATAAACCGTATAAACAGAACTCCGGCAAAGTCGTC 480
hrchi60B20 TTGAAAGAGCCGCTGCTGGAAAAGAATAAACCGTATAAACAGAACTCCGGCAAAGTCGTC 480
hrchi60B1 TTGAAAGAGCCGCTGCTGGAAAAGAATAAACCGTATAAACAGAACTCCGGCAAAGTCGTC 480
hrchi60B24 TTGAAAGAGCCGCTGCTGGAAAAGAATAAACCGTATAAACAGAACTCCGGCAAAGTCGTC 480
Kk ok okok ok ok kK ok ok ok ok kK k ok ok ok kK ok ok ok ok ok K ok kK ok ok ok K ok ok ok ok ok ok ok ok ok ok kK ok ok ok ok kK ok ok ok
hrchi60B3 GETTCTTATTTCGICGAGTGGGGCGTTTACGGGCGCAATITCACCGTICGACAAGATCCCG 540
hrchi60B5 GGTTCITATTICGTECGAGTGGGGCETTTACGGEGCGCAATTTCACCGTCGACAAGATCCCG 540
hrchi60B20 GETTCTTATTTCETCEAGTGGGGCETTTACGGGCGCAATTITCACCGTCGACAAGATCCCG 540
hrchi60B1 GGTTCITATTTCGICGAGTGCGGGCGTTTACGGGCGCAATTTCACCGTCGACAAGATCCCG 540
hrchi60B24 GGITCTTATTTCGTCGAGTGGGGCGTTTACGGGCGCAATTITCACCGTCGACAAGATCCCG 540
LR R RS LR R SR SRR R RS RS R R R R RS RE R SRR TS R R R RS REEE R R R R R R RS
hrchi60B3 GCGCAGAACCTGACCCACCTGCTGTACGGCTTTATCCCGATCTGCEGCGGCAACGGCATC 600
hrchi60B5 GCGCAGAACCTGACCCACCTGCTGTACGGCTTTATCCCGATCTGCGGCGGCAACGGCATC 600
hrchi60B20 GCGCAGAACCTGACCCACCIGCTGTACGGCTTTATCCCGATCTGCGGCGGCAACGGCATC 600
hrchi60B1 GCGECAGAACCTGACCCACCTGCTGTACGGCTTTATCCCGATCTGCGGCGGCAACGGCATC 600
hrchi60B24 GCGCAGAACCTGACCCACCTGCTGTACGGCTTITATCCCGATCTGCGGCGGCAACGGCATC 600
Kk ok ok ok ok ok K ok ok ok ki K ok ok ok ok ok Kk ok ok ok ok ok kK ok ok ok ok ok Kk ok ok ok ok kK ok ok ok ok kK ok ok ok ok Kk ok ok
hrchi60B3 AACGACAGCCTGAAAGAGATCGAAGGCAGCTTCCAGGCGCTGCAGCGCTCCTGCCAGGGL 660
hrchi60B5 AACGACAGCCTGAAAGAGATCGAAGGCAGCTTCCAGGCGCTGCAGCGCTICCTGCCAGGGL 660
hrchi60B20 AACGACAGCCTGAAAGAGATCGAAGGCAGCTTCCAGGCGCTGCAGCGCTICCTGCCAGGGL 660
hrchi60B1 AACGACAGCCTGAAAGAGATCGAAGGCAGCTTCCAGGCGCTGCAGCGCTCCTGCCAGGGL 660
hrchi60B24 AACGACAGCCTGAAAGAGATCGAAGGCAGCTTCCAGGCGCTGCAGCGCTECTGCCAGGGL 660
Fhhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhbh bbbk hhhhhhkhkhkhkhkhkhkhk
hrchi60B3 CGCGAGGACTTCAAAGTCTCGATCCACGATCCGTTCGCCGCGCTGCAAAAAGCGCAGAAG 720
hrchi60B5 CGCGAGGACTTCAAAGTCTCGATCCACGATCCGTTCGCCGCGCTGCAAAAAGCGCAGAAG 720
hrchi60B20 CGCGAGGACTTCAAAGTCTCGATCCACGATCCGTTCGCCGCGCTGCARARAAGCGCAGAAG 720
hrchi60B1 CGCGAGGACTTCARAGTCTCGATCCACGATCCGTTCGCCGCGCTGCAAARAGCGCAGAAG 720
hrchi60B24 CGCGAGGACTTCAAAGTCTCGATCCACGATCCGTTCGCCGCGCTGCAAARAGCGCAGAAG 720
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Figure 3.27 Nucleotide sequence alignment of chimeric chitinase genes of

pHRCHI60B: hrchi60B1, 3, 5, 20 and 24 (continued)
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hrchi60B3 GGCGTTACCGCCTGGGATGACCC~-CTACAAGGGCAACTTCGGCCAGCTGATG-GCGCTGA 778
hrchi60B5 GGCGTTACCGCCTGGGATGACCC~CTACAAGGGCAACTTCGGCCAGCTGATG-GCGCTGA 778
hrchi60B20 GGCGTTACCGCCTGGGATGACCC~CTACAAGGGCAACTTCGGCCAGCTGATG-GCGCTGA 778
hrchi60B1 GGCGTTACCGCCTGGGATGACCC~-CTACAAGGGCAACTTCGGCCAGCTGATG-GCGCTGA 778
hrchi60B24 GGCGTTACCGCCTGGGCCGACCTITCTACAACG--CACTGCGCGAAGCCAATCTGGGCTIGG 778
Kok kk ok kK k Kok kokkokkk  kkkk  kkkkkk * Kok k koK Kkk Kk ok kK
hrchi60B3 AACAGGCGCATCCTGACCTGAARATTCTGECGTEGATCGGCGGCTGGACGCTGTCCGAC— 837
hrchi60B5 AACAGGCGCATCCTGACCTGAARAT TCTGCEGTCEATCGGCGGCTGGACGCTGTCCGAC- 837
hrchi60B20 AACAGGCGCATCCTGACCTGAARATTCTGEEGTCGATCGGCGGCTGGACGCTGTCCGAC- 837
hrchi60B1 AACAGGCGCATCCTGACCTGAAAAT TCTGCEETCCATCGGCGGCTGGACGCTGTCCGAC— 837
hrchi60B24 AGCTGGGAAGAGCTGACTCGCGCCTTCCCCAGCCCGTT--CAGCCTGACGGTCGACGCCG 836
" Kk kL x kkk Lk hk % kokk  kkkKk K *k K
hrchi60B3 S@FTTCTToETCARE gorgl & LThG S N TR 861
hrchi60B5 CCGTIETTCTTCATE-GGEGATAAGGTGARGCGCGATCGCTTCETCGGTTCGGTGARAGA 896
hrchi60B20 CEGTTCTTCTTCATG GECGATAAGGTGARGCGCGATEGCTTCGICGGTTCGGTGARAGA 896
hrchi60B1 CCGTTETTCTICATG-GGCGATAAGGTGARGCGCGATCGCTTCGTCGGTTCGGTGAAAGA 896
hrchi60B24 CCGTGCAGCAGCACCTGATGATGGAAGGCGTGCCGAGCGCCAARAATCGTCATGGGCGTIGC 896
sk okx x Ak kx x % K
hrchi60B3 ~—ITCTACEGCCECG——-—= CCTTCAAGGGCGTCAGC—=———= =4 —————————————— 891
hrchi60B5 GTTCCTGCAGACCTGGAAGTTCTTCGATGGCGTGGATATCGACTGGGAGTTCCCG-———— 951
hrchi60B20 GTTCCTGCAGACCTGGAAGTITCTTCGATGGCGTGGATATCGACTGGGAGTTCCCGGGCGG 956
hrchi60B1 GTTCCTGCAGACCTGGAAGTTICTTCGATGGCGTGGATATCGACTGGGAGTATCCGCAGGC 956
hrchi60B24 CCTTCTACGGCCGCG===== CCTTCAAGGGCGTCAGC——=———————————————————— 928
* kK T kK * Kk kk ok Kkhkkkk
hrchi60B3 o R . — — — — — —— — ———————————————
hrchi60BS g ——— = — — — — — g, — —— — —— ————
hrchi60B20 CAAAGGCGCCAACCCGAACCTGGGCAGCCCGCAGGACGGGGAAACCTATIGTGCTGCTGAT 1016
hrchi60B1 GGCGGAAGTGGACGGTTTCATCGCCGCGCTGCAGGAGATCCGCACCTTGCTGAACCAGCA 1016
hrchi60B24 N g e e e — i,
hrchi60B3 - -
hrchi60BS = = - - ———————————————————— R — —
hrchi60B20 GAAGGAGCTGCGGGCGATGCTGGATCAGCTGTCGGCGGAAACCGECCGCAAATATGAACT 1076
hrchi60B1 AACCATCGCGGACGGCCGCCAGGCETTGCCGTATCAGCTGACCATCGCCGGLCGCCGGCGE 1076
hrcHio@so /i W N W N TS N -5 W N 0 -8 =

Figure 3.27 Nucleotide sequence alignment of chimeric chitinase genes of

pHRCHI60B: hrchi60B1, 3, 5, 20 and 24 (continued)
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hrchi60B3 TTCTTCCTGTCGCGCTATTACAGCAAGCTGGCGCARATCGTCGCGCCACTCGATTACATC 1140
hrchi60B24 ~  ———————mmm

hrchi60B1 TTCTTCCTGTCGCGCTATTACAGCAAGCTGGCGCARATCGTCGCGCCACTCGATTACATC 1140
hrchi60B5 ~  ————-——mmmmmmm
hrchi60B20 TCCGCCATCAGCGCCGGCAAGGACAAGATCGATAAGGTGGCTTACAACGTTGCGCAGAAC 1140

hrchi60OB3 G GAAGATCACCAACCACCAGGCGGCG 1200
hrchi60B24 —,—— W WL VA VLR Y e

hrchi60Bl1 : GATCACCAACCACCAGGCGGCG 1200

hrchi6éOBS = @ ————————— - - ——— Sy -

hrchi60B20 mCTTCGATCTGAAGAAC 1200
hrchi60B3 AT, W i, R 1221
hrchi60B24 ' \

hrchi60B1 = AU S R 1221
hrchi60B5  ————— : MR YA A e Y
hrchi60B20 ' CCGCTTACACCACG 1260

hrchi60B3 S L . N Y W L W Y
hrchi60B24 =———— - e
hrchi60B1 e .
hrchi60B5 y 'y 3 o F -
hrchi60B20

hrchi60B3 S A U BN
hrchi60B24 o
hrchi60B1

hrchi60B5
hrchi60B20

hrchi60B3 = @

———————————————————— Y ———
hrc 5

MAAIAURIINEIRY

q pHRCHIG60B: hrchi60B1, 3, 5, 20 and 24 (continued)

hrchi60B24
hrc 1




9

hrchi60B3 o
hrchi60B5S W

hrchi60B20 GACCTCCGCCATCAGCGCCGGCAAGGACAAGATCGATAAGGTGGCTTACAACGTTGCGCA 1136
hrchi60B1 CGCCTTCTTCCTGTCGCGCTATTACAGCAAGCTGGCGCAAATCGTCGCGCCACTCGATTA 1136
hrchi60B24 ——mmmm

hrchi6é0B3 = —————— ! ,
hrchi60B5 = @ ————————— s MR NN § o o e

hrchi60B20 GAACTCGA TCCTGAT
— e
AACC

hrchi60B1
hrchi60B24 ~  —————————— e SN (it

CATC

hrchi60B3 = alr- - o S 0 4 _ 8 TRILT: W e __TEE
hrchi60B5 ' \
hrchi60B20 3CTEAATG CACCGCTTACAC 1256
hrchi60B1 '
hrchig0B2a - o A O T === T WA WA WA W

