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ABSTRACT

Glycosyl hydrolases comprise a huge group of enzymes (xylanases,
neopullulanases, amylases, etc.) and are valuable carbohydrate-degrading enzymes in
biotechnological industries. In this study, to obtain genes encoding thermostable

enzymes that are required for industrial processes, we have turned to directly
obtaining the genes from environmental DNA, specifically, the Bor Khlueng hot
spring. Consensus primers based on the conserved regions of family 10 xylanases and
family 13 glycosyl hydrolases were used to obtain 167 bp and 560 bp PCR fragments
of xylanase and neopullulanase genes, respectively. Sequence analysis of the partial
xylanase gene exhibited 65% amino acid sequence identities to Thermobacillus
xylanilyticus xynA. However, the full-length xylanase gene was not successfully
obtained. For neopullulanase, the amino acid sequence analysis of one clone, BK44,
showed 54% identity to glycosyl hydrolase family 13 of Deinococcus radiodurans
and 51% identity to Geobacillus kaustophilus alpha-cyclodextrinase. This suggested
that the obtained partial sequence from Bor Khlueng hot spring encoded a novel
enzyme in this family. Using genome walking approaches, the 3’ and 5’-end of the
gene were obtained. The result showed that the full-length BK44 had an open
reading frame of 1,458 bp encoding 485 amino acid residues and exhibited 54%
identity to maltogenic amylase of Thermus sp., and alpha-cyclodextrinase of
Geobacillus kaustophilus; and 53% identity to (neo)pullulanase of Thermus
thermophilus. This suggested that BK44 belonged to the neopullulanase subfamily.
Expression of the full-length BK44 in P. pastoris and E. coli was performed. The
expressed protein of approximately 55 kDa was successfully obtained in E. coli.
However, its enzymatic activities were not detected.

KEY WORDS: XYLANASE/ NEOPULLULANSE/ GLYCOSYL HYDROLASES/
GENOME WALKING/ PICHIA PASTORIS
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CHAPTER I
INTRODUCTION

Enzyme industry is the result of rapid development of biotechnology i.e.

recombinant gene technology and protein engineering. With better knowledge and

purification of enzymes, a number of applications have increased exponentially (1).

Nowadays, the use for industrial enzymes has now extended to almost all industries

handling organic compounds.

The glycosyl hydrolases consisted of a large family of enzymes (xylanases,

amylases, pullulanases) that are of great significance in industrial processes. Various

carbohydrolases including a-amylases family and xylanases were used in various

industries such as starch, textile, pulp and paper, detergent and baking (Table 1).

Table 1. Enzyme applications in industrial processes (adapted from: Kirk, Borchert

and Fuglsang) (2)

Industry Enzyme class Application

Starch and fuel | Amylase Starch liquefaction and saccharification
Amyloglucosidase | Saccharification
Pullulanase Saccharification
Glucose isomerase | Glucose to fructose conversion
Xylanase Viscosity reduction (fuel and starch)
Protease Protease (yeast nutrition — fuel)

Baking Amylase Bread softness and volume, flour adjustment
Xylanase Dough conditioning
Lipase Dough stability and conditioning
Protease Biscuits, cookies

Pulp and paper | Lipase Pitch control, contaminant control
Protease Biofilm removal
Amylase Starch-coating, de-inking, drainage improvement
Xylanase Bleaching
Cellulase De-inking, fiber modification
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1.1 Xylanases

1.1.1 Structure of xylan

Plant cell walls have three major polymeric constituents: cellulose (insoluble
fibers of [-1,4-glucan), hemicellulose (non-cellulolytic polysaccharides including
glucans, mannans, and xylans), and lignin (a complex polyphenolic structure). Xylan
is a complex polysaccharide comprising a backbone of xylose residues linked by -
1,4-glycosidic bonds (Figure 1). The main chain of xylan is composed of -
xylopyranose residues. Most Xxylans occur as heteropolysaccharides, containing
different substituent groups which are acetyl, arabinosyl and glucuronosyl residues (3).

1.1.1.1 Hemicellulose from hardwood

The xylan of hardwood is O-acetyl-4-O-methylglucuronoxylan. This
polysaccharide consists of at least 70 B-xylopyranose residues (average degree of
polymerization [DP] between 150 and 200), linked by B-1,4-glycosidic bonds (4).
Every tenth xylose residue carries a 4-O-methyglucuronic acid attached to the second
position of xylose (5). Hardwood xylans are highly acetylated (e.g., birchwood xylan
contains more than 1 mol of acetic acid per 2 mol of xylose (6)). Acetylation is more
frequent at the C-3 than at the C-2 position, however, acetylation at both positions
have also been reported (7, 8). The presence of these acetyl groups is responsible for
the partial solubility of xylan (3). These acetyl groups are readily removed when xylan
is subjected to alkali extraction (6).

1.1.1.2 Hemicellulose from softwood

The xylan from softwood is composed of arabino-4-O-methyglucuroxylan. This
xylan has higher 4-O-methylglucuronic acid content than that of hardwood xylan. The
4-O-methylglucuronic acid residues are attached to the C-2 position. Softwood xylans
are not acetylated. Instead of an acetyl group, they contain a-L-arabinofuranose units
linked by a-1,3-glycosidic bonds at the C-3 position of the xylose (9). The arabinosyl
substituents occur almost 12% of the xylosyl residues (10).

1.1.2 Xylanolytic enzymes

Xylanolytic enzymes are glycosyl hydrolases which degrade xylan. Xylanases are
widespread in nature. They have been reported to be present in marine and terrestrial
bacteria, rumen and ruminant bacteria, fungi, marine algae, protozoa, and insects.

Xylanases are usually composed of repertoire of hydrolytic enzymes: [-1,4-
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endoxylanase, B-xylosidase, o-L-arabinofuranosidase, a-glucosidase, acetyl xylan
esterase, and phenolic acid (ferulic and p-coumaric acid) esterase (Figure 1) (11, 12).

(1) B-1,4-Endoxylanases (1,4-B-D-xylan xylohydrolase; EC 3.2.1.8) cleave the
internal glycosidic linkages of the heteroxylan backbone, resulting in the production of
xylooligosaccharides. As hydrolysis proceeds, these oligosaccharides will be further
hydrolyzed to xylotriose, xylobiose, and xylose (10). These enzymes have been
isolated from several fungi and bacteria such as Aspergillus niger (13), Trichoderma
koningii (14) and Dictyoglomus thermophilum Rt46B.1 (15).

(2) B-D-Xylosidases (B-D-xyloside xylohydrolase; EC 3.2.1.37) are exogly-
cosidases that hydrolyze short xylooligosaccharides and xylobiose from the non-
reducing end to liberate xylose. These enzymes have been reported in bacteria and
fungi (16, 17).

(3) o-L-Arabinofuranosidases. There are two types of arabinases, the exo-acting
a-L-arabinofuranosidase (EC 3.2.1.55), which is active against p-nitrophenyl- o-L-
arabinofuranoside and on branched arabinans, and endo-1,5-o-L-arabinase (EC
3.2.1.99), which is active only toward linear arabinans. Endoarabinases have been
reported in Bacillus subtilis (18), Clostridium felsineum (19) and various fungi (20,
21).

(4) a-D-Glucosidases (3.2.1.20) hydrolyze the a-1,2 linkages between glucuronic
acid and xylose residues in glucuronoxylan. These enzymes have been isolated from
Aspergillus niger and Streptomyces flavogriseus (22).

(5) Acetylxylan esterases (EC 3.1.1.6) remove the O-acetyl substituents at the C-
2 and C-3 positions of xylose residues in acetylxylan. The production of acetylxylan
esterase was found in fungi and bacteria (23).

(6) Ferulic acid esterases (EC 3.1.1.73) cleave the ester linkages between
arabinose side chains and ferulic acids in xylan. Similarly, p-coumaric acid esterases
(EC 3.1.1-) cleave the ester linkage between arabinose and p-coumaric acid. Few

ferulic and p-coumaric acid esterases have been purified and characterized (24).
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1.1.3 Classification of xylanase family

Xylanases were first classified into two groups according to their molecular sizes
and pH values consisting of (a) the low molecular weight, basic xylanases and (b) high
molecular weight, acid xylanases (10). The low molecular weight basic xylanases are
usually endo-1,4-B-xylanases which are specifically active only on xylan, whereas the
other high molecular weight endoxylanases also have cellulase activity. These groups
were classified into B-glycanase families G and F, respectively.

However, later, the classification is based on amino acid sequence similarities
and hydrophobic cluster analysis (HCA) (25-28). HCA is a very sensitive tool to
uncover distant relatedness between proteins for which standard alignment methods
are unreliable (29). Thus, based on amino acid sequence similarities and hydrophobic
cluster analysis, endo-B-1,4-xylanases (EXs, EC 3.2.1.8) can be divided into two
major families: Acidic high molecular mass EXs (> 30 kDa) were assigned as
glycanase family 10 (formerly family F), and the basic low molecular mass EXs, were
assigned as glycanase family 11 (formerly family G) (30-32).

Recently, the tertiary structures of EXs have been established by crystallography.
EXs of family 10 is a typical 8-fold o/f barrel (a/B)s (33-35) (Figure 2A). In contrast,
EXs of family 11 appear to be smaller and well-packed molecules, with mainly B-
sheets (36-38) (Figure 2B).

1.1.4 Application of xylanases

Xylanases isolated from microorganisms have attracted a great deal of attention
in the last decade, particularly because of their biotechnological potential in various
industrial processes (39). Xylanases have shown an immense potential for increasing
the production of several useful products in the most economical way. The main
possibilities are the production of single cell proteins (SCPs), enzymes, liquid or
gaseous fuel, solvents and sugar syrups, which can be used as such or as feed stocks
for other microbiological processes (40).

Currently, the most promising application of xylanase is the pre-bleaching of
kraft pulps (41). Enzyme application improves pulp fibrillation and water retention,
reduction of beating times in virgin pulps, restoration of bonding and increased

freeness in recycled fibers, and selective removal of xylans from dissolving pulps.
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Xylanases are also useful in yielding cellulose from dissolving pulps from rayon
production and biobleaching of wood pulps (42, 43).

In the bread and bakery industries, the efficiency of xylanases in improving the
quality of bread has been shown with an increase in specific bread volume. This is
further enhanced when amylase is used in combination with xylanase (44).

In the waste industry, xylan is present in large amount in wastes from agricultural
and food industries. Hence, xylanases are used for conversion of xylan to xylose in
waste water. The development of an efficient process of enzymatic hydrolysis offers
new prospects for treating hemicellulosic wastes (45, 46).

In the juice industry, xylanases are used concurrently with cellulase and pectinase
for clarifying must and juices, and for liquefying fruits and vegetables (45).

In the fuel industry, xylanase acts in synergism with several other enzymes, such
as mannanase, ligninase, xylosidase, glucanase, glucosidase, etc., and can be used for
the generation of biological fuel, such as ethanol, from lignocellulosic biomass (47).

In the animal-feed industry, depression in weight gain and feed conversion
efficiency in rye-fed broiler chicks has been associated with intestinal viscosity.
Incorporation of xylanase into a rye-based diet of broiler chicken results in reduced
intestinal viscosity, thus improving both the weight gain of chicks and their feed

conversion efficiency (48).
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1.2 Family 13 glycosyl hydrolase (a-amylase family)

Starch is one of the most abundant polysaccharides produced by plants and is
composed of amylose (15%-20%) and amylopectin (75%-85%). Amylose is a linear
molecule consisting of 1,4-linked o-D-glucopyranose residues. Amylopectin is a
branched polymer and consists of a-1,6 glycosidic linkages in addition to the o-1,4
glycosidic bonds. Therefore, the starch industry is one of the largest using of starch
degrading enzymes. These include a-amylases, glucoamylases, pullulanases, and o-
glucosidases (Figure 3).

1.2.1 Classification of family 13 glycosyl hydrolase

A classification system for glycosyl hydrolases based on sequence similarities has
led to 85 different families. Most of the starch hydrolyzing enzymes belong to family
13 glycosyl hydrolases or a-amylase family and share common characteristic
properties based on amino acid sequence homology according to the classification of
Henrissat (25).

Starch degrading enzymes can be classified into four groups, (1) endoamylases,
(2) exoamylases, (3) debranching enzymes and (4) transferases.

Endoamylases cleave a,1-4 glycosidic bonds in a random manner present in the
inner part (endo-) of amylose or amylopectin chain (starch polymer). a-Amylase (EC
3.2.1.1) is the most well-known enzyme in this group. It is found in a wide variety of
microorganisms (49). The end products of a-amylase are linear and branched
oligosaccharides of various lengths.

Exoamylases, either cleave a,1-4 glycosidic bonds such as B-amylase (EC
3.2.1.2) or cleave both a,1-4 and a,1-6 glycosidic bonds like amyloglucosidase or
glucoamylase (EC 3.2.1.3) and a-glucosidase (EC 3.2.1.20). Exoamylases act on the
external glucose residues of amylose or amylopectin and produce only glucose
(glucoamylase and a-glucosidase), or maltose and B-limit dextrin (B-amylase).
Glucoamylase and o-glucosidase differ in their substrate preference: a-glucosidase
acts best on short maltooligosaccharides and liberates glucose while glucoamylase
hydrolyzes long-chain polysaccharides. B-amylases and glucoamylases have also been
found in a large variety of microorganisms (49). Other exo-acting amylolytic enzymes
are cyclodextrin glycosyltransferase (EC 2.4.1.19), an enzyme that additionally has
transglycosylation activity, maltogenic oa-amylase (EC 3.2.1.133) (50), and
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maltooligosaccharide-forming amylases such as the maltotetrahydrolase (EC 3.2.1.60)
from Pseudomonas stutzeri (51) or the maltohexahydrolase (EC 3.2.1.98) from
Klebsiella pneumoniae (52).

The third group of starch-converting enzymes are the debranching enzymes that
hydrolyze a,1-6 glycosidic bonds: isoamylase (EC 3.2.1.68) and pullulanase (EC
3.2.1.41). Pullulanase hydrolyzes the a,1-6 glycosidic bond in pullulan and
amylopectin, while isoamylase can only hydrolyze the a,1-6 bond in amylopectin.
These enzymes exclusively degrade amylopectin, thus leaving long linear
polysaccharides. There are also a number of pullulanase type enzymes that hydrolyze
both a,1-4 and a,1-6 glycosidic bonds, referred to as amylopullulanase (EC
3.2.1.1/41). The main degradation products are maltose and maltotriose. A special
enzyme belonging to this group of pullulanases is neopullulanase (EC 3.2.1.35), which
can also perform transglycosylation with the formation of a new a,1-4 or a,1-6
glycosidic bond (53).

The fourth group of starch-converting enzymes are the transferases that cleave an
a,1-4 glycosidic bond of the donor molecule and transfer part of the donor to a
glycosidic acceptor with the formation of a new glycosidic bond. Enzymes such as
amylomaltase (EC 2.4.1.25) and cyclodextrin glycosyltransferase (EC 2.4.1.19) form a
new o,1-4 glycosidic bond while branching enzyme (EC 2.4.1.18) forms a new a,1-6
glycosidic bond. Amylomaltases are very similar to cyclodextrin glycosyltransferases
with respect to the type of enzymatic reaction. The major difference is that
amylomaltase performs a transglycosylation reaction resulting in a linear product
while the reaction of cyclodextrin glycosyltransferase gives a cyclic product.
Amylomaltases have been found in different microorganisms in which they are
involved in the utilization of maltose or the degradation of glycogen (54). Glucan
branching enzymes are involved in the synthesis of glycogen in many microorganisms.
They are responsible for the formation of a,1-6 glycosidic bonds in the side chains of
glycogen.

1.2.2 The common features of family 13 glycosyl hydrolase

The enzymes act on the a-glycosidic bonds and hydrolyse this bond to produce a-
anomeric mono- or oligosaccharides. They also exhibit transglycosylation activity

where a-1,4 or 1,6 glycosidic linkages are formed (55).
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In general, enzymes in the a-amylase family contains three domains: A, B and C.
Domain A is a (P/a)s barrel structure containing the catalytic domain and four highly
conserved regions in their primary sequence (Table 2) (55, 56). Domain B is a small
component which protrudes at the third B-strand of the domain A. Domain C is located
at the C-terminus of domain A/B which made up of B-strands and is thought to
stabilize the catalytic domain by shielding hydrophobic residues of domain A from the
solvent (57). It is suggested that domain C may help in substrate binding (58, 59)
(Figure 4).

Enzymes in the o-amylase family contain Asp, Glu, and Asp residues
corresponding to Asp-206, Glu-230 and Asp-297 of Taka-amylase A which was the
first reported structure in the a-amylase family (60, 61) (Table 2). These three residues
have been recognized as the catalytic sites in Taka-amylase A (62), Bacillus subtilis
and B. stearothermophilus a-amylase (62, 63), as well as in neopullulanase (64),
cyclomaltodextrinase (65), CGTases (66, 67), amylopullulanase (68) and branching
enzyme (68, 69). The three essential catalytic residues are strictly conserved in both
amino acid sequence and three-dimensional structure (70).

The binding of calcium is also a general common feature of the a-amylase
family. Several members are known to bind to one or more calcium ions. Many
enzymes have a highly conserved Ca*" binding site located between domain A and B,
which preserves the structural integrity of the active site (71). For example, in the
Aspergillus niger a-amylase, there are two binding sites. The primary site is essential
in maintaining proper folding around the active site and contains a tightly bound Ca*"
whereas the secondary site is located at the bottom of the substrates binding cleft and
involves the catalytic residues (Asp and Glu) (72). The 3D structure of cyclodextrinase
(CDase) from Flavobacterium sp. revealed that CDase contains two Ca”" binding sites.
One is called Ca-I site, a conserved calcium-binding site essential to stabilize the
conformation of domain B that is involved in substrate binding. The removal of Ca-I
was shown to promote proteolysis (73). The second calcium site of Flavobacterium sp.
CDase is called Ca-II, which stabilizes a surface region that is far away from the active

center (74).
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Table 2. The four highly conserved regions of family 13 glycosyl hydrolase.

Amino acids in catalytic sites are underlined (adapted from: Kuriki and Imanaka,

1999) (56).

Enzyme Origin Region 1 Region 2 Region 3 | Region 4
a-Amylase Aspergillus oryzae DVVANH | GLRIDTVKH | EVLD | FVENHD
CGTase Bacillus macerans DFAPNH | GIRFDAVKH | EWFL | FIDNHD
Pullulanase Klebsiella aerogenes DVVYNH | GFRFDLMGY | EGWD | YVSKHD
Isoamylase Pseudomonas amyloderamosa DVVYNH | GFRFDLASV | EPWA | FIDVHD
Branching enzyme | Escherichia coli DWVPGH | ALRVDAVAS | EEST | LPISHD
Neopullulanase Bacillus stearothermophilus DAVFNH | GWRLDVANE | EIWH | LLGSHD
a-glucosidase Saccharomyces calsbergenesis DLVINH | GFRIDTAGL | EVAH | YIENHD
Cyclodextrianse Thermoanaerobacter ethanolicus | DAVENH | GWRLDVANE | EVWH | LIGSHD
Amylopullulanase | Bacillus sp. KSM-1378 DGVFNH | GWRLDVANE | EEID | LIGSHD

CGTase = cyclodextrin glucanotransferase (EC 2.4.1.19)

Figure 4. Ribbon representation of the conserved domains of a-amylase family

TMA domain A

(taken from: www.mol.biol.ethz.ch/groupsglockshuber group/Research/picture)
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1.2.3 Pullulan

Pullulan is a linear homopolysaccharide of glucose which consists of D-
glucopyranosyl units alternating between one (1,6)-0-D and two (1,4)-a-D linkages or
a linear polymer of a-(1,6) linked maltotriose (Figure 5). However, pullulan can also
be considered as a polymer of panose or isopanose subunits. The pullulan molecule is
pH neutral and its molecular weight ranges from 1,500 to 810,000 kDa. Pullulan and
its derivatives are used in foods, pharmaceuticals, manufacturing, and electronics (76).

1.2.4 Application of pullulanases

Thermostable pullulanases are very useful in industrial applications. They are
used in the starch industry, productions of maltose syrup (77), glucose and fructose
(78). Furthermore, pullulanases are used to produce useful industrial substrates such as
maltose, amylose, and glucose (79). These enzymes are used to produce low
carbohydrate “light beer” by adding it together with fungal a-amylase or glucoamylase
to the wheat during fermentation (80).

Glucoamylases have wide industrial applications. They are used in the
degradation of dextrins to produce glucose, an intermediate step in the production of
high-fructose corn syrups and ethanol (80).

Neopullulanases also have various industrial applications. Alkali-resistant
neopullulanases can be used as effective additives in dishwashing and laundry
detergents at alkaline condition (81). Moreover, panose which is a degradation product
of pullulan, might be used as an anti-cariogenic sweetener in foods, because it is
mildly sweet, non-fermentable by oral bacteria, and inhibits the synthesis of insoluble
glucan from sucrose (64). Therefore, panose might be useful for preventing teeth

caries (82).
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Figure 5. The structure of pullulan (taken from: Leathers, 2003) (76)

Copyright by Mahidol University
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1.2.5 Pullulan degrading enzymes

Pullulan degrading enzymes are classified into four types that belong to family 13
glycosyl hydrolase (25, 83) according to the catalytic reaction domain and substrate
specificity (56, 84) (Figure 6).

(1) Pullulanases (EC 3.2.1.41), also called true pullulanases (dextrinases,
debranching enzymes and amylopectin 6-glucanohydrolases) hydrolyze o-(1,6)-
glucosidic linkages of pullulan to produce maltotriose (84, 85).

(2) Glucoamylases (EC 3.4.1.3) are exoglucanases, which hydrolyze pullulan
from non-reducing ends to produce glucose. These enzymes have been isolated from
thermophilic anaerobic Clostridium sp. G0005 (86) and Thermoanaerobacterium
thermosaccharoliticum (87).

(3) Isopullulanases (EC 3.2.1.57) hydrolyze a-(1,4)-glucosidic linkages of
pullulan to produce isopanose (6-0-o-maltosyl-glucose). These enzymes have been
isolated from fungi (88).