CTGCGCGAAGCCAATCT 1256

hrchi60B3 S L . N Y W L W Y
hrchi60B5 ~  =-———— - e —_ANE WW W
hrchi60B20 GTCAR c 3CGCAGGGCGT CGGGCAAGATCGTGGC 1316
hrchi60Bl ' C TTCCCCAGCC
hrchi60B24 ————m———am : —- ____1! ___________________

TCAGCCTGACGGTCGA 1316

hrchi60B3 e
hrchi60B5 . a
hrchi60B20 @
hrchi60B1

hrchi60B24 &

1376

hrchi60B3

hrchi60B5

hrc 2 1436
hrc 1 1413
hrchi 24

RIALNSAUURIANEA

pHRCHIG60B: hrchi60B1, 3, 5, 20 and 24 (continued)

86
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hrchi60B3 o
hrchi60BS W

hrchi60B20 AGCTGGCGCAAATCGTCGCGCCACTCGATTACATCAACCTGATGACCTACGATCTGGCCG 1496
hrchi60Bl
hrchi60B24 ~ @ ———

hrchi60B3 = —————————
hrchi60B5 —,—— W WL VA VLR Y e

hrchi60B20 i C CGGCGACGCGGCCGGGCCGA 1556
e .__-!-!-5.*
hrchi60Bl  ————— : = g

hrchi60B24 W @ @

hrchi60B3 / A R . .
hrchi60BS \
hrchi60B20 \AG! \TCTGGG AGCTGACTCGCG 1616
hrchi60BlI ~ ————— - —— T
hrchi60B24 = TR VA A e 0

hrchi60B3 o - 1 Ny -
hrchi60B5 ~  =————— —— __a"e "W N
hrchi60B20 GTTCAGC GACG ( “AGCAGCACCTGATGATGG 1676
hrchi60B1 ; L fF
hrchi60B24 ——————ode e - , .

hrchi60B3 o y j{, PEONFREINYL N
hrchi6O0BS =bnit o e ol

hrchi60B20 @ AR
N O 6 0B i ——— . ———a——,
hrchi60B24 k

1736

hrchi60OB3 @ ———————— GGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACGCCGGGCGAAGATCCGT 943
hrchi60B5 ——‘—ECGGCAACGGCGGCCAGTACAWCCACAGCACGCCGGGCGAAGATCCGT 1003

hrc 2 ] C G G T 1796
hre 1 ny  _fc c c CAGCAG G CGGGCGAAGATCCGT 1465
hrc 24 —————=GGCGGCAAC GCCAGTACAGCAGCCACAG CGGGCGAAGATC 980

KA AR AR AR A A A A A A A A A A A A A A A A A A A A A A A A A A AR A AR A AR AR AR AR AR AR

MALNSUAIINIAY

q pHRCHIG60B: hrchi60B1, 3, 5, 20 and 24 (continued)
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hrchi60B3 ATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTGCGCGACAAGGATCCGC 1003
hrchi60B5 ATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTGCGCGACAAGGATCCGC 1063
hrchi60B20 ATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTGCGCGACAAGGATCCGC 1856
hrchi60B1 ATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTGCGCGACAAGGATCCGC 1525
hrchi60B24 ATCCGAACGCCGATTACTGGCTGGTGGGCTGCGACGAGTGCGTGCGCGACAAGGATCCGC 1040
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkkhkhkhkkkk
hrchi60B3 GCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAACTACGGCTATCAGCGGT 1063
hrchi60B5 GCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAACTACGGCTATCAGCGGT 1123
hrchi60B20 GCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCACGGCAACTACGGCTATCAGCGGT 1916
hrchi60B1 GCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAACTACGGCTATCAGCGGT 1585
hrchi60B24 GCATCGCCTCCTATCGCCAGCTGGAGCAGATGCTGCAGGGCAACTACGGCTATCAGCGGT 1100

hhkkhkkhkk khkxk kT Ak dkhkhkrhkhkhkhkrhkhhkFdhdhkrxdkrhdhhkhkhkhkhkdrhhkhkhkrhhkhxkhxx

hrchi60B3 TGTGGAACGATAAGACCAAAACCCCGTATICTIGTATCATGCCCAGAACGGGCTGTTTGTCA 1123
hrchi60B5 TGTGGAACGATAAGACCAARAACCCCGTATCIGTATCATGCCCAGAACGGGCTGTTTGTCA 1183
hrchi60B20 TGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCCCAGAACGGGCTGTTTIGTCA 1976
hrchi60B1 TGTGGAACGATAAGACCAAAACCCCGTATCIGTATCATGCCCAGAACGGGCTGTTTGTCA 1645
hrchi60B24 TGTGGAACGATAAGACCAAAACCCCGTATCTGTATCATGCCCAGAACGGGCTGTTTGTCA 1160
LR R RS LR R SR SRR R RS RS R R R R RS RE R SRR TS R R R RS REEE R R R R R R RS
hrchi60B3 CCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATCAARGCAGCAGCAGCTGG 1183
hrchi60B5 CCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATCAAGCAGCAGCAGCTGG 1243
hrchi60B20 CCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATCAAGCAGCAGCAGCTGG 2036
hrchi60B1 CCTATGACGATGCCGAGAGCTITCAAATACAAAGCGAAGTACATCAAGCAGCAGCAGCTGG 1705
hrchi60B24 CCTATGACGATGCCGAGAGCTTCAAATACAAAGCGAAGTACATCAAGCAGCAGCAGCTGG 1220

hhkhkkhkhkhk Rk dkhhkAhkdhkh Ak hkhkhkrhdkhdhhkhkhhkhkh kb drhdkhkFdrhdkhkdrhhkhkhrhhhkhrkhxx

hrchi60B3 GCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGCGATCTGCTGGCCGCGL 1243
hrchi60B5 GCGGCGTAATGTTICTIGGCATTITGGGGCAAGACAACCGCAACGGCGATCTGCTGGCCGCGC 1303
hrchi60B20 GCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGCGATCIGCTGGCCGLCGL 2096
hrchi60B1 GCGGCGTAATGTTCTGGCATTTGGGGCAAGACAACCGCAACGGCGATCTGCTGGCCGLGL 1765
hrchi60B24 GCGGCGTAATGTTCTIGGCATTITGGGGCAAGACAACCGCAACGGCGATCTGCTGGCCGCGC 1280
HK K ok ok ok ok kK ok ok ok ok kK ok ok ok ok ok ok ok ok ok ok Kk ok ok ok ok ok k ok ok ok ok kK k kK kK K k ok ok ok Kk kK
hrchi60B3 TGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTGGATATGGGCACCGGCC 1303
hrchi60B5 TGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTGGATATGGGCACCGGCC 1363
hrchi60B20 TGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTGGATATGGGCACCGGLCE 2156
hrchi60B1 TGGATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTGEATATGGGCACCGGLCE 1825
hrchi60B24 TGCATCGCTATTTCAACGCCGCAGACTACGACGACAGCCAGCTGGATATGGGCACCGGTC 1340

R I i S i S S S S S S S S S

Figure 3.27 Nucleotide sequence alignment of chimeric chitinase genes of

pHRCHI60B: hrchi60B1, 3, 5, 20 and 24 (continued)



hrchi60B3 TGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACCGCGCCGGCCTATGTGC
hrchi60B5 TGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACCGCGCCGGCCTATGTGC
hrchi60B20 TGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACCGCGCCGGCCTATGTGC
hrchi60B1 TGCGATATACCGGCGTCGGCCCCGGCAATCTGCCGATCATGACCGCGCCGGCCTATGTGC
hrchi6eO0B24 TGCGATATACCGGCGTCGGCCCCGGCAACCTGCCGATCATGACCGCGCCGGCCTATGTGC

prn s st s TR ' ¢ st A A A
hrchi6OB3 ?ACCAAGGCTACGTCTGGCAGACCA
hrchi60B5 CCAAGGCTACGTCTGGCAGACCA
hrchi60B20 CAAGGCTACGTCTGGCAGACCA
hrchi6OB1 \( AGGCTACGTCTGGCAGACCA
hrchi60B24 mTACGTCTGGCAGACCA
hrchi60B3 GGTGGGCCGCC
hrchi6 0BS5S TGAAGGTGGGCCGCC
hrchi6e0B20 GGTGGGCCGCC
hrchi60B1 GCTGAAGGTGGGCCGCC
hrchi6eOB24 GAAGGTGGGCCGCC
hrchi6O0B3
hrchi60B5
hrchi60B20
hrchi6OB1
hrchi60B24

CA

Figure 3.27 Nucleotide sequence alignment of chimeric
pHRCHIGOB: h A
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1363
1423
2216
1885
1400

1423
1483
2276
1945
1460

1483
1543
2336
2005
1520
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Nucleotide sequences of pHRCHI60BI1, 3, 5, 20 and 24 were analyzed to find
recombining site by using BLAST. Figure 3.28 shows the graphical view of
recombination site between chi60 and chiB of each chimera. After that, gene
sequences were then translated to amino acid sequences using EMBOSS Transeq
program which showed that pHRCHI60B20 and pHRCHI60B24 had single base
frame-shifted and could net translate through the entire gene. Amino acid sequences
of HRCHI60BI1, 3 and 5 were also sent to. BLAST to find recombining regions.
Recombined regions obtained from nucleotide blast and protein blast of HRCHI60BI,

3 and 5 are shown 1n figure3.29, 3.30 and 3.31, respectively.

3. Three dimensional structure prediction of HRCHI60B1, HRCHI60B3

and HRCHI60BS
Amino acid sequences of HRCHI60B1, HRCHI60B3. and HRCHI60BS were
submitted to HHpred interactive server for structure prediction. Predicted 3D structure
of HRCHI60B3, HRCHI60B5 and HRCHI60B1 were visualized by Rasmol version
2.7.4.2 as shown in figure 3.32, 3.33 and 3.34 respectively. Part of Chi60 structure is
displayed in blue and part of ChiB is displayed in yellow. The conserved active site
motif of family 18 chitinase is shown in red color which is not observed in

HRCHI60B3.

4. Expression of HRCHI60B
pHRCHI60B1-77 and pHRCHI60BM1-6 were retransformed into E. coli
DHS5a and cultured in LB broth containing 100 pg/ml ampicillin for 3 days in
incubator shaker at*37°C. Chitinases in supernatant were collected by centrifugation
at 5,000 g for 10 minutes at 4°C and prepared for chitinase activity assay. Figure 3.35
shows protein expression of HRCHI60B3, HRCHI60BS and HRCHI60B1 analyzed
by SDS-PAGE.