(4) Neopullulanases (EC 3.2.1.135), a new type of pullulan-hydrolyzing enzyme
was first reported from Bacillus stearothermophilus TRS40 (82). The enzyme mainly
hydrolyzes a-(1,4)-glucosidic linkages of pullulan to produce panose (6-0-D-
glucosylmaltose). This type of enzyme includes cyclomaltodextrinase (EC 3.2.1.54)
and maltogenic amylase (EC 3.2.1.133). All have the ability to hydrolyze broad range
of substrates which are pullulan, cyclodextrins and starch. These three enzymes were
named differently according to their substrate preferences. However, due to the
similarity of three-dimensional structure of these enzymes, it was proposed that they
should be renamed as the same enzyme (89). The details of this group will be given in

the next section.
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1.2.6 CD-/pullulan hydrolyzing enzymes (neopullulanase subfamily)

The CD-/pullulan hydrolyzing enzymes are composed of cyclomaltodextrinase
(CDases), maltogenic amylase (MAases), and neopullulanase (NPases) which
hydrolyze cyclodextrins, pullulan and starch (90). These enzymes share similarity in
substrate specificity and amino acid identity (40-60%) (89). Enzymes in this group
show distinct substrate specificity from other family 13 members (91). Common
characteristic found among CD-hydrolyzing enzymes is their additional N-terminal
domain, which is the unique addition of approximately 130 residues at the N-terminus.
The role of the N-domain has been extensively investigated in neopullulanase of
Thermoactinomyces vulgaris R-47 (TVA I and TVA II) (57). It was found that domain
N is important for the hydrolysis of CDs, and is essential for the activities for all
substrates (maltooligosaccharides, pullulan and starch) (57). The unique N-terminal
domain of maltogenic amylase from Thermus sp. (ThMA) plays a major role in the
modification of the common active site structure through dimer formation (90). In
CDase of Bacillus sp. I-5 (BaCD), domain N participates in dimer formation. In these
dimers, the N-terminal domain of one subunit contacts the active site of other subunit
and participates in CD binding. Besides the common dimerization, BaCD forms as a
hexamer of these dimers (89).

1.2.6.1 Cyclomaltodextrinase (EC 3.2.1.54; CDase)

CDase is defined as an enzyme that hydrolyzes cyclodextrins (CDs) to form
linear malto-oligosaccharides. These substrates, a-, -, and y-cyclodextrins (CDs) are
composed of six to eight D-glucopyranosyl residues linked by a-1,4 glycosidic bonds,
respectively. CDase was designated as such due to the fact that the enzymes tend to
hydrolyze CDs much faster than other substrates which are pullulan and starch (92).
CDases from various sources such as Bacillus macerans (93), B. coagulans (94),
Thermoanaerobacter ethanolicus 39E (65), Bacillus sp. I-5 (89), Flavobacterium sp.
(74) and B. sphaericus ATCC7055 (95) have been isolated and characterized.

1.2.6.2 Maltogenic amylase (EC 3.2.1.133; MAase)

Maltogenic amylases exhibit unique characteristics that are different from other
a-amylase family (96-99) in that they are intracellular enzymes and hydrolyze CDs
and starch mainly to maltose thereby named as “maltogenic amylases” (90). They

exhibit a dual activity of both a-1,4 and a-1,6 glycosidic bonds and a-1,4, to a-1,3, a-
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1,4 or a-1,6-transglycosylation (100). MAases hydrolyze CDs and starch to maltose
and pullulan to panose. The enzyme prefers cyclodextrin (CDs) to starch or pullulan.
MAases cleave a-1,4 glycosidic bond much more efficiently than a-1,6 glycosidic
bond. Several maltogenic amylases have been cloned from bacteria including Bacillus
licheniformis (96), Bacillus stearothermophilus (100) and Thermus strain IM6501
(99).

1.2.6.3 Neopullulanase (EC 3.2.1.135; NPase)

Neopullulanases hydrolyze pullulan to panose (84), CDs and amylose to
maltose (73). They hydrolyze not only a-1,4-glycosidic linkages but also a-1,6-
glycosidic linkages of several branched oligosaccharides (101). Only one active center
of the neopullulanase has been reported to participate in the hydrolysis of both
glycosidic linkages (64). Furthermore, neopullulanases catalyze all four types of
reactions: hydrolysis of a-1,4 and a-1,6 glycosidic linkages, and transglycosylation to
form a-1,4 and a-1,6 glycosidic linkages (64, 83). Isolation and characterization of
neopullulanases have been reported from Bacillus stearothermophilus (83),
Alicyclobacillus acidocaldrius (102), Thermoactinomyces vulgaris R-47 (57),
Bacteroids thetaiotaomicron 95-1 (103) and B. polymyxa CECT155 (104).

1.2.6.4 3D structure of neopullulanase subfamily

Like any other enzymes belonging to glycosyl hydrolase family 13, enzymes in
neopullulanase subfamily contain the typical domains A, B and C (Figure 7). As
mentioned above, one characteristic of the CD-degrading enzyme is their additional N-
terminal domain (57). The crystal structures of two CD-degrading enzymes,
maltogenic amylase from a Thermus strain (ThMA) (90) and neopullulanase from T.
vulgaris R-47 (TVA 1II) (105) revealed that this unique N-terminal domain (composed
of B-strands) of approximately 130 residues modifies the active site to achieve distinct
specificity properties which contribute the preference for CDs, whereas these enzymes
hydrolyze starch or pullulan inefficiently. 3D structure studies revealed that CDase
from Bacillus I-5, ThMA, and NPase from T. vulgaris R-47 (TVA 1) are very similar
in terms of their structures and catalytic property and that they can be rather easily
distinguished from other amylases on the basis of the N-terminal domain and the well

conserved residues, Try and Phe (89). Therefore, from previous studies, it has been
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suggested that cyclodextrinase, maltogenic amylase and neopullulanase should be

renamed into a single enzyme (89).

domain C

Figure 7. Ribbon representative of the conserved domains of Thermoactinomyces
vulgaris R-47 neopullulanase (TVA II) (taken from: Mizuno et al., 2004) (106)
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1.3 The role of thermostable enzymes.

As mention earlier, enzymes are useful in various industrial applications. One
characteristic that is required in industrial processes is thermostability. Several
substrates can only be degraded or converted by enzymes under extreme conditions.
The increase in temperature has a significant influence on the solubility of organic
compounds (107). The most widely used thermostable enzymes are amylases and
pullulanases in the starch industry. Starch is converted to fructose syrup or modified
during the baking process. Thermostable enzymes are required to degrade starch
because the substrate must be heated to 60 C to gelanize before it is vulnerable to
enzymatic digestion (108). In pulp and paper industry, the wood used for the
production of the pulp is treated at high temperature and basic pH, which required
thermostable enzymes, such as xylanases (109). Therefore, thermostable enzymes
have gained wide industrial and biotechnological interests because they are suitable
for harsh industrial processes (110). In addition, high temperature helps eliminate the
risk of bacterial or viral contamination. For these reasons, the number of studies on
extremophiles from extreme environments have grown rapidly in the past few years

(109, 111, 112).

1.4 Direct DNA isolation from environment

Soil is a major source of organic carbons on earth and an important habitat for
microorganisms (113). Moreover, soil microorganisms are the main sources for natural
products e.g. antibiotics, anticancer drugs, antifungal compounds, and enzymes (114).
A great diversity is found in soil microorganisms as revealed by experiments using
16S rRNA sequence analysis (115, 116), in situ hybridization (117, 118) or dot blot
hybridization (117). Therefore, soil microbial diversity is rich and remains widely
unexplored resource for novel industrial enzymes and bioactive compounds (119).

For many years, the diversity of soil microorganisms has been established based
on culture-dependent approach. However, this approach has a limitation in that
approximately only 1% of soil microorganisms can be cultured using the standard
methods. Thus, the remaining 99% of soil microorganisms have yet to be identified
(117). Therefore, culture-independent approaches have been developed to overcome

such limitation (120, 121).
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Thailand, being a tropical country, has been known for the great biodiversity of
microorganisms. One of the potential bioresources for obtaining novel enzymes in
Thailand is hot spring. Recently, the biodiversity of one of hot springs, Bor Khlueng,
has been established (122). Using 16S ribosomal RNA (rRNA) gene-sequence
analysis, approximately 80% of the prokaryotic sequences found in Bor Khlueng hot
spring were unknown. This suggested the possibility of identifying new potential

enzymes from this environment.

1.5 Culture-independent approaches (activity-based screening and sequence-
based screening approaches).

To obtain the enzymes or natural products directly from soil without cultivation,
two approaches can be used which are activity-based screening and sequence-based
screenings.

Activity-based screening has the potential to detect entirely novel genes encoding
new types and classes of enzymes or to identify new bioactive compounds. To isolate
the novel enzymes from environmental DNA, total soil microbial genomes
(metagenome) are extracted to construct metagenomic library and enzymatic reactions
with specific substrates can then be screened. Many enzymes of industrial importance
have been discovered using this strategy (107, 123). The advantage of this method is
the potential of accessing totally unknown sequence and selection for full-length genes
with functional gene products. The limitations, however, are that this method requires
the expression of the functional protein of interests in the appropriate host cell (e.g.
Escherichia coli). Therefore, more than one type of hosts might be needed in order to
obtain functional proteins. The large size of the library is also required. Furthermore,
efficient and economical screening methods for the desired traits must be established
to facilitate the screening of vast libraries (124).

Sequence-based screening approach required oligonucleotide primers to identify
target genes directly by polymerase chain reaction (PCR). Therefore, the conserved
amino acid sequences must be known to design degenerate primers to match unknown
target genes followed by genome walking PCR to retrieve the full-length gene. One
advantage of the sequence-based screening approach is that this method is not

dependent on the heterologous expression of cloned genes. Using this approach, it is
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possible to obtain target enzymes with low level of expression which could be
undetected when activity-based screening was employed. Sequence-based screening
approach was successfully used in discovering various enzymes such as xylanases

(111, 112), amylases (125) and polyketide synthases (126, 127).
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CHAPTER II
OBJECTIVES

The aims of this thesis are to clone and express the enzymes from glycosyl
hydrolase family (xylanase and neopullulanase) from the sediments of Bor Khlueng

hot spring.
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CHAPTER III
MATERIALS

3.1 Bacterial strains

Escherichia coli, DH5a [supE44 AlacU169 (¢80 LacZ M15) hsdR17 recAl
endA1 gyrA96 thi-1 relA1] was used as a host for plasmid propagation.

Esherichia coli, Rosetta-gami(DE3)pLysS [(Aara—leu7697 AlacX74 AphoAPvull
phoR araD139 ahpC galE galK rpsL F'[lac+(lacl®)pro] gor522 ::Tn10 (Tc®) trxB::kan
(DE3) pLysSRARE6 (Cm")] was employed as a host cell for expression.

3.2 Yeast strain
Pichia pastoris KM71 (arg4, his4, aox1::Arg4) was used as a host cell for protein

expression.

3.3 Plasmid vectors

pGEM-T® Easy vector (Promega) was used for all cloning steps. A physical map
of pGEM-T" Easy is shown in Figure 8.

pPICZoA vector (Invitrogen) was used as an expression vector in P. pastoris. A
physical map of pPICZaA vector is shown in Figure 9.

pET-32a(+) and pET-43.1a(+) vectors (Novagen) were used as expression vector

in E. coli. Physical maps of both vectors are shown in Figure 10 and 11, respectively.

3.4 Sampling site
Soil sample was obtained from Bor Khlueng hot spring in Ratchaburi province,
Thailand. The water temperature when the sample was taken was 55 °C with the pH

of 6.6.
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3.5 Synthetic oligonucleotides
All synthetic oligonucleotides (primers) used in this study (Table 3) were
synthesized by Bioscience Unit, BIOTEC (Thailand) or PROLIGO Singapore Pty Ltd.

3.6 Culture media

3.6.1 Bacterial culture medium (for transformation containing pGEM®-T
Easy vector)

E. coli strain DH5a was grown in LB [1% (w/v) peptone (Difco), 0.5% (w/v)
NacCl, and 0.5% (w/v) yeast extract (Difco)]. The E. coli transformants were grown in
LB containing 100 pg/ml ampicillin (Sigma, USA). For agar plates, 2% (w/v) of
bacteriology agar was added. For X-gal/IPTG agar plates, 40 ul of a stock solution 5-
bromo-4-chloro-3-indodyl-B-D-galactoside (X-gal; 20 mg/ml of X-gal in
dimethylformamide) and 4 pl of a solution of isopropylthio-B-D-galactoside (IPTG;
200 mg/ml of IPTG in water) were added in agar media.