5. Chitinase activity assay of HRCHI60B
5.1 Determination of chitinase activity by measuring reducing sugar
Chitinolytic activity of all chimeras was assayed as described by
Imoto and Yagishita (1971). With transformants of pCHI60B as positive control and
pBS/SK" as negative control, activity was first assayed under phosphate buffer pH 6.0
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Query: hrchi60Bl Molecule type: nucleic acid Query Length: 2013
Serratia sp. TUO9 chitinase (Chi60) gene, complete cds
Length=2847

Query 841 TTCTTCTTCATGGGCGATAAGGTGAAGCGCGATCGCTTCGTCGGTTCGGTGAAAGAGTTC 900

FErrrrrrrrer e e e e e e e e e e e e e e e e
Sbjct 1170 TTCTTCTTCATGGGCGATAAGGTGAAGCGCGATCGCTTCGTCGGTTCGGTGAAAGAGTTC 1229

Query 901 CTGCAGACCTGGAAGTTCTTCGATGGECGTGGATATCGACTGGGAGTATCCGCAGGCGGC 959
FECTTEEEEEE e e e e s B R st et
Sbjct 1230 CTGCAGACCTGGAAGTTCTTCGATGGCGTIGGATATCEACTIGGGAGT-TCC-CGGGCGGC 1286

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)
Length=1500

Query 918 CTTCGATGGCGTGGATATCGACTGGGAGTATCCGCAGGCGGCGGAAGTIGGACGGTTTCAT 977

R R RN R R R R R R N R RN
Sbjct 405 CTTCGACGGCGTGGACATCGACTGGGAGTATCCGCAGGCGGCGGARGTGGACGGTTICAT 464

Query 978 CGCCGCGCTGCAGGAGATCCEGCACCTTGCTGAACCAGCAAACCATCGCGGACGGCCGCCA 1037
FETT T T | 1L | | L1 IR AL PO | Tl | | T Tl |
Sbjct 465 CGCCGCGCTGCAGGAGATCCECACCTTGCTGAACCAGCAAACCATCGCGGACGGCCGCCA 524

Query: HRCHI60B1 Molecule type: amino acid Query Length: 670
Chitinase [Serratia sp. TUO9]Length=563

Query 241 GVTAWDDPYKGNFGQLMALKQAHPDLKILPSIGGWILSDPFFEMGDKVKRDRFVGSVKEEF 300
GVTAWDDPYKGNFGQLMALKOAHPDLKILPSIGGWTLSDPFEFFMGDKVKRDRE VGSVKEE
Sbjct 241 GVTAWDDPYKGNEGOLMALKQAHPDLKILPSIGGWILSDPFFFMGDKVKRDREFVGSVKEE W 300

Query 301 LQTWKFFDGVDIDWEYP-——=~-———-— QAAEVDGFIAALQEIRTLLNQQTIADGRQALPY 350
LOTWKFEFDGVDIDWE+P i G S+ +F+R RERO GR+ Y
Sbjct 301 LQTWKFFDGVDIDWEFPGGKGANPNLGSPQODGETYVLLMKELRAMLDQLSAETGRK-—=Y 357

Chitinase B [Serratia marcescens]Length=499

Query 304 WKF-—-——————-——= EDGVDIDWEYPQAAEVDGFIAALQEIRTLLNQQTIADGRQALPYQ 351
KF FDGVDIDWEYPQAAEVDGFITAALQEIRTLLNQQTI DGRQALPYQ
Sbjct 120 AKFAQSCVRIMKDYGFDGVDIDWEYPQAAEVDGFIAALQEIRTLLNQQTITDGRQALPYQ 179

Query 352 LTIAGAGGAFFLSRYYSKLAQIVAPLDYINLMTYDLAGPWEKITNHQAALFGDAAGPTFY 411
LTIAGAGGAFFLSRYYSKLAQIVAPLDYINLMTYDLAGPWEK+TNHQAALFGDAAGPTFY
Sbjct 180 LTIAGAGGAFFLSRYYSKLAQIVAPLDYINLMTYDLAGPWEKVINHQAALFGDAAGPTFY 239

>HRCHI60B1

92

MRKEFNKPLLALLIGSTLCSAAQAAAPGKPTIAWGNTKFAIVEVDOQAATAYNSLVKVKNAADVSVSWNLWNGDTGTT

AKVLLNGKEAWSGPSTGSSGTANFKVNKGGRYOMOVALCNADGCSASDATEIVVADTDGSHLAPLKEPLLEKNKPY

KONSGKVVGSYEFVEWGVYGRNEFTVDKIPAQNLTHLLYGFIPTICGGNGINDSLKEIEGSFQALQRSCQGREDEFKVST

HDPFAALQKAQKGVTAWDDPYKGNEFGQLMALKQAHPDLKILPSIGGWTLSDPFFFMGDKVKRDREFVGSVKEFLQTW

KFFDGVDIDWEYPQAAEYDGEIAALQEIRTLLNQQTIADGR@ALPYOLTIAGAGGAFFLSRYYSKLAQIVAPLDYI
NLMBYBT.AGBWEK WENHOAATEGDARGR T EYIN AL REANL GWSWE Bl TRAF PSPE S HTYDAAVQOHIEMMEGVP SAK T

VMGHRHY GREF KGVEE AN GGl s HETBGEP FPNAD i GE DE BV RBK BPR EA S YROTE OM.OGNY GYORLWND
KTKT YLy HRONGLFVT Y DDAESF Y K AK YFRO 00T G AVMFWHL GEDNRNEBELAAL DR YFNAADYBDSQLDMGTG

iMNgNe" CPGNLPIMTAPAYVPGTTYAQGALVSYQGYVWQTKWGYITSAPGSDSAWLKVGRLA

Figure 3.29 Recombination site of HRCHI60B1

Fasta format of deduced amino acid sequence is displayed below. The underlined

sequences are recombination site between Chi60 and light grey highlighted ChiB. The

dark grey highlighted sequences with white alphabets represent ChBD of ChiB.
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Query: hrchi60B3 Molecule type: nucleic acid Query Length: 1491
Serratia sp. TUO9 chitinase (Chi60) gene, complete cds
Length=2847

Query 781 CAGGCGCATCCTGACCTGAAAATTCTGCCGTCGATCGGCGGCTGGACGCTGTCCGACCCG 840

FErrrrrrrrer e e e e e e e e e e e e e e e e
Sbjct 1110 CAGGCGCATCCTGACCTGAAAATTCTGCCGTCGATCGGCGGCTGGACGCTGTCCGACCCG 1169

Query 841 TTCTTCTTCATGGGCG 856

Sbjct 1170 TTCTTCTTCATGGGCG 1185

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)
Length=1700

Query 848 TCATGGGCGTGCCCTTCTACGGCCGCGCCTTCAAGGGCGTCAGCGGCGGCAACGGCGGCC 907
RN R R R R R R N R RN
Sbjct 857 TCATGGGCGTGCCCTTETACGGCECECGCCTTCAAGGGCGTCAGCGGEGGCAACGGLGGCC 916

Query 908 AGTACAGCAGCCACAGCACGECCGGGCGAAGATCCGTATCCGAACGCCGATTACTIGGCTGG 967

RRRREE" _SHRWEF" W RN AT R R TR Y T Y Y
Sbjct 917 AGTACAGCAGCCACAGCACGECGGEGCGAAGATCCGTATCCGAACGCCGATTACTGGCTGG 976

Query: HRCHI60B3 Molecule type: amino acid Query Length: 496
Chitinase [Serratia sp. TU09]Length=563

Query 181 AQNLTHLELYGFIPICGGNGINDSLKEIEGSFQALQRSCQGREDFKVSIHDPEFAALQKAQK 240
AQNLTHLLYGF IPICGGNGINDSLKEIEGSFQALQORSCQGREDFKVSIHDPFAALOKAQK
Sbjct 181 AQNLTHLLYGEIPICGGNGINDSLKEIEGSFQALQRSCOGREDFKVSIHDPFAALQKAQK 240

Query 241 GVTAWDDPYKGNFGOLMALKOAHPDLKILPSIGGWTILSDPFFFMG 285
GVTAWDDPYKGNEGOLMALKQAHPDLKILPSIGGWTILSDPEFEEFMG
Sbjct 241 GVTAWDDPYKGNEGQLMALKQAHPDIKILPSIGGWTLSDPFFFMG 285

Chitinase B [Serratia marcescens]Length=499

Query 284 MGVPFYGRAFKGVSGENGGQYSSHSTPGEDPYPNADYWLVGCDECVRDKDPRIASYRQLE 343
MGVPFYGRAFKGVSGGNGGQYSSHSTPGEDPYPNADYWLVGCDECVRDKDPRIASYRQLE
Sbjct 287 MGVPFYGRAFKGVSGGNGGQYSSHSTPGEDPYPNADYWLVGCDECVRDKDPRIASYRQLE 346

Query 344 QMLQGNYGYQRLWNDKTKTPYLYHAQONGLFVIYDDAESFKYKAKYIKQQOQOLGGVMFWHLG 403
OMLQGNYGYQRLWNDKTKTRPYLYHAQNGLEVTYDDAESEFKYKAKYIKQOOQLGGVMFWHLG
Sbjct 347 QOMLOGNYGYQRLWNDKTKTPYLYHAQNGLFVTYDDAESFKYKAKYIKQQOLGGVMEWHLG 406

>HRCHI60B3

MRKFNKPLLALLTFGSTLCSAAQAAAPGKPTIAWGNTKFAIVEVDQAATAYNSLVKVKNAADVSVSWNLWNGDTGTT
AKVLLNGKEAWSGPSTGSSGTANFKVNKGGRYQMOVALCNADGCSASDATE IVVADTDGSHLAPLKEPLLEKNKPY
KQNSGKVVGSYFVEWGVYGRNF TVDKIPAQNLTHLLYGF IPICGGNGINDSLKETEGSFQALORSCQGREDFKVSI
HDPFAALQKAQKGVTAWDDEYKGNFGQLMALKQAHPDLKILRS LGGWTLSDPFFFMGVPE YGRAFKGVSGENGCGOY
SSHSEREE DR YRNABY WL VGEDE GVRPKDBRT AS YR QLE QUMEQCNY GY QR LIWNBK BKL P LIHAQNGLEF VT YDDAE
sFR¥RRK Y Tk odorGe viMrwHIGoONRNG O Aa [BR i NAAD YDBE§E DMET LR Y fC e S G Ty e S alle

Y AQG ATV SYOGY VIWOTFKNG INES APCSD S ANNKVER A

Figure 3.30 Recombination site of HRCHI60B3

Fasta format of deduced amino acid sequence is displayed below. The underlined
sequences are recombination site between Chi60 and light grey highlighted ChiB. The
dark grey highlighted sequences with white alphabets represent ChBD of ChiB.



Query: hrchi60B5 Molecule type: nucleic acid Query Length: 1551
Serratia sp. TUO9 chitinase (Chi60) gene, complete cds
Length=2847

Query 901 CTGCAGACCTGGAAGTTCTTCGATGGCGTGGATATCGACTGGGAGTTCCCGGGCGGCAAC 960

Frrrrrrrr e e e e e e e e e e e e e e e e e
Sbjct 1230 CTGCAGACCTGGAAGTTCTTCGATGGCGTGGATATCGACTGGGAGTTCCCGGGCGGCAAA 1289

Query 961 GGCGGCCA 9638
LR T
Sbjct 1290 GGCG-CCA 1296

Serratia marcescens chiB gene for chitinase B (EC 3.2.1.14)
Length=1700

Query 952 GGCGGCAACGGCGGCCAGTACAGCAGCCACAGCACGCCGGGCGAAGATCCGTATCCGAAC 1011

R R R R R R N R RN
Sbjct 901 GGCGGCAACGGCGGECEAGTACAGCAGCCACAGCACGCCGGGCGAAGATCCGTATCCGAAC 960

Query 1012 GCCGATTACTGGCTGGTGGGECTGCGACGAGTGCGTGCGCGACAAGGATCCGCGCATCGCC 1071
RRRREE" _SHEWEF" W EN AT R R TR T T Y
Sbjct 961 GCCGATTACTGGCTIGETGGGETGEGACGAGTGEGTGCGCGACAAGGATCCGCGCATCGEC 1020

Query: HRCHI6O0BS5 Molecule type: amino acid Query Length: 516
Chitinase [Serratia sp. TU09]Length=563

Query 241 GVTAWDDPYKGNEGOLMALKQAHPDLKILPSIGGWILSDPFFFMGDKVKRDRFVGSVKEE 300
GVTAWDDPYKGNFGQLMALKQAHPDLKILPSIGGWTLSDPFFFMGDKVKRDREFVGSVKEF
Sbjct 241 GVTAWDDPYKGNFGQLMALKQAHPDLKILPSIGGWILSDPFFFMGDKVKRDRFVGSVKEF 300

Query 301 LQTWKFEDGVDIDWEFPGGNG 321
LOTWKFFDGVDIDWEFPGG G
Sbjct 301 LOTWKFFDGVDIDWEEPGGKG ! 321

Chitinase B [Serratia marcescens]Length=499

Query 318 GGNGGQYSSHSTPGEDPYPNADYWLVGCDECVRDKDPRIASYRQLEQOMLOGNYGYQRLWN 377
GGNGGQYSSHSTPGEDPYP+ DYWLVGC+ECVRDKDPRIASYROLEQMLQGNYGYQRLWN
Sbjct 301 GGNGGQYSSHSTPGEDPYPSTDYWLVGCEECVRDKDPRIASYROTEQMLQOGNYGYQRLWN 360

Query 378 DKTKTPYLYHAQNGLEFVTYDDAESEFKYKAKYIKQQOLGGVMFWHLGODNRNGDLLAALDR 437
DKTKTPYLYHAQNGLFVTYDDAESFKYKAKY IKOQOLGGVMFWHLGODNRNGDLLAALDR
Sbjct 361 DKTRIPYLYHAQNGLFVTYDDAESFKYKAKYIKQQOLGGVMFWHLGODNRNGDLLAALDR / 420

>HRCHI60BS
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MRKENKPLLALLTGSTLCSAAQAAAPGKPTIAWGNTKFAIVEVDOAATAYNSLVKVKNAADVSVSWNLWNGDTGTT

AKVLLNGKEAWSGPSTGSSGTANFKVNKGGRYQMQOVALCNADGCSASDATEIVVADTDGSHLAPLKEPLLEKNKPY

KONSGKVVGSYFVEWGVYGRNEF TVDKIPAQNLTHLLYGFIPICGGNGINDSLKETEGSFQALQRSCQGREDEFKVST

HDPFAALQKAQKGVTAWDDPYKGNFGQLMALKQAHPDLKILPS IGGWTLSDPFFFMGDKVKRDREFVGSVKEFLQTW

KFFDGVD I DWEFP GGNGEQWSSHSTP SEDRYPNADY Wi GEDECVRDKDPREAS YROLE QMEQGNYEY ORLIWNDK T
KTENEYEAONGIF VY ODAE SEK Y KK ¥ KOO GEVMFWHLEODNRNE D DA AL DRYFNAASYDDSOT.DMGTGLR

p@Ne VGPCGNLP IMTAPAYVPGTITYAQGALVSYQGYVWQTKWGY ITSAPGSDSAWLKVGRLA

Figure 3.31 Recombination site of HRCHI60BS5

Fasta format of deduced amino acid sequence is displayed below. The underlined

sequences are recombination site between Chi60 and light grey highlighted ChiB. The

dark grey highlighted sequences with white alphabets represent ChBD of ChiB.
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Figure 3.33 Homology mocd '-, ncture of HRCHI60B3
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Figure 3.34 Homology mo W— f HRCHI60BS
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97 kDa .

66 kDa'

45 kDa

30 kDa

Figure 3.35 SDS-PAGE analysis of crude HRCHI60B3, HRCHI60B5S and
HRCHI60B1

Lane M Standard protein marker

Lane 1 HRCHI60B3

Lane 2 HRCHI60B5

Lane 3 HRCHI60B1

Lane 5. pBS/SK' in E. coli DHS5a
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and incubated at 37°C for 60 min using PNAC as soluble chitin substrate and
colloidal chitin as insoluble substrate. Unfortunately, all chimeras showed no
chitinolytic activity under this condition including HRCHI60B76 and 77 that were
screened by hydrolytic activity assay. Buffering system was also changed to citrate
buffer pH 4.0 and Tris-HCI buffer pH 8.0 and changing of expression host to E. coli

Origami (DE3) was also tried, but there were still no activity observed.

5.2 Determination of chitinase activity of HRCHI60B by TLC
Chitinase.~ activity . with  chitooligosaccharides substrate  of
HRCHI60B3, HRCHI60BS and HRCHI60B1 were assayed in phosphate buffer pH
6.0. Products of reaction were detected by TLC which indicated that there was no

product observed as shown in figure 3.36.

Mutation mediated by ultraviolet radiation of HRCD66B1

With an attempt to find functional chimeric chitinase, pHRCD66B1 was
transformed into E. coli DHS5a and 100 pl aliquots were spread onto 6 plates of
CCMM agar plate with ampicillin. Cultured plates were then radiated with UV for 0,
5, 10, 30, 50, and 80 seconds and incubated at 37°C for 12-16 hours. Result showed
that only cultured plate radiated with UV for 5 seconds was found to have 5 forming
colonies but no clear zone was observed. These five colonies were then expressed and
assay for chitinolytic activity by the same procedure as. previously mentioned.

Unfortunately, all mutants still showed no chitinolytic activity.
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Figure 3.36 Hydrolytic pr ducts u -"' DB3, HRCHI60BS and HRCHI60B1
determlnedET C
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CHAPTER IV

DISCUSSION

Construction of chimeric chitinases

1. HRCD66B screened from LB agar plate with ampicillin

Screening of echimeras with this method is a phenotypic screening that forced
transformants to repair linearized plasmid with ampicillin resistance gene in order to
survive on ampicillin'media. At the first screening, we found 12 out of 39 colonies
that contained.appropriated size of chimeric chitinases genes and four of these
appeared to be wild-type pCD66B that might be an incompletely digested background
from the linearized pCD66B preparation step. At second screening, we observed a lot
more 86 colonies that could survive on LB with ampicillin, but most of them
contained unrecognizable plasmids as shown in appendix B and C. Only 8 colonies
were found to have plasmids with appropriated gene size and one of them was
pCD66B. These results suggested that around .1 pg of linearized plasmid could
produce around 8 forming colonies with proper chimeric genes. Further nucleotide
sequencing and sequences alignment of these chimeras (figure 3.12) revealed that
there were actually 5 individuals with gene size of 1.34, 1.57, 1.65, 1.67 and 1.68 kb

as shown in group in table 3.1.

2. HRCD66B screened from CCMM broth with ampicillin

Screening with. CCMM method was carried out for more specifically
phenotypic screening. Compared with positive and negative control, 2 out of 12
aliquots clearly showed a potential to grow in CCMM broth with ampicillin. One of
these contained unrecognizable plasmid while another one contained pHRCD66BM1
which had chimeric gene size of 1.76 kb. Interestingly, nucleotide sequence of
hrcd66Bml, which was also aligned with other hrcd66Bm shown in figure 3.12, was
found to be unique from those screened by LB agar plate screening method. This type
of recombination might be involved in the ability to grow in CCMM media so that

analysis of sequences was studied.
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3. HRCHIG60B screened from LB agar plate with ampicillin

Screening of HRCHI60B with this method has significant differences
compare with HRCD66B screening. At the first screening, we found 26 out of 46
colonies that contained appropriated size of chimeric chitinases genes with no
background of pCHI60B but at the second screening, we observed a lot more 228
colonies that could survive on LB with ampicillin from the same amount of around 1
ug of linearized plasmid. At first glance we thought that most of them should be the
undigested pCHI60B background, so that 68 colonies were randomly picked and
plasmids were extracted. Surprisingly, 49 of them were found to have plasmids with
appropriated gene size. The difference in ratio of forming colony might occur because
of the decreasing in efficiency of E. coli JC8679 competent cell. Strategy for
screening the other 160 colonies was then changed in order to find chimeras with
functional chitinases.  Result from roughly measuring hydrolytic activity of
supernatant from 160 colonies in table 3.2 shows that AA4y, value of colony 111 and
227 were 0.14 and 0.10. The activity assays were then checked by measuring 3
repetitive of AAspo values and results still showed significant differences. Plasmids

from this step of screening were collected and grouped by similarity of gene size.

4. HRCHIG60B screened from CCMM broth with ampicillin

Screening of HRCHI60B with CCMM method was. carried out and also
found to have some problems in screening. Compared with positive and negative
control, 4 out-of 18 aliquots could grow in CCMM broth with-ampicillin. But at the
second and third screening, negative control which is the transformant of pBS/SK" in
E. coli ToplO could grow in CCMM broth containing ampicillin. This result
suggested that not only tansformants with functional chitinase but also transformants
with ampicillin' resistance could grow in CCMM broth containing ampieillin. Thus,
the cultures were further incubated for 5 days to observe the decreasing of colloidal
chitin which will indicate the culture tubes with functional chitinase. Unfortunately,
positive control itself could only grow in CCMM broth containing ampicillin but no
significant decrease in colloidal observed. These all results suggested that screening
for HRCHI60B by CCMM with ampicillin method could only screen for chimeras
with recombined plasmid with ampicillin resistance gene and this might affect the

CCMM screening of HRCDG66B too. Nevertheless, pHRCHIO60BM1-6 were
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extracted and grouped together with pHRCHI60B1-75 screened from LB agar with

ampicillin.