3.6.2 Bacterial culture medium (for transformants containing pPICZoA
vector)

E. coli (strain DH5a) was cultured in low salt LB medium containing 1% (w/v)
tryptone or peptone (Gibco BRL, USA), 0.5% (w/v) NaCl and 5% (w/v) yeast extract
(Gibco BRL, USA), the pH of the medium was adjusted to 7.5 with NaOH. The E. coli
transformants were grown in low salt LB medium containing 25 pg/ml Zeocin™
(Invitrogen, Canada) as a selectable marker.

3.6.3 Yeast culture medium

3.6.3.1 Culture and selective media

P. pastoris (strain KM71) was grown in a rich medium YEPD [2% (w/v)
peptone, 2% (w/v) glucose (Sigma, USA) and 1% (w/v) yeast extract]. P. pastoris
transformants were cultured under selective condition in YEPD containing 100 pg/ml
Zeocin™.,

3.6.3.2 Expression medium

Bufferd minimal glycerol complex medium (BMGY) contained 0.67% (w/v)

yeast nitrogen base, 1% (w/v) yeast extract, 2% (w/v) peptone, 100 mM potassium

phosphate, pH 6.0, 0.00004% biotin (w/v), and 1% (w/v) glycerol.
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Buffered minimal methanol medium (BMMY) contained 0.67% (w/v) yeast
nitrogen base, 1% (w/v) yeast extract, 2% (w/v) peptone, 100 mM potassium

phosphate, pH 6.0, 0.00004% biotin, and 3% (w/v) methanol.

3.7 Chemicals
Zeocin™ was purchased from either Invitrogen, Canada or CAYLA, France.
Other chemicals and solvents (analytical grade) were purchased from Gibco BRL,

USA; Fluka, Switzerland; Sigma, USA or Merck, Germany.

3.8 Kits
TRI REAGENT® Molecular Research Center, USA
pGEM-T® Easy vector Promega, USA
QIAGEN gel extraction kit QIAGEN, Germany
QIAprep Spin Miniprep Kit QIAGEN, Germany
GenomeWalker™ Kit CLONTECH, USA

Improp-1I"™ Reverse Transcription System Promega, USA
RevertAidTM H Minus First Strand Fermentas, Lithuania
cDNA Synthesis Kit

3.9 Enzymes

All enzymes were purchased from New England Biolabs, USA; Boehringer
Mannheim, Germany; Promega, USA; Gibco BRL, USA; Stratagene, USA; Sigma,
USA; Fermentas, USA or Invitrogen, USA.
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Figure 8. The physical map of pGEM®-T Easy vector (Promega)
The plasmid contains a 3' terminal thymidine added to both ends, which is
compatible with a single deoxyadenosine overhang at 3' end of PCR product generated

by certain thermostable polymerases.
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Figure 9. A physical map of pPICZaA vector (taken from Invitrogen’s manual No.
V195-20)
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Figure 10. A physical map of pET-32a(+) vector (taken from Novagen’s instruction
manual TB 122 )
pET-32a(+) sequence landmarks:

T7 promoter 764-780
T7 transcription start 763
Trx-Tag coding sequence 366-692
His-Tag coding sequence 327-344
S-Tag coding sequence 249-293
Multiple cloning sites (NcoI-Xhol) 158-217
His-Tag coding sequence 140-157
T7 terminator 26-72

lacl coding sequence 1171-2250
pBR322 origin 3684

bla coding sequence 4445-5302

f1 origin 5434-5889
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Figure 11. A physical map of pET-43.1a(+) vector (taken from Novagen’s

instruction manual TB 288 )

pET-43.1a(+) sequence landmarks:

T7 promoter 2390-2406
T7 transcription start 2390
Nus-Tag™ coding sequence 834-2318
His-Tag" coding sequence 801-818
S-Tag™ coding sequence 747-791
Multiple cloning sites (Smal-Xhol) 721-686
HSV-Tag” coding sequence 537-572
His- Tag® coding sequence 513-530
T7 terminator 27-73

lacl coding sequence 2797-3879
pBR322 origin 5073

bla (Ap) coding sequence 5833-6693
f1 origin 6815-7262
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Table 3. Primers used in each experiment. For the degenerate oligonucleotides, the

following abbreviations are used (I= Inosine; M= A, C; N=A, T, C, G; R= A, G; S=

C,GW=AT;Y=C,T)

Experiments and Primer Size | Tm
names Sequence (5'-3") (bp) | (°O)

bacterial 16S forward primer AGAGTTTGATCCTGGCTCAG 20 60
bacterial 16S reverse primer GGTACCTTGTTACGACTT 18 52
Adaptor Primer (AP1) GTAATACGACTCACTATAGGGC 22 59
Nested Adaptor Primer (AP2) | ACTATAGGGCACGCGTGGT 19 71
ST 1 primer GGCCACGCGTCGACTAGTAC(N,o)GATAT 35 61
ST 2 primer (CUA); GGCCACGCGTCGACTAGTAC 32 61
Family 10 xylanase gene
Partial xylanase gene
XylF23 MGNGGICAYACNYTIGTITGGCA 23 55
XYNFR T(AC)GTT(GT)AC(AC)AC(AG)TCCCA 17 | 44
3'-end DNA amplification
XYL2GW_DWI1 GATGCGGGAACACATTTTTAGTGTGG 26 61
XYL2GW_DW2 GGTACATGGGTGGGACGTGGTAAACT 26 62
GWC_DWI ATTAGACGTGAGCGTGCTCCCGTTTC 26 64
GWC DW2 GGGCAGATGTGGGCTTGAAGTTTGAAT 27 64
5'-end DNA amplification
XYL2GW_UP1 CACACTAAAAATGTGTTCCCGCATCC 26 61
XYL2GW _UP2 GTCTTGAAATACCCAAGCCGGTGTCT 26 61
Family 13 glycosyl hydrolase
Partial amplification
amyl YTNGAYGSIGTITTYAAYCA 20 54
amylV GTRTCRTGISWICCIARIARRTT 23 44
3'-end DNA amplification
BK44GW_DWI1 GAAGCCTACCTCGTGGGCGAAATCT 26 65
BK44GW DW2 CGACGCCGTGACGAACTATCTCTTA 25 60
5'-end DNA amplification
BK44GW _UP1 CGGGTTGTCTGTGTTGAACTTTGGC 25 62
BK44GW UP2 TTGCCATCGTAAGGATAGAGGGGGA 25 63
full-length DNA amplification
FLBK44 F ATGAATAGTACTATGAACGAAAGGATAGCC | 30 56
FLBK44 R TTACACTACCTGAAGAACAACCCCACTTC 29 60
P. pastoris expression
pICBK44-3F GCCTCGAGAAAAGAATGAATAGTACTATGA | 30 57
pICBK44-3R GCTCTAGATTACACTACCTGAAGAACAAC 29 54
E. coli expression
pETBK44 F GCCCATGGCTATGAATAGTACTATGAACGA 30 62
pETBK44 R GCGAATTCTTACACTACCTGAAGAACAAC 29 58
BAMpET F GCGGATCCATGAATAGTACTATGAACGA 28 60
pET43 1BK44R GCGGTACCTTACACTACCTGAAGAACAAC 29 60
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CHAPTER 1V
METHODS

4.1 Genomic DNA extraction with SDS-based DNA extraction method (Zhou et
al., 1996) (128)

5g of soil sample from Bor Khlueng hot spring was mixed with 13.5 ml of DNA
extraction buffer (100 mM Tris-HCI [pH 8.0], 100 mM sodium EDTA [pH 8.0], 100
mM sodium phosphate [pH 8.0], 1.5 M NaCl, 1% (w/v) cetyltrimethylammonium
bromide (CTAB)) and 100 pl of proteinase K (10 mg/ml) by horizontal shaking at
225 rpm for 30 min at 37 °C. Next, 1.5 ml of 20% SDS was added, and the sample
was incubated in a 65 °C water bath for 2 h with gentle end-over-end inversions every
15 to 20 min. The supernatant was collected after centrifugation at 6,000 xg for 10
min at room temperature and transferred to 50-ml centrifuge tubes. The soil pellet was
extracted two more times by adding 4.5 ml of the extraction buffer and 0.5 ml of 20%
SDS, vortexing for 10 sec, incubating at 65 °C for 10 min, and centrifuged as before.
Supernatants from the three cycles of extraction were combined and mixed with an
equal volume of chloroform-isoamyl alcohol (24:1, v/v). The aqueous phase was
recovered by centrifugation and precipitated with 0.6 volume of isopropanol at room
temperature for 1 h. The pellet of crude nucleic acids was obtained by centrifugation
at 16,000 xg for 20 min at room temperature, washed with cold 70% ethanol, and
resuspended in sterile distilled water. The DNA was analyzed on 0.8% agarose gel

electrophoresis.

4.2 DNA concentration and purity determination
The quantity and quality of DNA were determined by using a spectrophotometer
(Hitachi, Japan) at the absorbance of 260 nm and 280 nm. The DNA concentration
was calculated by the formula:
DNA concentration (pg/pl) = Aseo x (dilution factor) x 50
1000
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The DNA purity was determined by the absorbance ratio of Ayeo/Azs0. A ratio should
be between 1.6-1.8 which represents a high purity of DNA.

4.3 DNA electrophoresis

The agarose gel was prepared by melting 0.8 % (w/v) of agarose gel in 1X TBE
(Tris borate buffer, 89 mM boric acid, 89 mM Tris-HCI, 2 mM EDTA, pH 8.0). The
gel was poured into an electrophoretic tray and allowed to set at room temperature for
20-30 min. 1X TBE was used as an electrophoretic buffer. The digested DNA or
PCR product was mixed with 30% (v/v) of loading dye (25% glycerol, 60 mM EDTA
and 0.25% bromphenol blue), loaded into the prepared gel and run at a constant
voltage at 110 volts for 1 h. The gel was then stained in 2.5 g/ml of ethidium bromide
solution for 5 min and destained in water for 15-20 min. The DNA was visualized
under UV light [Gel Doc model 100 (Bio-Rad, USA) or BioDoc-It"™ System (UVP,
USA)] and photographed.

4.4 DNA purification by QIAquick gel extraction kit (QIAGEN Kkit)

A band containing crude extracted DNA was cut from the gel under a UV light.
QIAGEN gel extraction kit was used to purify the PCR product. Specifically, three
volumes of buffer QX1 were added to the excised gel containing the PCR product.
The mixture was incubated at 50 °C for 10 min or until the gel was completely
dissolved. The color of the solution should be yellow to ensure that pH was not less
than 7.5 which give high efficiency of DNA binding to QIAquick column. Then, one
volume of isopropanol was added to the mixture to increase the yield of DNA
fragments that was smaller than 500 bp or larger than 4 Kb. The mixture was, then,
applied to the QIAquick column which was placed in a 2 ml collection tube and
centrifuged at 14,000 xg for 1 min. After the flow through was discarded, 0.5 ml of
buffer QX1 was added to QIAquick column to remove all traces of agarose. The
column was then centrifuged as described previously. Next, 0.75 ml of buffer PE was
added to the QIAquick column for washing. The column was left at room temperature
for 2-5 min and centrifuged twice. The column was placed in a fresh 1.5 ml tube. A
volume of 30 pl of elution buffer was added to the QIAquick column and the column

was left at room temperature for 1 min to dissolve DNA. The tube was then
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centrifuged as above. The step of DNA elution with the elution buffer was repeated to
obtain the maximal amount of DNA. Then, 1-2 pul of concentrated DNA was analyzed

by gel electrophoresis in order to determine its concentration.