Sequences analysis of pHRCD66B

Nucleotide sequences and translated amino-acid sequences of HRCD66BI1, 6,
15 and M1 were analyzed to find recombining site by using BLAST and these results
showed that some of homologous recombination occurred at homologous regions that
we didn’t expect. Figure 4.1 shows pairwise alignment of nucleotide sequences
between CatDChi66 and CatDChiB and recombination site of each chimera was
highlighted. HRCD66B 1, a representative of HRCD66B3, 9, 10, 13, 14, 17, 19 and 20
that have 1.67 kb gene size, has recombined region highlighted in yellow. This region
appeared to be in the most similar region between CatDChi66 and CatDChiB,
moreover, these homologous sequences are encoded to FDGVDLDWE which is the
active site motif of family 18 chitinase. By all means, HRCD66B1 is a chimeric
chitinase constructed from homologous recombination between CatDChi66 and ChiB
at the active site. Predicted structure of HRCD66B1 was successfully achieved as
shown in figure 3.18 which we can see that green color of CatDChi66 are connected
to yellow color of ChiB through orange color of active site and the overall structure of
catalytic domain could still retain the (B/a)g barrel structure.

Next, HRCD66B6 and 8 which have 1.68 kb gene size have recombined
region highlighted 1 green. This region is one of the regions with high homology as
detected by pairwise alignment. From protein BLAST result, this region is found to be
located on C-terminal side of the active site which is clearly displayed in the predicted
structure (figure 3:19)."As we can see from. the figure, most part of catalytic domain
derived from CatDChi66 (green). This structure also shows that the overall structure
of catalytic domain could still retain the (B/a)g barrel structure too, but there is an
additional loop which used to folded into N-terminal chitin binding loop in original
CatDChi66. This loop might be caused by prediction program that based on the
folding of CatDChiB and this might corrupt the actual folding of catalytic domain.

Next one is HRCD66B15 with 1.34 gene size. Recombined region of
HRCDG66B15 highlighted in red was not found in the homologous region computed
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CatDChi66 386 TCTGGGATGAACCG---ATCCHBBBBAACTTTAAACAATTGTTGAAGCTG 432
catpchin 221 Do GOTOAMCETTTAMCECG———CT————CA——————AGCSE 250
CatDChi66 433 AAAAAGAGCCACCCT---CATTTGAAAACGTTCATATCGGTCGGGGGGTG 479
catbenin 251 ACRA—CCOCAGCCTGOGCAT - --~CATGTTC-—~TCCATCOG0E0TG 290
CatDChi66 480 G-ACTTGGTCTAACCGCTTTTCAGA--—————— TGTCG--CGGCAGAT -~ 516
catpenin 201 erac-tacechlb 444 CATCTGGGCGTGTCOCACGECARCTAC 330
CatDChi66 517 ——4 e e th 2 1§ CETGEEGCARGGGAG-~~~AATTTCGCC———— 540
CatDChiB 331 GTCAACGCGGTGAAAACCééé(lié(g(‘;é————C‘E(.IC‘;CACCJAZLéé'LééC‘JéCAAT 376
CatDChi66 541 GCTTCGGCCETTGAG--TTTTTAAGGARATACGGGITTGACGGGGTCGAT 588
377001606~ - COGOATCATCARGG-ATTACGRCTIOEACCOLCTEGRE 420
CatDChi66 5894 CTTGACTEGGAATATCCGGTCAGCGGAGGATIGCCGGGGARCAGCACACG 638
catochin P ot AT B S S R ccon ¢ as
CatDChi66 6394 TCCGEAAGATAAAAGAAACTACA- CGETGETCCTGCARGAGGT GCGCARR 687
catocnin .l d R AR e oo ass
CatDChi66 688 AAACTTGACGCTGCAGAAGCARR —&— == AGACGG---~CARGGAATAC 726
catocni soiffacg i O R A AN O e 52
CatDChi66 727 -TIGCH e TGAGEA TCGCATCECECGEARG—— w8 ———— TCC 755
catpenif 526 frrcfcamcabizeackrTol Gecackoo JMocTIcTTee 574
CatDChi66 756 & CGATTATGTAAGCAACACTGAGCTCGATARAATCG - ——————— 790
catpchin 8 ol ceccoinpen s smeth ;A ek cpantcbicaccecn 61
CatDChi66 791 \ETCARACCGTGGATTGGATTAACAT TANCMOMIA TGA-CTTTAATGGCGG 839
catbenin coffcre ShrTACATCARG: G or 1t TcCe 652
CatDChi66 840 --<“ATGGCA-AAGCATAAGCGCCCATAATGCACCGCTGTTCTATGA-—— 881
653 ooRCETCREAGARC ATCACRRREOIOPA coCocaeTaT I SotAcee 701
CatDChi66 882 g —=ooohads b TCCAA——————————— AAGC—————— 890
[ ol bl | |
CatDChiB 702 GGCCGGGCCGACCTTCTACAACGCACTGCGCGAAGCCAATC TGSMIGEA 751
CatDChi66 891 —-——GAAAGAAGCAG-————— GCGTTCCAAA-——CGCTGAGACCT-ACAA 926
carocli 757 IRTGG ARG RS TACOCaCCe TTOCCAGOCORTIAE G Tdnt —— 797
CatDChi66 927 TATTGAAAACACTGTGAAAC-GCTAC-————— AAGGAAGCCGGTGTCAAG 969
798 GETCGACECCACORTERAREAGE ACCTGATGATGGRRCAE BTECC & 843
CatDChi66 970 GGTGACAAATTAGT-—--— GCTTGGAACACCGTTCTACGG—————————— 1004
catpchin Bl s cccccannircetcatceccihigdl-cosTIeTACGGCCRCGECTIC 888
CatDChi66 1005 ARGGH 2+ -S== - BESEE G ccTIGTGAACCAG-—~GGGGGCAC- = || 1038
cathofile PR ANSR A0 A ey NN

Figure 4.1 Pairwise alignment of nucleotide sequences between CatDChi66 and
CatDChiB

The alignment was achieved using EMBOSS Pairwise’ Alignment with EMBOSS:
water (local) method. Recombined region of HRCD66B1 i1s highlighted in yellow,
recombined region of HRCD66B6 is highlighted in green, recombined region of
HRCD66B15 is highlighted in red and recombined region of HRCD66BMI is
highlighted in pink.
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by pairwise alignment. From the sequences alignment in figure 4.1 together with
protein BLAST in figure 3.16, this recombination occurred at N-terminal of
CatDChi66 and recombined with C-terminal of CatDChiB which skipped the major
part including active site of the catalytic domain, resulting in the improper folding of
predicted structure shown in figure 3.20.

The last one screened on CCMM is HRCD66BM1. Recombined region of
HRCD66BM1 highlighted in pink was not found in the homologous region computed
by pairwise alignment neither but the major part of catalytic domain was still present
in CatDChi66 part. From figure 4.1, recombined region of HRCD66BM1 is located
near the HRCD66B6’s but  the sequences of ecatDchi66 at bp 1009-1017 are
recombined to sequences of chiB at bp 745-753. This recombination leads to structure
that has N-terminal leop similar to HRCD66B6 and the extra loop connected between
catalytic domain and ChBD of ChiB caused by recombination as shown in figure
3.21. The (B/a)g barrel core structure of catalytic domain seems to be properly folded
with extra loop placed on top of the domain which is clearly showed by side viewed

display in figure 4.2.

Sequences analysis of pHRCHI60B

Chimerie genes of pHRCHI60B1-75 and pHRCHI60BM1-6 were grouped into
5 groups with gene size of 1.4, 1.5, 1.6, 2.0 and 2.3 kb and pHRCHI60BI1, 3, 5, 20
and 24 as the representatives of each group were sent for nucleotide sequencing of
chimeric genes. Nucleotide sequences alignment of each chimera confirmed that each
hrchi60B has its own recombined region. Since pHRCHI60B20 and pHRCHI60B24
were found to have single base frame-shifted, nucleotide sequences and translated
amino acid sequences of HRCHI60B1, 3 and 5 were analyzed to find recombining site
by using BLAST. Recombined region of each chimera were compared to a pairwise
alignment_of nucleotide sequences between CatDChi60 and CatDChiB shown in
figure 4.3. HRCHIG0BI as a representative of the largest group of HRCHI6OB was
firstly analyzed. Recombination site of HRCHI60B1 which is highlighted in yellow
appeared to be in a region encoded for active site motif of family 18 chitinase
(FDGVDIDWE). Hence HRCHI60B1 is a chimeric chitinase constructed by

homologous recombination between Chi60 and ChiB which recombines at the active
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Figure 4.2 Three di
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CatDChi60 291 ---GCGCTGAAA——————————— CAG-—-GCGCATCCTGACCTGAAAATT 323
CatDChiB 235 ACCééééiéA;AGCGCACAACCCé;éCCTéééég£éA}é 777777777 %é 275
CatDChi60 324 CTGCCGTCGATCGGCGGCTGG*777ACGCTGTCCGACCCGTTCTTCTTCI 369
S S S S S
CatDChi60 370 -GATAAGGTGAAGCGCGATCGCTTCGTCGGTTCGGTGAAA 777777 413
308 Tocee———dn MU i onnltacTeancoceeTeARRACCCSS 351
CatDChi60 414 ———————————— GAGTTCCTGCAGACCTG———————————— GAAG—--TT- 436
CatDChiB S GCGGCGCGCACCAAA};éééééAAiéé;écGTGCGCATCATéggéGA}%A 401
CatDChi60 437 ———CIICGATGGCGTGGATATCGACTGGCAGTTCCCG--GEGCEEGCAAAGG 481
— A ALLmamann ! T
CatDChi60 4820 CGCCAACCCGAACCTGGGCAGCCCGCAGGACGGGGAAACCTATGT———-G 527
= S By N Fitearce aee
CatDChi60 5284 CTGCTGATGAAGGAGCTGCGGGCGATGCTGGATCAG——==CTGTCGGCGG 573
AR L W\ s L S
CatDChi60 574 AAACCGGCCGCAAA-————————= TATGAACTGACCTCCGCCATCAGCGCC 614
sl ol e AT R R coecoce sss
CatDChi60 615 GGCAAGGACAAGATCG—————————=———=———— AT—————— AAGGTGGC 640
CatDChiB 559 éééA—éé ——————— ééCCTTCTTCCTGTCGCGCT;}TACAGCA;éé%ééé 599
CatDChi60 641 TTACAACGTTGCGCAGAACTCGATGGATCACATCTITCCTIGATGAGCTACG 690
B0 il i AN R W 6o
CatDChi60 691 ACTTCT--ATGGCGCCTTCGATCTGAAG———=——— AACCTGGGGCATCAGA 732
il ool el R Ll es
CatDChi60 733 CCGCGCTGAATGCGCCGGCCTGGAAGCCGGAC—-—ACCGCTTACACCACGG 780
T 683 CoMrar e A .| L e 29
CatDChi60 781 TGAACGGCGTCAATGCGCT--GCTGGCGCAGGGCGTCAAG——————— CCG 821
e e L e e GCpoacete 770
CatDChi60 822 GG—————— CAAGATCGT—————————— GGTCGGCACCGCCATGTATGGCC 855
catool e P
CatDChi60 856 GCGGCTGGACCGG--GGTGAACGGC-TACCAGA-—-ACAACAT--TC---— 894
513 ceacCa T caccoecaliMicormm  s6
CatDChi60 895 —-—CGTTCACCGGTACCGCCACTGGGCCGGTCAAAGGCACCTGGGAGAACG 942
B oo roracosee - R ARG e oo
CatDChi60 943 GCATCGTGGACTACCGCCAAATCGECGGECCAGTTCATGAGC————————— 983
FREINA el ot 8 k] A

Figure 4.3 Pairwise alignment of nucleotide sequences between CatDChi60 and
CatDChiB

The alignment was achieved using EMBOSS" Pairwise Alignment with- EMBOSS:
water (local) method. Recombined region of HRCHI60BI1 is highlighted in yellow,
recombined region of HRCHI60B3 is highlighted in red and recombined region of
HRCHI60BS is highlighted in green.
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site. Predicted structure of HRCHI60B1 shown in figure 3.32 clearly demonstrates the
recombination of Chi60 (blue) and ChiB (yellow) at the active site motif (orange).
The overall structure of catalytic domain could still retain the (B/a)g barrel structure.

Next, HRCHI60B3 as a representative of a group that has 1.4 kb gene size was
analyzed. Results from nucleotide BLAST combined with pairwise alignment in
figure 4.3 showed that HRCHI60B3, similar to- HRCD66B15, has a recombined
region at the site that was not found in the homelogous region computed by pairwise
alignment. This region highlighted in red is the recombination of N-terminal side of
CatDChi60 with C-terminal side of CatDChiB which leads to chimeric chitinase that
lacks the catalytie core including active site. Predicted structure of HRCHI60B3
displayed in figure 3:33 clearly shows the incomplete folding of catalytic domain.

HRCHI60BS as a representative of a group with 1.5 kb gene size also has a
recombined region at the site that was not found in the homologous region computed
by pairwise alignment. As shown in figure 4.3, this recombined region highlighted in
green is located ‘near the active site toward C-terminal side of CatDChi60 which
recombined with a very far C-terminal side of CatDChiB. Thus, this chimera also has

incomplete (B/a)g barrel catalytic domain as shown in figure 3.34.

Expression and chitinase activity assay of chimeric chitinase

Protein expression of both HRCD66B and HRCHI60B was not observed.
Chimeric chitinases, if successfully expressed, should have protein size ranging from
55 to 65 kDa based on deduced amino acid sequences. Results from SDS-PAGE
shown in figure 3.22 and 3.35 stated that there was no significant difference observed
compared with negative control. Reasons for these results should be that (1) there was
low level of expression under promoter of Chi60, or (2) there was a problem in
protein folding of chimeras that might cause protein translation to stop or degrade
rapidly. Anyhow, chitinase activity of the chimeras was still assayed. For HRCD66B
chimeras, chitinolytic activity of HRCD66B1, HRCD66B6, HRCD66B15 and
HRCD66BM1 whose chimeric genes were already analyzed to have proper coding
sequences were assayed. Unfortunately, result suggested that all HRCD66B showed
no chitinase activity on any substrates including HRCD66BM1 that were screened

from CCMM method. To avoid missing of active chimeras, all chimeric plasmids
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pHRCHI60B1-77 and pHRCHI60BM1-6 were expressed and assayed for chitinase
activity, since nucleotide sequences of only representatives has been studied.
Unluckily, all the chimeras still showed no activity including HRCHI60B76 and 77
that were screened hydrolytic activity assay and HRCHI60BM1-6 that were screened
by CCMM method.

The Attempts to find functional chimeric chitinase

1. Mutation mediated by ultraviolet radiation of HRCD66B1

Since HRCD66B1 is the chimeric chitinase constructed from CatDChi66 and
ChiB which recombined at exactly the active site and the predicted structure showed
the most possible folding to be functional chitinase, it was chosen to try random
mutation mediated by UV radiation. We hypothesized that some natural mutation on
the nutrient stress condition should force this chimera to function in order to survive,
thus phenotypic screening on CCMM agar plate with ampicillin was used. After UV
radiation for 5 seconds, there were 5 small forming colonies that could survive on
CCMM agar plate with ampicillin but still no clear zone was observed. Further
expression and chitinolytic activity assay were achieved and no activity observed.
This result together with the evidence of HRCHI60B screening by CCMM method
implied that bacterial transformants could still grow in minimum media with just little

yeast extract as carbon source.

2. Expression system changing of HRCD66B1

pHRCD66B1 was constructed from pBS/SK™ as base vector with promoter of
Chi60 as a ‘strong promoter of chitinase gene which consequently made this
expression «system uncontrollable. The approach to control the expression is to
exchange hrcd66B1 gene to other expression vector. Firstly, we tried pTrcHis2C
system which contains inducible lac. operon and His tag for further purification.
hrcd66B1 gene was successfully subcloned into pTrecHis2C at restriction sites of Neol
and Kpnl but the size of vector was decreased from 4.4 kb to 3 kb (data not shown).
Hence, the expression vector was changed to pET19b vector which also contains
inducible lac operon and His tag. Primers were designed for subcloning of hrcd66B1

into pET19b at restriction sites of Ndel and Xhol. Ligation reaction of hrcd66B1 into
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pET19b via Ndel and Xhol sites was tried out but the effort was unsuccessful (data

not shown).

3. Construction of chimeric chitinase by genetic engineering

The attempt to construct a new chimera by genetic engineering at specific
site was conducted since we observed many non-function recombinants from the in
vivo homologous recombination. Figure 4.4 shows parts of protein and nucleotide
sequences alignment of between Chi60 and ChiB with designed recombining site
highlighted in pink color..This tegion was chosen since it lined in the turn loop of
catalytic domainat non-homology sequences mnear the active site thus, this
recombination might not interfere the folding of catalytic domain. This was confirmed
by 3D structure prediction as shown in figure 4.5 where pink color indicated
recombination site. Primers shown in table 4.1 are designed for recombination by
silence mutation of nucleotide sequences. that encoded for Lys Ile in chi60 and Lys
Leu in chiB into HindIIl restriction site. Strategy for recombination by genetic
engineering of Chi60 and ChiB starts with cloning of chi60 part with forward primer
specific to start codon of chi60.and designed reversed primer. This chi60 piece will be
ligated into pET19b vector. Then, chiB part will be cloned using designed forward
primer and reversed primer specific to stop codon of chiB. Finally, chiB piece will be
subcloned into pET19b containing chi60 part at the designed HindIII site and this

recombinant plasmid will be expressed and further characterized:
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chi60 246 D KQAHPDLK FMGDKVKRDRFVG 295
ChiB 7@LKAH LRIME&G@WG——VéﬁAﬁ{(\lfN 112
Cchi60 —}———EDGYRIDWE 3 B
ChiB 113 AVKTPAARTKEAQSCVRIMKDYGEDGYDIDWEYP— = OAAEY 153
Cchi60 379
I P .00 5 AN, T .
Cchi60 426
chie 203 vABLDYINLMIYDLAGPWE-KITNHOAALFGDAAGP- TFYNALREA 250
B

chi60 c == 7 CGGCCGCARA-—— 1068
ChiB CACCT AACCAGCA CATC-GCGGA ‘H lééééécggece 528
Cchi60 SAAC G ceeeeGeeancoAaCNElG- 1111
ChiB l ; ¢ CCGGC--GG——————— 566
chi60 AT GGIGGCTTACAACGTTGCGCAGA 1138
ChiB ) ITCTTCCTGTCACG AT TA :lllféééééééé——c 614
Cchi60 : . : GeceT 1186

ST

ChiB \ CCCT 658

Figure 4.4 Arililo acid sequence and nucleotide seque& alignments between
Chi60 and ChiB ‘
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Figure 4.5 li‘l
and ChiB by sitg specific reco

Structure was VISl?hZCd by Rasmol version 2. 7 4.2. Blue color indicates structure
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Primer name

Table 4.1 Primers designed ' j ion of Chi60 and ChiB by genetic
engineering h y

ChiBfusion -
Forward primer.«

Chi60fusion cC

Reversed Primer
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CHAPTER V

CONCLUSION

Chimeric chitinases HRCD66B were constructed by in vivo homologous
recombinations between CatDChi66 and ChiB.which are screened from LB agar plate
containing ampicillin method and CCMM broth containing ampicillin method. We
observed 6 chimeras with individual chimeric genes size of 1.34, 1.57, 1.65, 1.67,
1.68 and 1.76 kb and.only 4 of them with gene size of 1.67, 1.68, 1.34 and 1.76 kb
have in frame recombination and could be translated to amino acid sequences. From
sequences analysis, we found that homologous recombination mostly occurred at the
region encoding for active site which contributes to chimera with 1.67 kb and encoded
for 555 amino acid residues.

HRCHI60B were also constructed by screening with LB agar plate containing
ampicillin method and CCMM broth containing ampicillin method. We have 83 of
chimeras which are grouped into 5 groups with gene size of 1.4, 1.5, 1.6, 2.0 and 2.3
kb. Recombined regions of each group were analyzed and found that only 3 of them
with gene size of 1.49, 1.55-and 2.0 kb have in frame recombination and could be
translated to amino acid sequences. 55 of chimeras with 2.0 kb gene size were found
that the homologous recombination occurred at the region encoding for active site.

We concluded that chimeric chitinase constructed by in vivo homologous
recombination mostly have recombined region at the active site which has the highest
homology between ChiB and both CatDChi66 and Chi60." Other HRCD66B and
HRCHI60B recombination resulted in frame shift that either yielded internal deletion,
lacking the active site, or C-terminal truncated protein. Chitinolytic activity of
chimeric chitinases on' colloidal ‘chitin, PNAC and" chitooligosaccharides was not
observed.