4.5 Amplification of bacterial 16S rDNA

To determine if the purified DNA is of sufficient quality (i.e. no humic acid
present) for downstream experiments, PCR, using universal bacterial 16S rDNA
primers (Table 3), were used to amplify 16S rDNA from purified DNA. PCR
amplification was performed in 50 pl reaction mixtures containing 2 ul of purified
DNA, 0.4 uM of each primer, 1X Mg*'-free DyNAzyme EXT buffer, 1.0 mM MgCl,,
1 mM dNTPs and 1 unit DyNAzyme EXT DNA polymerase (Finnzyme, Finland).
PCR was performed with a Perkin-Elmer model 2400 GeneAmp apparatus for 35
cycles of denaturation at 94 °C for 30 sec, annealing at 50 °C for 30 sec, and extension
at 72 °C for 1 min. The purified DNA was analyzed on 0.8% agarose gel
electrophoresis, then visualized under UV light and photographed.

4.6 DNA amplification of xylanase and pullulanase gene

4.6.1 Degenerate primers design

The degenerate oligonucleotide primers were designed based on the conserved
regions of family 10 xylanase genes and family 13 o-amylases for xylanase and
pullulanase genes, respectively.

4.6.2 PCR amplification

4.6.2.1 PCR amplification of xylanase gene

To amplify the partial sequence of xylanase gene from Bor Khlueng hot spring
sediment, PCR was employed using XylF20 and XYNFR primers (Table 3). PCR
amplification was performed in 50-pl reaction mixtures containing 2 pl of purified
DNA, 1 uM of each primer, 1X thermophilic DNA polymerase buffer [SO0 mM KClI,
10 mM Tris-HCI (pH 8) and 0.1% Triton® X-100], 1.5 mM MgCl,, 0.5 mM of dNTPs
and 1 units of Taq DNA polymerase (Promega, USA). The reaction was performed
with a Perkin-Elmer model 2400 GeneAmp apparatus for 35 cycles of denaturation at
94 °C for 30 sec, annealing at 46 °C for 1 min and extension at 72 °C for 1 min. PCR
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product was analyzed on 1.5 % agarose gel electrophoresis, then visualized under UV
light and photographed.
4.6.2.2 PCR amplification of pullulanase gene

To amplify the partial sequence of pullulanase gene from Bor Khlueng hot spring
sediments, PCR was employed using amyl and amyIV degenerate primers (Table 3).
PCR amplification was performed in 50-ul reaction mixtures containing 2 pl of
purified DNA, 1 uM of each primer, 1X thermophilic DNA polymerase buffer [50
mM KCI, 10 mM Tris-HCI (pH 8) and 0.1% Triton” X-100], 2.5 mM MgCl, 0.4 mM
of dNTPs and 1 units of Tag DNA polymerase (Promega, USA). The reaction was
performed with a Perkin-Elmer model 2400 GeneAmp apparatus for 30 cycles of
denaturation at 94 °C for 30 sec, annealing at 42 °C for 1 min and extension at 72 °C
for 1 min. PCR product was analyzed on 1% agarose gel electrophoresis, then

visualized under UV light and photographed.

4.7 Cloning of xylanase and pullulanase genes

4.7.1 Competent cell preparation using DMSO

A single colony of E. coli DH5a was inoculated into 250 ml SOB [2% peptone
(Difco), 0.5% yeast extract (Difco), 0.05% NaCl] broth and aerated at 250 rpm 18 °C
until ODg¢og reached 0.6. The cell culture was transferred into five sterile 50 ml
polypropylene centrifuge tubes and chilled on ice for 10 min. After centrifugation at
3,000 xg for 7 min at 4 °C, the cell pellet was resuspended in 20 ml of ice-cold TB
buffer [10 mM PIPES, 55 mM MnCl,, 15 mM CaCl,, and 250 mM KCI], and
incubated on ice for 10 min. The cell pellets were then resuspended in 20 ml of ice-
colded TB buffer and dimethy sulfoxide (DMSO) was added with gently swirling to
give the final concentration of 7% (v/v). The cell suspension was finally dispensed
into 100 pl aliquots in microcentrifuge tubes and stored at -80 °C.

4.7.2 DNA ligation

The purified DNA was ligated into the pGEM-T Easy vector (Promega,
Wisconsin, USA) in a molar ratio 1:3 (vector:insert). The appropriate amount of
DNA used in ligation was calculated from the following formula:

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

Kb size of vector
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In this study, 25 ng of pGEM-T Easy vector was used in a total volume of 10 pl.
Ligation mixture contained 1X rapid ligation buffer of T4 DNA ligase [30 mM Tris-
HCI (pH 7.8), 10 mM MgCl,, 10 mM EDTA, 1 mM ATP and 5% polyethyleneglycol]
and 3 units of T4 DNA ligase (Promega). The ligation mixture was mixed and
incubated for overnight at 4 °C.

4.7.3 Transformation of competent E. coli DH5a cells

10 ng of ligated product was mixed with 100 pul of competent cells. The mixture
was placed on ice for 30 min, immediately heat shocked at 42 °C for 90 sec and
placed back on ice for 5 min. A volume of 900 pul of SOC [2% peptone (Difco), 0.5%
yeast extract (Difco), 0.05% NaCl, 20 mM glucose] medium was added to the mixture
which was then incubated at 37 °C for 1:30 h with constant shaking. The cells were
spreaded on LB agar plate containing 100 g/ml of ampicillin, 4 pl of 0.8 M IPTG
(isopropylthio-pB-D-galactoside) and 20 pl of 50 mg/ml X-gal (5-bromo-4-chloro-3-
indodyl-B-D-galactoside) (IPTG and X-gal were spreaded over the surface of an LB
plate). The agar plate was incubated at 37°C for 12-16 h.

4.7.4 Master plate preparation and recombinant clone screening

After incubation for 12-16 h, blue and white colonies were observed.
Approximately 20 white colonies were picked and spotted on a LB agar plate
containing ampicillin, so called master plate. The master plate was incubated at 37 °C
for 12-16 h. To screen for the presence of DNA inserts from recombinant clones,
simplified rapid size screening was performed. One colony per clone was picked by
toothpick from the master plate and lysed in 30 pl of pre-warm lysis buffer [5 mM
EDTA, 10% (w/v) sucrose, 0.23% (w/v) SDS, 100 mM NAOH, 60 mM KCI and
0.05% (w/v) bromphenol blue]. The lysed cells were incubated at 37 °C for 5 min,
placed on ice for 5 min and centrifuged at 13,000 xg for 5 min. Then, 20 pl of
supernatant was analyzed on 0.8% agarose gel electrophoresis. Clones that contained
the plasmid DNA with the larger size than that of the vector alone were selected for

plasmid extraction.

4.8 Plasmid extraction

4.8.1 Plasmid extraction by CTAB method
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A selected colony was inoculated into 3 ml of LB broth containing 100 mg/ml of
ampicillin and incubated with vigorous shaking at 37 °C, overnight. To collect the cell
pellet, the cell suspension was centrifuged at 10,000 xg for 10 sec. The cell pellet was
resuspended in 200 pl STET buffer [8% sucrose, 0.1% Triton® X-100, 50 mM EDTA,
50 mM Tris-HCI, pH 8.0] followed by vigorous vortexing. 25 pl of lysozyme solution
(10mg/ml) was then added. Cell suspension was incubated at room temperature for 5-
10 min and boiled for 45 sec. The lysed cells were centrifuged at 12,000 xg for 15
min before the pellet of cell debris and chromosomal DNA were removed using
steriled toothpick. 20 pl of 5%CTAB was added, the mixture was then gently inverted
and incubated at room temperature for 5 min. After centrifugation at 12,000 xg for 5
min, the supernatant was removed, the pellet was resuspended in 300 pl of 1.2 M
NaCl and 5 pl of 10 mg/ml RNase A. After incubation at 37 °C for 30 min, 300 ul of
chloroform was added, the mixture was vigorously shaked for 30 sec and centrifuged
at 12,000 xg for 5 min. The upper aqueous phase was transferred into a new
microcentrifuge tube. To precipitate plasmid DNA, 2 volumes of absolute ethanol
were added and the mixture was incubated at room temperature for 5 min. The
precipitated DNA was obtained by centrifugation at 12,000 xg for 15 min. The
plasmid DNA pellet was then washed twice with 70% ethanol and air-dried. Finally
plasmid DNA pellet was resuspended in 20-30 ul of sterile water. The quality and
concentration of plasmid DNA were analyzed on 0.8% agarose gel electrophoresis.

4.8.2 Extraction of plasmid DNA using QIAprep Spin Miniprep Kkit
(QIAGEN)

The overnight cultured cells were collected by centrifugation at 5,000 xg for 10
min at 4 °C, and the supernatant was discarded. The pellet was resuspended in 250 pl
of buffer P1 and transferred to a new centrifuge tube. A 250 pl of buffer P2 was
added and the mixture was gently inverted for 4-6 times. A volume of 350 pl of buffer
N3 was then added and the mixture was further inverted for 4-6 times. After
centrifugation at 10,000 xg for 10 min the supernatant was transferred to the QIAprep
spin column which was inserted in a collection tube. The column was then
centrifuged at 10,000 xg for 1 min and the flow-through was discarded. The column
was then washed with 500 pl of buffer PB and centrifuged at 10,000 xg for 1 min.
After the flow-through was discarded, the QIAprep column was washed with 750 ul
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of buffer PE and centrifuged at 10,000 xg for 1 min. After the flow-through was
discarded the column was centrifuged for an additional 1 min to remove residual wash
buffer. The QIAprep column was then placed in a clean 1.5 ml microcentrifuge tube
and the DNA was eluted by adding 50 pul of buffer EB (10 mM Tris-Cl, pH 8.5). The
DNA was left standing for 1 min and collected by centrifugation at 10,000 xg for 1

min.

4.9 Insert size screening by restriction enzyme digestion

After recombinant plasmid was purified, the presence of DNA insert was
checked by EcoRI digestion. Plasmid (1pul) was added into the reaction mixture
containing 1X buffer [90 mM Tris-HCI (pH7.5), 50 mM NaCl and 10 mM MgCl,]
and 2-4 units of ECORI restriction endonuclease enzyme (Promega) in a final volume
of 20 pl. The reaction mixture was incubated at 37 °C for 3 h. The size of insert was

analyzed using appropriate percentage of agarose gel.

4.10 DNA sequencing
After screening with restriction enzyme analysis, the recombinant clones

harboring inserted DNA were sent for DNA sequencing (Macrogen, Korea).

4.11 Sequence analysis

DNA sequences obtained were translated into deduced amino acid sequences
using Bioedit Sequence Alignment Editor program. The DNA sequences from
different clones were aligned by Clustal X program. The homology of nucleotide and
the deduced amino acid sequences were searched in Genbank database

(http://www.ncbi.nlm.nih.gov) and compared to other related sequences by Clustal X

program.