We observed that, high homology regions in the chitinase genes are not the
same homology regions in the 3D structure of the translated protein products, which

might causes most of the recombinant chitinases to misfold and lost their activity.
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APPENDIX A

Standard curve for NAG determination by colorimetric method.

rlgth absorbance at 420 nm of
Schale’s method.
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APPENDIX B

pCD66B that were first screened by LB agar plate with ampicillin
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Lanes M contain A/HindIIlI marker.
Lane 1 Plasmid from colony1

Lane 2. ‘Plasmid from colony1/ Kpnl
Lane 3 Plasmid from colony2

Lane 4 Plasmid from colony2/ Kpnl
Lane 5 Plasmid from colony3

Lane 6 Plasmid from colony3/ Kpnl
Lane 7 Plasmid from colony4

Lane 8 Plasmid from colony4/ Kpnl
Lane 9 Plasmid from colony5

Lane 10 Plasmid from colony5/ Kpnl
Lane 11 Plasmid from colony6

Lane 12 Plasmid from colony6/ Kpnl
Lane 13 Plasmid from colony7

Lane 14 Plasmid from colony7/ Kpnl
Lane 15 Plasmid from colony8

Lane 16 Plasmid from colony8/ Kpnl

Lane 17 Plasmid from colony9

Lane 18 Plasmid from colony9/ Kpnl
Lane 19 Plasmid from colony10

Lane 20 Plasmid from colony 10/ Kpnl
Lane 21 Plasmid from colony11

Lane 22 Plasmid from colony11/ Kpnl
Lane 23 Plasmid from colony 12

Lane 24 Plasmid from colony 12/ Kpnl
Lane 25 Plasmid from colony13

Lane 26 Plasmid from colony13/ Kpnl
Lane 27 Plasmid from colony14

Lane 28 Plasmid from colony14/ Kpnl
Lane 29 Plasmid from colony15

Lane 30 Plasmid from colony15/ Kpnl
Lane 31 Plasmid from colony16

Lane 32 Plasmid from colony16/ Kpnl
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Agarose gel electrophoresis analysis of plasmids extracted from transformants of
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Lanes M contain A/HindIlI marker.
Lane 33 Plasmid from colony17

Lane 34 Plasmid from colony17/ Kpnl
Lane 35 Plasmid from colony18

Lane 36 Plasmid from colony 18/ Kpnl
Lane 37 Plasmid from colony19

Lane 38 Plasmid from colony 19/ Kpnl
Lane 39 Plasmid from colony20

Lane 40 Plasmid from colony20/ Kpnl
Lane 41 Plasmid from colony?21

Lane 42 Plasmid from colony21/ Kpnl
Lane 43 Plasmid from colony22

Lane 44 Plasmid from colony22/ Kpnl
Lane 45 Plasmid from colony23

Lane 46 Plasmid from colony23/ Kpnl
Lane 47 Plasmid from colony24

Lane 48 Plasmid from colony24/ Kpnl

Lane 49 Plasmid from colony25
Lane 50 Plasmid from colony25/ Kpnl
Lane 51 Plasmid from colony26
Lane 52 Plasmid from colony26/ Kpnl
Lane 53 Plasmid from colony27
Lane 54 Plasmid from colony27/ Kpnl
Lane 55 Plasmid from colony28
Lane 56 Plasmid from colony28/ Kpnl
Lane 57 Plasmid from colony29
Lane 58 Plasmid from colony29/ Kpnl
Lane 59 Plasmid from colony30
Lane 60 Plasmid from colony30/ Kpnl
Lane 61 Plasmid from colony31
Lane 62 Plasmid from colony31/ Kpnl
Lane 63 Plasmid from colony32
Lane 64 Plasmid from colony32/ Kpnl
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M 65 66 67 68 69 70 71

Lanes M contain A/HindIlI marker.
Lane 65 Plasmid from colony33

Lane 66 Plasmid from colony33/ Kpnl
Lane 67 Plasmid from colony34

Lane 68 Plasmid from colony34/ Kpnl
Lane 69 Plasmid from colony35

Lane 70 Plasmid from colony35/ Kpnl
Lane 71 Plasmid from colony36

Lane 72 Plasmid from colony36/ Kpnl

Lane 73 Plasmid from colony37
Lane 74 Plasmid from colony37/ Kpnl
Lane 75 Plasmid from colony38
Lane 76 Plasmid from colony38/ Kpnl
Lane 77 Plasmid from colony39
Lane 78 Plasmid from colony39/ Kpnl
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*Plasmids from colony 1, 5,10, 17, 20, 24, 26, 31, 32, 33, 35, and 38 were designated
as pHRCD66B1-12.
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1 23 45 6 7 8 910111213 14 1516

17 38 194020021 22 23522 23800\ 225%28 30 31 32

Lane 1 Plasmid from colony1
Lane 2° Plasmid from colony1/ Kpnl
Lane 3 Plasmid from colony2
Lane 4 Plasmid from colony2/ Kpnl
Lane 5 Plasmid from colony3
Lane 6 Plasmid from colony3/ Kpnl
Lane 7 Plasmid from colony4
Lane 8 Plasmid from colony4/ Kpnl
Lane 9 Plasmid from colony5
Lane 10 Plasmid from colony5/ Kpnl
Lane 11 Plasmid from colony6
Lane 12 Plasmid from colony6/ Kpnl
Lane 13 Plasmid from colony7
Lane 14 Plasmid from colony7/ Kpnl
Lane 15 Plasmid from colony8

Lane 16 Plasmid from colony8/ Kpnl

- - it -

Lane 17 Plasmid from colony9

Lane 18 Plasmid from colony9/ Kpnl
Lane 19 Plasmid from colony10

Lane 20 Plasmid from colony10/ Kpnl
Lane 21 Plasmid frem colony11

Lane 22 Plasmid from colony11/ Kpnl
Lane 23 Plasmid from colony12

Lane 24 Plasmid from colony 12/ Kpnl
Lane 25 Plasmid from colony13

Lane 26 Plasmid from colony13/ Kpnl
Lane 27 Plasmid from colony14

Lane 28 Plasmid from colony14/ Kpnl
Lane 29 Plasmid from colony15

Lane 30 Plasmid from colony15/ Kpnl
Lane 31 Plasmid from colony16

Lane 32 Plasmid from colony16/ Kpnl
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Agarose gel electrophoresis analysis of plasmids extracted from transformants of

pCD66B that were screened for the second time on LB agar plate with ampicillin
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Lane 33 Plasmid from colony17
Lane 34 Plasmid from colony17/ Kpnl
Lane 35 Plasmid from colony18
Lane 36 Plasmid from colonyl18/ Kpnl
Lane 37 Plasmid from colony 19
Lane 38 Plglsmid from colony 19/ Kpnl
Lane 39 Plasmid from colony20
Lane 40 Pia'snﬁd from colony20/ Kpnl
Lane 41 Plasmid from colony21
Lane 42 Plasmid from colony21/ Kpnl
Lane 43 Plasmid from colony22
Lane 44 Plasmid from colony22/ Kpnl
Lane 45 Plasmid from colony23
Lane 46 Plasmid from colony23/ Kpnl
Lane 47 Plasmid from colony24
Lane 48 Plasmid from colony24/ Kpnl

‘Lane 49 Plasmid from colony25

Lane 50 Plasmid from colony25/ Kpnl
Lane 51 Plasmid from colony26

Lane 52 Plasmid from colony26/ Kpnl
Lane 53 Plasmid from colony27

Lane 54 Plasmid from colony27/ Kpnl
Lane 55 Plasmid from colony28

Lane 56 Plasmid from.colony28/ Kpnl
Lane 57 Plasmid from colony29

Lane 58 Plasmid from colony29/ Kpnl
Lane 59 Plasmid from colony30

Lane 60 Plasmid from colony30/ Kpnl
Lane 61 Plasmid from colony31

Lane 62 Plasmid from colony31/ Kpnl
Lanes M A/HindIIl marker
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Lane 63 Plasmid from colony32

Lane 64 Plasmid from colony32/ Kpnl
Lane 65 Plasmid from colony33

Lane 66 Plasmid from colony33/ Kpnl
Lane 67 Plasmid from colony34

Lane 68 Plasmid from colony34/ Kpnl
Lane 69 Plasmid from colony35

Lane 70 Plasmid from colony35/ Kpnl
Lane 71 Plasmid from colony36

Lane 72 Plasmid from colony36/ Kpnl
Lane 73 Plasmid from colony37

Lane 74 Plasmid from colony37/ Kpnl
Lane 75 Plasmid from colony38

Lane 76 Plasmid from colony38/ Kpnl
Lanes M A/HindIII marker

Lane 77 Plasmid from colony39

Lane 78 Plasmid from colony39/ Kpnl
Lane 79 Plasmid from colony40
Lane 80 Plasmid from colony40/ Kpnl
Lane 81 Plasmid from colony41
Lane 82 Plasmid from colony41/ Kpnl
Lane 83 Plasmid from colony42
Lane 84 Plasmid from colony42/ Kpnl
Lane 85 Plasmid from colony43
Lane 86 Plasmid from colony43/ Kpnl
Lane 87 Plasmid from colony44
Lane 88 Plasmid from colony44/ Kpnl
Lane 89 Plasmid from colony45
Lane 90 Plasmid from colony45/ Kpnl
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Lane 91 Plasmid from colony46

Lane 92 Plasmid from colony46/ Kpnl
Lane 93 Plasmid from colbny47 :
Lane 94 Plasmid from colony47/ Kpnl
Lane 95 Plasmid from colony48

Lane 96 Pl_ésmjd from colony48/ Kpnl
Lane 97 Plasmid from colony49

Lane 98 Plasfnid from colony49/ Kpnl
Lane 99 Plasmid from colony50

Lane 100 Plasmid from colony50/ Kpnl

105106 107 108

Lane 101 Plasmid from colony51

Lane 102 Plasmid from colony51/ Kpnl
Lane 103 Plasmid from colony52

Lane 104 Plasmid from colony52/ Kpnl
Lane 105 Plasmid from colony53

Lane 106 Plasmid from colony53/ Kpnl
Lane 107 Plasmid from c'lolony54

Lane 108 Plasmid fr(;m colony54/ Kpnl
Lanes M A/HindIIl ' marker
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Lane 109 Plasmid from colonyS5

Lane 110 Plasmid from colony55/ Kpnl
Lane 111 Plasmid from colony56

Lane 112 Plasmid from colony56/ Kpnl
Lane 113 Plasmid from colony57

Lane 114 Plasmid from colony57/ Kpnl
Lane 115 Plasmid from colony58

Lane 116 Plasmid from colony58/ Kpnl
Lane 117 Plasmid from colony59

Lane 118 Plasmid from colony59/ Kpnl
Lanes M A/HindIlI marker

Lane 119 Plasmid from colony60
Lane 120 Plasmid from colony60/ Kpnl
Lane 121 Plasmid from colony61
Lane 122 Plasmid from colony61/ Kpnl
Lane 123 Plasmid from colony62
Lane 124 Plasmid from colony62/ Kpnl
Lane 125 Plasmid from colony63
Lane 126 Plasmid from colony63/ Kpnl
Lane 127 Plasmid from colony64
Lane 128 Plasmid from colony64/ Kpnl
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M 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144

Lane 129 Plasmid from colony65

Lane 130 Plasmid from colony65/ Kpnl
Lane 131 Plasmid from colony66

Lane 132 Plasmid from colony66/ Kpnl
Lane 133 Plasmid from colony67

Lane 134 Plasmid from colony67/ Kpnl
Lane 135 Plasmid from colony68

Lane 136 Plasmid from colony68/ Kpnl
Lane 137 Plasmid from colony69

Lane 138 Plasmid from colony69/ Kpnl
Lane 139 Plasmid from colony70

Lane 140 Plasmid from colony70/ Kpnl
Lanes M A/HindIIl marker

Lane 141 Plasmid from colony71
Lane 142 Plasmid from colony71/ Kpnl
Lane 143 Plasmid from colony72
Lane 144 Plasmid from colony72/ Kpnl
Lane 145 Plasmid from colony73
Lane 146 Plasmid from colony73/ Kpnl
Lane 147 Plasmid from colony74
Lane 148 Plasmid from colony74/ Kpnl
Lane 149 Plasmid from colony75
Lane 150 Plasmid from colony75/ Kpnl
Lane 151 Plasmid from colony76
Lane 152 Plasmid from colony76/ Kpnl
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M 153 154 155 156 157 158 159 160 161 162

Lane 153 Plasmid from colony77
Lane 154 Plasmid from colony78/ Kpnl
Lane 155 Plasmid from colony79
Lane 156 Plasmid from colony80/ Kpnl
Lane 157 Plasmid from colonyS§1
Lane 158 Plasmid from colony82/ Kpnl

Lane 159 Plasmid from colony83

Lane 160 Plasmid from colony84/ Kpnl
Lane 161 Plasmid from colony85

Lane 162 Plasmid from colony86/ Kpnl
Lanes M A/HindIIl marker
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*Plasmids from colony 7, 23, 25, 40, 43, 58, 67 and 77 were designated as
pHRCD66B13-20.
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APPENDIX D

Agarose gel electrophoresis analysis of plasmids extracted from transformants of

pCHI60B that were first screened on LB agar plate with ampicillin
M 1 2 3 4

M5 6 7 8910M

23.1kb

9.4 kb
6.5 kb

2.3 kb
2.0 kb

M 11 1213 1415 16 17 18 19 20M

Lanes M contain A/HindIII marker.