4.12 Amplification of 5 and 3’ ends of xylanase and BK44 partial gene
sequences
4.12.1 Genome walking PCR (Clontech, USA) (Figure 12)
The construction of DNA libraries was performed by digestion with different

restriction enzymes (ECORV, Dral, Stul, and Pvull) that recognize a 6-base site and
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generate blunt-ended fragments. Digested genomic DNA was then ligated to the
GenomeWalker adaptor. The ligation mixture contained 1 pl of Genome Walker
adaptor, 1X ligation buffer and 3 units of T4 DNA ligase (Invitrogen) in the total of 8
ul.  After the ligation mixture was incubated for overnight at 16 °C, two rounds of
PCR amplification were performed using different primer pairs for 5’-end
amplification. The first PCR amplification was performed using the outer adaptor
primer (AP1) and outer gene specific primers (GSP1): XYL2GW_UPI and
BK44 UP1 for xylanase and BK44, respectively. The first PCR mixture was then
used as a template for nested PCR amplification using the nested adaptor primer
(AP2) and nested gene-specific primers (GSP2): XYL2GW_UP2 and BK44 UP2 for
xylanase and BK44, respectively. Both PCR reactions contained 1 pl of digested
genomic DNA template, 1X Tth PCR reaction buffer, 3 mM Mg(OAc),, 0.2 mM
dNTPs, 0.2 uM of each primer and 1 units Advantage Tth polymerase Mix (Clontech)
in a final volume of 25 pl. The primary PCR was performed using two-step cycles and
the condition for PCR was 7 cycles at 94 °C for 2 sec and 72 °C for 3 min, followed
by 32 cycles at 94 °C for 2 sec and 67 °C for 3 min and an final extension at 67 °C for
4 min. Then the secondary PCR amplification was performed for 5 cycles at 94 °C for
2 sec and 72 °C for 3 min followed by 25 cycles at 94 °C for 2 sec and 67 °C for 3
min. The PCR product was analyzed on 1.5% agarose gel electrophoresis. Then they
were purified, subcloned and sequenced as described in protocol 4.4, 4.6, 4.8, 4.9,
4.10 and 4.11. For 3’-end amplification, PCR reaction was performed as described
above in except that the following primers were used: XYL2GW _DWI1 and
XYL2GW_DW?2 (for xylanase), BK44 DW1 and BK44 DW2 (for BK44).

4.12.2 Semi-random two step PCR (129) (Figure 13)

Semi-random two step PCR (ST-PCR) is another variation of genome walking
PCR that can be used to obtain the full-length gene. Like genome walking from
Clontech kit, a set of gene specific primers was designed based on specific regions of
partial DNA fragments. Two rounds of PCR amplification were performed using
different pairs of primers. For 5’-end amplification, the primary PCR was performed
with a gene specific primer (GSP1) and ST1 primers. The obtained PCR product was
then used as a template for and nested PCR which was performed using a gene

specific (GSP2) and ST2 primers. Both PCR reactions contained 2 pl of genomic
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DNA template, 1X buffer, 3 mM MgCl,, 0.2 mM of dNTP, 0.2 uM of each primer
and 2.5 units of Tag DNA polymerase (Promega, USA) in a final volume of 25 ul. To
increase the specificity, touchdown PCR was performed. After incubation of the
reaction at 94 °C for 2 min, touchdown PCR was started by decreasing annealing
temperature for 1 °C per cycle from 42 to 37 °C for six cycles. This was then followed
by 30 cycles of denaturation at 94 °C for 30 sec, annealing at 55 °C for 30 sec and
extension at 72 °C for 3 min. Finally, a final extension was performed at 72 °C for 7
min. The nested PCR was then performed for 30 cycles of denaturation 94 °C for 30
sec, annealing at 55 °C for 30 sec and extension at 72 °C for 3 min. The PCR product
was analyzed on 1% agarose gel electrophoresis, purified, cloned and sequenced as
described in protocol 4.4, 4.6, 4.8, 4.9, 4.10 and 4.11. For 3’-end amplification, PCR
was performed as described above except that another set of primers was used as

described in 4.12.1

4.13 Cloning and amplification of a full length BK44 gene

To amplify the full-length gene of BK44, two gene specific primers, FLBK44 F
and FLBK44 R corresponding to the 5’ and 3’ends (Table 3), respectively were
designed according to the 5’ and 3’ sequences obtained from genome walking. The
reaction consisted of 4 pl of genomic DNA template, 1X Mg**-free DyNAzyme EXT
buffer, | mM MgCl,, 0.5 mM dNTPs, 1 uM of each primer, 1 unit of DyNAzyme
EXT DNA polymerase (Finnzyme, Finland), and sterile milliQ water to a final
volume of 50 ul. PCR was performed for 35 cycles of denaturation at 94 °C for 30
sec, annealing at 52 °C for 30 sec and extension at 72 °C for 1 min, followed by a
final extension at 72 °C for 10 min. The PCR product was then analyzed on 1%
agarose gel electrophoresis, purified, subcloned and sequenced as described in

protocol 4.4, 4.6,4.8,4.9,4.10 and 4.11.



Viriya Nitteranon

Amplify gene of interest
fraom all four libraries

Genomic DNA
fragment - GSP2
No binding site for APT 5~ ey g
Binding site is created h'l;l"‘." TN
on template of interest AP2 = " GenomeWalker
by extension of GSP1 Adaptor
AP1

Primary PCR with Advantage® Genomic
GSP1 _H\ Polymerase Mix (contains TthStart Antibody)
Y

=—————

Secondary or "nested" PCR with
BSPZ\ Advantage@Genumic Polymerase Mix

==

Examine products on
an agarose,/EtBr gel

M-8/ A2 WM

—- o
o ;e o

0.5

|

* Clone & characterize major PCR products
* Test for promoter activity by cloning into reporter vector

Figure 12. Schematic of genomic walking PCR (Clontech Kkit)
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Figure 13. Semi-random two step PCR (ST-PCR) (taken from: Chun et al., 1997)
(129)

4.14 Construction of BK44 in P. pastoris expression vector

4.14.1 Amplification of the full-length BK44

The full length gene of BK44 was amplified by PCR. The reaction was
performed in a 50 ul reaction that contained 10 uM of pICBK44 F and pICBK44 R
primers (Table 3), 1X DyNAzyme EXT buffer, 10 mM each of dNTPs, 1.5 mM
MgCly, 10 ng of template DNA (full-length gene of BK44 in pGEM-T Easy vector)
and 1U of DyNAzyme EXT DNA polymerase (Finnzyme, Finland). This reaction was
performed for one cycle at 94 °C, 35 cycles with 30 sec at 94 °C, 30 sec at 42 °C and
1 min at 72 °C, then 10 min at 72 °C. The PCR product was analyzed on 0.8% agarose
gel electrophoresis and purified using QIAGEN gel extraction kit.

4.14.2 Preparation of linearized pPICZoA

To subclone the full-length BK44 gene into the P. pastoris vector, pPICZaA, the
linearized pPICZaA vector was prepared by double digestion with Xhol and Xbal
restriction enzymes (Promega, USA). A reaction contained 3 pg of pPICZaA vector,
5 unit of restriction enzyme, 1X reaction buffer and sterile distilled water to give a

total volume of 60 pl. The digested products were purified using QIAGEN gel
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extraction kit. DNA ligation and transformation were then performed as described in
4.4, 472 and 4.73, respectively. The transformants were screened on low salt LB
medium [1% peptone (Difco), 0.5% yeast extract (Difco), 0.5% NaCl] containing 25

ng/ml Zeocin™ (Invitrogen).

4.15 Transformation of the recombinant plasmid into P. pastoris

4.15.1 Preparation of P. pastoris competent cells

A single colony of P. pastoris was aerated in 50 ml of YEPD at 30 °C until
ODggo reached 1.3-1.5. The cells were harvested and washed with 30 ml cold steriled
water and centrifuged at 4,000 xg for 5 min at 4 °C. The cells were then resuspended
in 5 ml of ice-cold 1 M sorbitol and centrifuged at 4,000 xg for 5 min at 4 °C. Finally,
cell pellets were resuspended in 800 pl of ice-cold 1 M sorbitol. 50 ul of the
competent cells were used for transformation by electroporation.

4.15.2 Preparation of linearized recombinant plasmids

Recombinant plasmids were linearized with Dral and precipitated with 60 pl of
95% (v/v) ethanol in the presence of 3 M sodium acetate and 1.5 pl of yeast tRNA.
After incubation at -80 °C for 15 min, the mixture was centrifuged at 10,000 xg at 4
°C for 10 min. The pellet was washed with 70% ethanol, and air-dried. The dried
pellet was resuspended in 10 pl sterile distilled water.

4.15.3 Transformation of linearized plasmid into P. pastoris cells by
electroporation

The reaction mixture was transferred to a pre-chilled 0.2 cm electro-cuvette

and left on ice for 5 min. The cells were pulsed by using Bio-Rad Gene Pulser with
the following conditions: 1.5 kV, 25 pF and 200 Q (with time constant of
approximate 4.5). 900 pl of YEPD was immediately added to the cells and the
solution was transferred to a sterile microcentrifuge tube. The cell mixture was
incubated at 30 °C without shaking for 1 h. The culture was centrifuged at 3,000 xg at
4 °C for 5 min and the supernatant was discarded. The cell pellets were resuspended
in 100 pl sterile distilled water and spreaded on YEPD plate supplemented with

Zeocin™, Plates were incubated at 30°C for 2-3 days until colonies were observed.

4.16 Total DNA isolation from P. pastoris transformants
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Both the recombinant and the wild type P. pastoris strains were aerated at 30 °C
until ODggo reached 5-10 in YEPD containing 100 pg/ml Zeocin™. Cells were
collected by centrifugation at 3,000 xg for 5 min at room temperature. The pellet was
washed with 1 ml of sterile water and resuspended in 200 pl of SCED buffer, pH 7.5
(1 M sorbitol, 10 mM sodium citrate, pH 7.5, 10 mM EDTA, 10 mM DTT). A
volume of 5 pl of lyticase (25U/ ul) was then added. The mixture was incubated at 30
°C for 3-4 h and 100 pl of 2% (w/v) SDS was added. After the mixture was gently
mixed, it was centrifuged at 10,000 xg for 5-10 min at 4 °C. The supernatant was
collected and transferred into a new microcentrifuge tube. 1 ml of absolute ethanol
was added and the mixture was incubated at 4 °C for overnight. DNA was then
centrifuged at 10,000 xg for 20 min at 4 °C, and resuspended in 500 pl of TE (10 mM
Tris HCL, pH 7.4 and 1 mM EDTA, pH 8.0). The DNA solution was incubated with 5
ul of 10 mg/ml RNase A at 37 °C for 1 h. An equal volume of phenol (pH 8) was then
added. The mixture was gently inverted and centrifuged at 14,000 xg for 5 min. An
aqueous phase was transferred into a new microcentrifuge tube. An equal volume of
chloroform: isoamyl alcohol (24:1) was added. The mixture was gently inverted and
centrifuged at 14,000 xg for 5 min. An aqueous phase was then transferred to a new
microcentrifuge tube. This step was repeated once; then 0.5 volume of 7.5 ammonium
acetate, pH 7.5 and two volumes of absolute ethanol were added to the DNA solution
which was then placed at -80 °C for 10 min. The solution was then centrifuged at
10,000 xg for 20 min at 4 °C. The DNA pellet was washed with 70% (v/v) ethanol
and resuspended in 30 pl of sterile distilled water. The obtained genomic DNA was

stored at 4 °C until used.

4.17 PCR analysis of P. pastoris integrants

Screening of P. pastoris integrants containing integrated recombinant plasmid
was performed by PCR. The reaction of 50 pl consisted of 1X buffer, 1.5 mM MgCl,,
10 mM of dNTP, 10 uM of each primer (5° AOX1 forward primer and 3’AOXI1
reverse primer), 50-100 ng of genomic DNA and 0.2U of Taqg DNA polymerase
(Promega, USA). The reactions were operated in an automated thermal cycler
GeneAmp PCR system model 2400 (Perkin Elmer Cetus, USA). PCR was performed
for one cycle at 94 °C for 2 min, followed by 30 cycles at 94 °C for 30 sec, 50 °C for
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30 sec at and 72 °C for 1 min. Finally the reaction was performed at 72 °C for 10 min.