Lane 1 From colonyl
Lane 2. From colonyl/ Notl+Xhol
Lane 3 From colony2
Lane 4 From colony2/ Notl+Xhol
Lane 5 From colony3
Lane 6 From colony3/ Notl+Xhol
Lane 7 From colony4
Lane 8 From colony4/ Notl+Xhol
Lane 9 From colony5
Lane 10 From colony5/ Notl+Xhol
Lane 11 From colony6
Lane 12 From colony6/ Notl+Xhol
Lane 13 From colony7
Lane 14 From colony7/ Notl+Xhol
Lane 15 From colony8

Lane 16 From colony8/ Notl+Xhol

M 2122 2324252627282930M

Lane 17 From colony9

Lane 18 From colony9/ NotI+Xhol
Lane 19 From colony10

Lane 20 From colony10/ Notl+Xhol
Lane 21 From colonyl 1

Lane 22 From colony! 1/ Notl+Xhol
Lane 23 From colony12

Lane 24 From colony 12/ Notl+Xhol
Lane 25 From colony13

Lane 26 From colony13/ Notl+Xhol
Lane 27 From colony14

Lane 28 From colony14/ Notl+Xhol
Lane 29 From colony15

Lane 30 From colony15/ Notl+Xhol
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M 31323334 353637 38394041 42

S W

47 48 49 5051°52.53 54 55 56 57 58

Lanes M contain A/HindIlI marker.
Lane 31 From colonyl6

Lane 32 From colony16/ Notl+Xhol
Lane 33 From colony17

Lane 34 From colony17/ Notl+Xhol
Lane 35 From colony18

Lane 36 From colony18/ Notl+Xhol
Lane 37 From colony19

Lane 38 From/colony19/ Notl+Xhol
Lane 39 From colony20

Lane 40 From eolony20/ Notl+Xhol
Lane 41 From colony21

Lane 42 From colony21/ Notl+Xhol
Lane 43 From colony22

Lane 44 From colony22/ Notl+Xhol
Lane 45 From colony23

Lane 46 From colony23/ Notl+Xhol

M 43444546 M

M 59 60 61 62 M

Lane 47 From colony24
Lane 48 From colony24/ Notl+Xhol
Lane 49 From colony25
Lane 50 From colony25/ Notl+Xhol
Lane 51 From colony26
Lane 52 From colony26/ Notl+Xhol
Lane 53 From colony27
Lane 54 From colony27/ Notl+Xhol
Lane 55 From colony28
Lane 56 From colony28/ Notl+Xhol
Lane 57 From colony29
Lane 58 From colony29/ Notl+Xhol
Lane 59 From colony30
Lane 60 From colony30/ Notl+Xhol
Lane 61 From colony31
Lane 62 From colony31/ Notl+Xhol

PN oo
SWw [0,
xR
TT SoT
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M 63 64 65 66

676869707172

Lanes M contain A/HindIlI marker.
Lane 63 From colony32

Lane 64 From colony32/ Notl+Xhol
Lane 65 From colony33

Lane 66 From colony33/ Notl+Xhol
Lane 67 From colony34

Lane 68 From colony34/ Notl+Xhol
Lane 69 From colony35

Lane 70 From/colony35/ Notl+Xhol
Lane 71 From colony36

Lane 72 From colony36/ Notl+Xhol
Lane 73 From colony37

Lane 74 From colony37/ Notl+Xhol
Lane 75 From colony38

Lane 76 From colony38/ Notl+Xhol
Lane 77 From colony39

Lane 78 From colony39/ Notl+Xhol

Lane 79 From colony40
Lane 80 From colony40/ Notl+Xhol
Lane 81 From colony41
Lane 82 From colony41/ Notl+Xhol
Lane 83 From colony42
Lane 84 From colony42/ Notl+Xhol
Lane 85 From colony43
Lane 86 From colony43/ Notl+Xhol
Lane 87 From colony44
Lane 88 From colony44/ Notl+Xhol
Lane 89 From colony45
Lane 90 From colony45/ Notl+Xhol
Lane 91 From colony46
Lane 92 From colony46/ Notl+Xhol

M 737475767778 79 80
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APPENDIX E
Agarose gel electrophoresis analysis of plasmids extracted from transformants of

pCHI60B that were screened for the second time on LB agar plate with

ampicillin
M 1234567 8 910111213141516 M

M 1718 19 20 2122 2324 25262728 293031 32 M

Lanes M contain A/HindIII marker.

Lane 1 From colonyl
Lane 2 From colonyl/ Notl+Xhol
Lane 3 From colony2
Lane 4 From colony2/ Notl+Xhol
Lane 5 From colony3
Lane 6 From colony3/ Notl+Xhol
Lane 7 From colony4
Lane 8  From colony4/ Notl+Xhol
Lane 9 From colony5
Lane 10 From colony5/ Notl+Xhol
Lane 11 From colony6
Lane 12 From colony6/ Notl+Xhol
Lane 13 From colony?7
Lane 14 From colony7/ Notl+Xhol
Lane 15 From colony8

Lane 16 From colony8/ Notl+Xhol

Lane 17 From colony9

Lane 18 From colony9/ Not1+Xhol

Lane 19 From colony10
Lane 20 From colony10/ Nofl+Xhol
Lane 21 From colonyl1
Lane 22 From colony11/ Notl+Xhol
Lane 23 From colony12
Lane 24 From colony12/ Notl+Xhol
Lane 25 From colony13
Lane 26 From colony13/ Notl+Xhol
Lane 27 From colony14
Lane 28 From colony 14/ Notl+Xhol
Lane 29 From colony15
Lane 30 From colony15/ Notl+Xhol
Lane 31 From colony16
Lane 32 From colony16/ Notl+Xhol



M 333435363738 3940M

PN o
(7, N

o

Lanes M contain A/HindIlI marker.
Lane 33 From colony17

Lane 34 From colony!7/ Notl+Xhol
Lane 35 From colony18

Lane 36 From colony18/ Notl+Xhol
Lane 37 From colony19

Lane 38 From colony19/ Notl+Xhol
Lane 39 From colony20

Lane 40 From/colony20/ Notl+Xhol
Lane 41 From colony21

Lane 42 From colony21/ Notl+Xhol
Lane 43 From colony22

Lane 44 From colony22/ Notl+Xhol

M 4142 434445464748 49505152 53 54 5556 M

=
—
—

Lane 45 From colony23
Lane 46 From colony23/ Notl+Xhol

Lane 47 From colony24
Lane 48 From colony24/ Notl+Xhol
Lane 49 From colony25
Lane 50 From colony25/ Notl+Xhol
Lane 51 From colony26
Lane 52 From colony26/ Notl+Xhol
Lane 53 From colony27
Lane 54 From colony27/ Notl+Xhol
Lane 55 From colony28
Lane 56 From colony28/ Notl+Xhol
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M 575859 60 61 62 63 64 65 66 6768 69707172

L — —

M 7374757677 78 7980 81 8283848586 8788 M

Lanes M contain A/HindIlI marker.
Lane 57 From colony29

Lane 58 From colony29/ Notl+Xhol
Lane 59 From colony30

Lane 60 From colony30/ Notl+Xhol
Lane 61 From colony31

Lane 62 From colony31/ Notl+Xhol
Lane 63 From colony32

Lane 64 From colony32/ Notl+Xhol
Lane 65 From colony33

Lane 66 From colony33/ Notl+Xhol
Lane 67 From colony34

Lane 68 From colony34/ Notl+Xhol
Lane 69 From colony35

Lane 70 From colony35/ Notl+Xhol
Lane 71 From colony36

Lane 72 From colony36/ Notl+Xhol

Lane 73 From colony37
Lane 74 From colony37/ Notl+Xhol
Lane 75 From colony38
Lane 76 From colony38/ Notl+Xhol
Lane 77 From colony39
Lane 78 From colony39/ Notl+Xhol
Lane 79 From colony40
Lane 80 From colony40/ Notl+Xhol
Lane 81 From colony41
Lane 82 From colony41/ Notl+Xhol
Lane 83 From colony42
Lane 84 From colony42/ Notl+Xhol
Lane 85 From colony43
Lane 86 From colony43/ Notl+Xhol
Lane 87 From colony44
Lane 88 From colony44/ Notl+Xhol
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Lanes M contain A/HindIlI marker.
Lane 89 From colony45

Lane 90 From colony45/ Notl+Xhol
Lane 91 From colony46

Lane 92 From colony46/ Notl+Xhol
Lane 93 “From colony47

Lane 94 . From colony47/ Notl+Xhol
Lane 95 From colony48

Lane 96 From colony48/ Notl+Xhol
Lane 97 From colony49

Lane 98 From colony49/ Notl+Xhol
Lane 99 From colony50

Lane 100 From colony50/ Nofl+Xhol
Lane 101 From colony51

Lane 102 From colony51/ Notl+Xhol
Lane 103 From colony52

Lane 104 From colony52/ Notl+Xhol

Lane 105 From colony53
Lane 106 From colony53/ Notl+Xhol

Lane 107 From colony54
Lane 108 From colony54/ Notl+Xhol
Lane 109 From colony55
Lane 110 From colony55/ Notl+Xhol
Lane 111 From colony56
Lane 112 From colony56/ Notl+Xhol
Lane 113 From coleny57
Lane 114 From colony57/ Notl+Xhol
Lane 115 From colony58
Lane 116 From colony58/ Nof+Xhol
Lane 117 From colony59
Lane 118 From colony59/ Notfl+Xhol
Lane 119 From colony60
Lane 120 From colony60/ Nofl+Xhol
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M 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 M

Lanes M contain MHir{_glI‘H" marker. |

Lane 121 From 09_10'1'153/61-‘:

Lane 122 Erom colony6 1/Nofl+Xhol

Lane 123 From go’l.onyGZ'

Lane 124 From colony62/ Nofl+Xol
Lane 125 From cp'l'.ony_63'

Lane 126 From ;colony'63/ NotI+Xh0-lI
Lane 127 From col_ony64-'- v

Lane 128 From eo'iony_64/ Notl+Xhol

o
o

Lane 129 From colony65
Lane 130 From colony65/ Nofl+Xhol

' -Lane 131 From colony66

Lane 132 From colony66/ Notl+Xhol
Lane 133 From colony67

- Lane 134 From colony67/ Notl+Xhol

Lane 135 From colony68

( Lane 136 From colony68/ Notl+Xhol
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