A 10 pl of the PCR products was analyzed on 0.8% (w/v) agarose gel electrophoresis.

4.18 Expression of recombinant BK44 in P. pastoris

A single colony of P. pastoris KM71 recombinant was inoculated into 2 ml of
YEPD and incubated at 30 °C with vigorous shaking at 250 rpm for 48 h. The cell
culture was then transferred to 5 ml of fresh BMGY medium and grown under the
same condition described above until the culture reached an ODggy of 5-6. For
induction step, the cell pellet was harvested by centrifugation at 4,000 xg for 5 min at
room temperature. The supernatant was discarded and the cell pellet was resuspended
in BMMY using 1/5 the volume of original culture (1 ml). The cell suspension was
transferred in a 20 ml glass tube. Absolute methanol was added every 24 h to give a
final concentration of 3% (v/v) to maintain induction. After methanol induction, the
supernatant was collected at 0, 24, 48, 72, 96 h. The collected cells were centrifuged
at 14,000 xg for 3 min at room temperature. The supernatant was transferred to a new
tube. The secreted protein was analyzed by SDS-PAGE and the pullulanase activity

was investigated.

4.19 Cell lysis of P. pastoris

To investigate the presence of any intracellular proteins in P. pastoris cell pellet,
yeast cell pellet was thawed on ice. For each 1 ml of sample, 100 pl of Breaking
Buffer (50 mM sodium phosphate, pH 7.4, 1 mM PMSF, 1 mM EDTA and 5% (w/v)
glycerol) was added followed by the acid-washed glass beads (0.5 mm) to lyse the
cells. The mixture was vortexed for 30 sec, then incubated on ice for 30 sec. This step
was repeated for 7 more times. The sample was centrifuged at 12,000 xg for 5-10 min
at 4 °C. The supernatant was transferred to a new microcentrifuge tube and analyzed

by using SDS-PAGE.

4.20 Total RNA isolation of P. pastoris by TRI REAGENT®
The cell pellet of P. pastoris was mixed with 1 ml of TRI REAGENT® by
pipetting for several times and incubated for 5 min at room temperature. Then, 200 pl

of chloroform was added. The mixture was mixed vigorously by vortexing followed
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by standing for 2-15 min at room temperature. The solution was centrifuged at 12,000
xg for 15 min at 4 °C. The colorless upper aqueous phase was transferred to a new 1.5
ml microcentrifuge tube. Total RNA in the solution was precipitated by mixing with
0.5 ml of isopropanol and stored at room temperature for 5-10 min. The solution was
subsequently centrifuged at 12,000 xg for 8 min at 4 °C. The RNA pellet was washed
by adding 75% (v/v) ethanol followed by centrifugation at 7,500 g for 5 min at 4 °C.
After removal of the supernatant, the RNA pellet was briefly air dried and
resuspended in RNase-free (DEPC-treated water) sterile distilled water. The RNA
solution was completely dissolved by incubation at 55-60 °C for 10-15 min. The
dissolved RNA was stored at -80 °C until used.

The concentration of extracted RNA was examined by measuring the absorbance
at 260 nm (Aze0). The total RNA concentration could be calculated by the following
equation.

RNA concentration (pug/ml) = 40 x Ayeo X dilution factor
The Ajs0/Azgo ratio was applied to determine the RNA purity. The RNA sample

with the ratio of about 1.8-2.0 was used in the next process.

4.21 Removal of DNA contamination for total RNA

The contamination of DNA in total extracted RNA was avoided by DNase
digestion. The reaction consisted of total extracted RNA, 3 units of RNase-free DNase
I (Fermentas), 1X DNase I reaction buffer with MgCl,, and DEPC-treated water. The
mixture was incubated at 37 °C for 1 h. To stop the reaction, 1 pl of 25 mM EDTA

was added and the mixture was incubated at 65 °C for 10 min.

4.22 First-strand cDNA synthesis

The cDNAs were synthesized in a mixture containing 1 pug of total RNA with
2uM of random hexamer primer and RNase-free sterile distilled water. The primer
was allowed to anneal with mRNA at 70 °C for 5 min and the solution was quickly
cooled down on ice. The following components: 1X ImProm-II™ reaction buffer, 1.0
mM dNTPs, 2 mM MgCl,, 1ul of ImProm-II™ Reverse transcriptase, and RNase-free
sterile distilled water, were added into the mixture. The solution was gently mixed

before the cDNA synthesis was processed at 25 °C for 5 min, 42 °C for 60 min, and
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70 °C for 15 min. Four microlitres of synthesized cDNA were used for PCR

amplification.

4.23 Amplification of pullulanase BK44 gene from recombinant P. pastoris

To detect transcriptional level of pullulanase BK44 gene, the PCR reaction was
performed in a 50 pl reaction that contained 10 uM of FLBK44 F and FLBK44 R
primers, 1X DyNAzyme buffer, 10 mM each of dNTPs, 1.5 mM MgCl,, cDNA of
BK44 and 1U of DyNAzyme EXT DNA polymerase (Finnzyme, Finland).
Amplification was performed as followed: one cycle at 94 °C, 35 cycles with 30 sec at
94 °C, 30 sec at 52 °C and 1 min at 72 °C, followed by extension for 10 min at 72 °C.

The PCR product was analyzed on 0.8% agarose gel electrophoresis.

4.24 Construction of recombinant BK44 in Escherichia coli expression vector

4.24.1 Construction of recombinant pET-32a(+) plasmid harboring BK44
full length gene

Two specific primers corresponding to the 5° and 3’ ends of BK44 were
designed (Table 3). Purified genomic DNA was used as a template in PCR using
DyNazyme EXT DNA polymerase. The PCR reaction was prepared in a 50-pl
reaction, PCR amplification was performed for 35 cycles of denaturation at 94 °C for
30 sec, annealing at 42 °C for 30 sec and extension at 72 °C for 1 min. The reaction
was completed by extension at 72 °C for 10 min. The PCR product was analyzed on
0.8% agarose gel electrophoresis. The amplified DNA was double digested with Ncol
and EcoRlI, purified by QIAGEN gel extraction kit and ligated to pET-32a(+) which
had been cut with ECORI and Ncol. The ligation reactions were performed in a total
volume 20 pl consisting of 1X T4 DNA ligase buffer (50 mM Tris-HCl, 10 mM
MgCl,, 1 mM ATP, 10 mM DTT, and 25 pg/ml BSA, pH 7.5) and 2.5 units of T4
DNA ligase (Invitrogen). The reaction was incubated at 16 °C for overnight. Ligation
mixture was then purified, subcloned and sequenced as described in protocol 4.4,
4.7.3,4.10 and 4.11. Transformation was performed using E. coli strain Rosetta-gami
as an expression host. The presence of recombinant plasmid harboring BK44 full-

length gene was analyzed by ECORI and Ncol double digestions.
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4.24.2 Construction of recombinant pET-43.1a(+) plasmid harboring BK44
full length gene

Two specific primers corresponding to the 5° and 3’ ends of BK44 were
designed (Table 3). Purified genomic DNA was used as a template in PCR using
DyNAzyme EXT DNA polymerase. The PCR reaction was prepared in a 50-pl
reaction. PCR amplification was performed for 35 cycles of denaturation at 94 °C for
30 sec, annealing at 42 °C for 30 sec and extension at 72 °C for 1 min. The reaction
was completed by extension at 72 °C for 10 min. The PCR product was analyzed on
0.8% agarose gel electrophoresis. The amplified DNA was double digested with
BamHI and Kpnl, purified by QIAGEN gel extraction kit and ligated to pET-43.1a(+)
which had been cut with BamHI and Kpnl. The ligation reactions were performed in a
total volume 20 ul. Ligation mixture was then purified, subcloned and sequenced as
described in protocol 4.4, 4.7.3, 4.10 and 4.11. Transformation was performed using
E. coli strain Rosetta-gami as an expression host. The presence of recombinant
plasmid harboring BK44 full-length gene was analyzed by BamHI and Kpnl double
digestions.

4.24.3 Expression of recombinant BK44 in E. coli

A single colony of E. coli transformant harboring BK44 gene was inoculated into
3 ml of LB broth containing 50 pg/ml of ampicillin and 34 pg/ml of chloramphenical
and the bacterial culture was aerated at 37 °C for 12-16 h. 3% (v/v) of a starter culture
was added into 50 ml flask containing 1/5 volume of LB broth. The culture was
incubated at 30 °C with shaking at 250 rpm. When O.D.¢ reached 0.6, cell culture
was induced with 0.1 mM IPTG for 4 h. The culture was placed on ice for 5 min and
cells were harvested by centrifugation at 8,000 xg for 5 min at 4 °C and resuspended
in 1 ml of cold 20 mM Tris-HCI (pH8.0). The cell was centrifuged as described above
and resuspended in 750 pl of ice cold 20 mM Tris-HCI (pH 8.0). Cells were then
lysed by sonication for 1 min. The cell lysate was centrifuged to separate soluble and
pellet fractions. All fractions were analyzed by SDS-PAGE to determine the presence

of target protein.

4.25 Protein electrophoresis

4.24.1 Sample preparation
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Protein samples were mixed with 4X protein sample buffer [60 mM Tris-HCI
(pH 7.5), 2% (w/v) SDS, 10% glycerol, 0.025% (w/v) bromphenol blue, 100 mM
DTT] at the ratio of 3:1, and boiled for 5 min. The heated samples were kept on ice
and centrifuged at 13,000 xg for 5 min. The protein samples were loaded into 12%
SDS-polyacrylamide gel.

4.25.2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)

Stacking and separating gels for SDS-PAGE were prepared by mixing various
solution as described. The proteins were electrophorised in protein running buffer (25
mM Tris-HCI, pH 8.2, 192 mM glycine and 0.1% (w/v) SDS) using a constant
voltage of 150 volts for 60 min or until the dye front reached the bottom of the gel.
The gel was stained in staining buffer (45% (v/v) acetic acid and 0.1% (v/v)
coomassie blue R-25) for 1-2 h. The excess stain was washed in destaining buffer
(10% (v/v) methanol and 10% (v/v) acetic acid) for overnight. Destaining buffer was
removed by rinsing several times with distilled water. The gel was dried by placing
between two sheets of wet cellophane paper, which later clamped together. Air

bubbles were removed. The gel was air-dried overnight at room temperature.

4.26 Enzyme activity assay

4.26.1 Pullulanase activity assay using AZCL-pullulan

0.1% of AZCL-pullulan (Megazyme) was immersed in 96% ethanol for 1 h then
mixed with prewarm 1.2% bacteriology agar in 0.1 M phosphate buffer pH 5.8. The
mixture was poured into a sterile plate using 20 ml of mixture per plate. Once, the
agar was solidified the wells for applying sample were punctured using a sterile 5 mm
diameter tube. A volume of 20 pl of the recombinant cell supernatant was applied to
each well. The plate was incubated at 50 °C. The blue zone was developed after
overnight incubation. The pullulanase activity was determined by measuring the
length of halo from edge of the well to the edge of the blue zone in mm.

4.26.2 Cyclodextrinase activity assay using DNS method

Cyclodextrinase activity was determined by DNS method (130). Enzyme
solution was assayed in microcentrifuge tubes that contained 40 pl of 1% w/v a-, B- or

v-cyclodextrin (CD), 50 ul of 0.1M MOPS buffer, pH 7.0 and 2ul of 0.1 M CaCl, in a
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100 pl reaction. The mixture was incubated overnight at 50 °C. The enzymatic
reaction was stopped by adding 300 pl of 3, 5-dinitrosalicylic acid solution and then
boiling for 10 min. After centrifugation the mixture was transferred to a microplate
and the developed color was determined at the wavelength 540 nm using a microplate

reader (SpectraMax 190; Molecular Devices Corporation).
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Table 4. Components of SDS-PAGE for protein determination

Preparation of 5% of stacking SDS-PAGE

Solution Volume (ml)
30% Acrylamidea 0.83
H20 3.4
IM Tris-HCI pH 6.8 0.63
10% SDS 0.05
10% APS 0.05
TEMED 0.01
Total volume 4.97

Preparation of 8% s

eparating SDS-PAGE

Solution

Volume (ml)

30% Acrylamidea 4.6
H20 2.7
1.5 M Tris-HCI pH 8.8 2.5
10% SDS 0.1
10% APS 0.1
TEMED 0.012
Total volume 10.012

Preparation of 12% separating SDS-PAGE

Solution Volume (ml)
30% Acrylamidea 4

H20 33

1.5 M Tris-HCI pH 8.8 2.5
10% SDS 0.1

10% APS 0.1
TEMED 0.007
Total volume 10.007

Acrylamide:N,N’-methylene-bis-acrylamide 29:1 (w/w)

APS

TEMED =

= ammonium persulphate

N,N,N’,N’-tetramethyl-ethylenediamine

Methods / 50
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CHAPTER V
RESULTS

5.1 Direct extraction and purification of genomic DNA from the sediment of Bor

Khlueng hot spring

Genomic DNA from the sediment of Bor Khlueng hot spring was extracted using
SDS based DNA extraction method (128). The yield of crude extracted DNA was
11.24 pug of DNA per gram of soil. According to Zhou et al (128), 2.5 to 26.9 ug of
DNA per gram of soil could be obtained from this method, depending on the sources
of the soil. The size of genomic DNA was larger than 23 Kb (Figure 14), which was in
agreement with those from previous studies (122, 128). To avoid contamination from
humic substances that might interfere in some downstream reactions such as PCR
(131, 132) and restriction enzyme digestion (133), DNA purification was performed
using QIAGEN gel extraction kit. PCR was then performed with the purified DNA
using universal primers specific to bacterial 16S rDNA. This was to investigate if the
quality of DNA is sufficiently free of humic acid for downstream experiments. The
result showed that a PCR product of 1.5 kb was obtained which was the expected size
of bacterial 16S rDNA (Figure 15). This suggested that DNA was of high quality for

further experiments.

5.2 PCR amplification using xylanase degenerate primers

To directly obtain partial xylanase gene from unculturable microorganisms,
degenerate primers (XylF23 and XYNFR primers) were designed based on the
conserved amino acid sequences of glycosyl hydrolase family 10 xylanase. PCR
product of 167 bp was obtained (Figure 16) and purified using QIAquick gel
extraction kit (QIAGEN). The purified fragment was then ligated to pGEM-T Easy
vector and transformed into E. coli DHS5a. The transformants were selected on LB
medium supplemented with ampicillin and recombinant plasmids were extracted.

Restriction enzyme analysis with ECORI digestion was performed and the result
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bp

23 kb

Figure 14. Genomic DNA extraction using SDS based DNA extraction method
(128)
Genomic DNA from the sediment of Bor Khlueng hot spring was analyzed
on 0.8% agarose gel electophoresis and the gel was stained with ethidium bromide.
Lane 1 : Lamda DNA/HindIII marker
Lane 2 : Crude extracted DNA
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1.5 kb

Figure 15. Determination of purified DNA
Crude extracted DNA was purified and PCR was performed using bacterial
16S rDNA primers and analyzed on 1.2% agarose gel electrophoresis and the gel was
stained with ethidium bromide.
Lane 1 : 100 bp ladder with 1.5 kb plus
Lane 2 : Negative control for PCR amplification (without template)

Lane 3 : The amplified PCR product of 16S rDNA
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bp

1,500

200 ~ 167 bp

100

Figure 16. PCR amplification of partial xylanase gene
PCR amplification of partial fragment using XylF23 and XYNFR primers.

The size of expected PCR product of approximately 167 bp. PCR products were
analyzed on 1.5% agarose gel electrophoresis stained with ethidium bromide.

Lane 1 : Negative control (without template)

Lane 2 : 16S rDNA

Lane 3 : 100 bp ladder with 1.5 kb plus

Lane 4 : The amplified PCR product of XylF23+XyIR20 primers

Lane 5 : The amplified PCR product of XylF23+XYNFR primers



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet. Eng.) / 55

showed that each clone harbored various sizes of DNA inserts (Figure 17). The
randomly selected recombinants were submitted for DNA sequencing. From DNA
sequencing analysis, 3 different partial sequences encoding xylanases were found.
These recombinant plasmids contained 149, 152 and 167 nucleotides which exhibited
53% identities to Streptomyces halstedii beta-1,4-endoxylanase (XysA) gene (Figure
18), 50% identities to xylanase from Acidobacterium capsulatum DNA (Figure 19)
and 65% identities to Thermobacillus xylanilyticus xynA (Figure 20). Accordingly, the
longest 167 bp partial xylanase sequence was used for genome walking approach

(Clontech) to obtain the full-length sequence of this xylanase gene (Figure 21).

5.3 Amplification of the 3’ and 5’ ends of partial xylanase gene using genome
walking

To obtain the full-length xylanase gene, a set of gene specific primers was
designed (Table 3) to retrieve the 3 and 5° ends of xylanase gene directly from the
environmental DNA using genome walking PCR (Clontech). To retrieve the 3’-end of
xylanase gene, PCR amplification was performed with two rounds of PCR
amplification to increase specificity. In the second PCR, the amplified products of
approximately 350 and 500 bp were obtained (Figure 22). The fragments were purified
and cloned into pGEM-T Easy vector. Restriction enzyme digestion was performed to
verify the DNA insert and recombinant clones were subjected to DNA sequencing.
DNA sequence analysis revealed that the obtained 350 bp PCR product showed no
sequence similarity to family 10 xylanase gene. However, the obtained PCR product
of approximately 500 bp revealed the length of 3° end sequence of 460 nucleotides,
encoding 153 amino acids (Figure 23). Nucleotide sequence analysis showed that this
sequence exhibited 56% identity to endo-1,4-beta xylanase A precursor (Xylanase A)
of Bacteroides ovatus (Figure 24). Therefore, the downstream region was successfully
obtained. To retrieve the 5 end of xylanase gene, the obtained upstream sequence was
analyzed. However, no DNA sequence corresponding to any bacterial xylanases in the

database was obtained.
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Figure 17. Restriction enzyme analysis with ECORI digestion
Recombinant clones were digested with ECORI restriction enzyme. The
digested products were analyzed by 1.2% agarose gel electrophoresis.
Lane 1 : pPGEM-T Easy vector
Lanes 2-7, 9-13 : Recombinant clones with ECORI digestion
Lane 8 : 100 bp ladder with 1.5 kb plus
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Figure 18. Alignment of the deduced amino acid sequences of partial xylanase
containing 149 bp from the sediment of Bor Khlueng hot spring

The deduced amino acid sequence of partial xylanase was aligned by
Clustal X with other bacterial xylanase genes. These sequences were xylanases from
Streptomyces halstedii (AAC45554), S. thermocyaneoviolaceus (AAF04600), S.
coelicolor (CAB61191) and Dictyoglomus thermophilum (Q12603).
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Figure 19. Alignment of the deduced amino acid sequences of partial xylanase
containing 152 bp from the sediment of Bor Khlueng hot spring

The deduced amino acid sequence of partial xylanase was aligned by
Clustal X with other bacterial xylanase genes. These sequences were xylanases from
Acidobacterium capsulatum (BAB40957), Penicillium chrysogenum (AAS93681),
Aspergillus kawachii (BAA03575) and Magnaporthe grisea (AAC41684).
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Figure 20. Alignment of the deduced amino acid sequences of partial xylanase
containing 167 bp from the sediment of Bor Khlueng hot spring

The deduced amino acid sequence of partial xylanase was aligned by
Clustal X with other bacterial xylanase genes. These sequences were xylanases from
Thermobacillus  xylanilyticus  (CAA76420), Caldocellum  sacchrolyticum
(ZP_00884870), Aeromonas punctata (BAA31551) and Microbulbifer degradans
(ZP_00315347)

XYL2GW_UP2
1 CGA GGG CAT ACC TTG GTG TGG CAT TCC CAG ACA CCG GCT TGG GTA 45
1 R 46 Hy W ISR\ S\ O] By A WV 15

4—
46 TTT CAA GAC GAT GCC GGA AAT CCT GTG GAT CGG GAA ACG TTG CTC 90

16 2 \Y] 7 G N P Y E T L /L 30
XYL2GW_DW1
XYL2GW_UP1

91  AAC CGG ATG CGG GAA CAC ATT TTT AGT GTG GTG GGG CGG TAC AAG 135

31 N R M R E H I F S V V 6 R Y K 45
XYL2GW_DW2

136 GGA AGG GTA CAT GGG TGG GAC GTG GTA AAC TA 167
46 G R Vv H G wW D V V N 55

Figure 21. Nucleotide and deduced amino acid sequences of partial xylanase from
the sediment of Bor Khlueng hot spring

DNA sequencing result revealed 167 nucleotides of the partial xylanase
gene. A set of gene specific primers for 5’ end (XYL2GW_UP1 and XYL2GW_UP2
primers) and 3’ end (XYL2GW_DWI1 and XYL2GW_DW?2 primers) were designed

and indicated by arrows.
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Figure 22. PCR amplification of xylanase downstream walking
PCR amplification of downstream region using a set of gene specific
primers (XYL2GW_DW1 and XYL2GW_DW?2 primers). PCR product was analyzed
on 1.2% agarose gel electrophoresis and stained with ethidium bromide.
Lanel: negative control
Lane2: PCR product obtained from upstream genome walking
Lane3: 100 bp ladder with 1.5 kb plus

Lane4: PCR product obtained from downstream genome walking
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XYL2GW_DW1
2 ATG CGG GAA CAC ATT TTT AGT GTG GTG GGG CGG TAC AAG GGA AGG 46
1 M R E H | F S VvV V G R Y K G R 15
XYL2GW_DW2

»

47 GTA CAT GGG TGG GAT GTG GTC AAT GAG GCC ATT GAT GAT GAC GGC 91
16 V. H G w D V V N E A | D D D G 30

92 AAA ATG CGG AAG AGC AAA TGG CTT AAA ATC ATT GGC GAA GAC TAC 136
31 K M R K™ .S K W L K 1 1 G E D Y 45

137 GTG GAG AAA GCC TTT GAA TAT GCG CAT GCA GCG GAC CCT AAT GCA 181
46 V EFHM mA YW E =Y Anauliis=l — A D P RNy A 60

182 GAA TTG TAC TAC AAC GAT TAT TCC TTG TAC CAC CCT GAA AAA CGG 226
61 E L ‘Y ¥ 5/ 480 D Y L Y H P E K R 75

S

227 GGA GGA GTA ATC CAA TTG GTG AAA AAG CTT CAG TCC AAA GGG ATT 271

76 G 6 V I Q L V K K L Q S K G 1 9
CAG

272  CGG ATC GAT GGC ATT GGC GAA
91 R | D G | G E

GGA CAC TGG GGC ATG GAT TAT 316
G H W G M D Y 105

Q
317 CCT GAA AAA ATC GAA GAT CTG GAA CAA AGC ATT ATT GCT TTT TCA 361
106 P B K | E D L E 0@ JS 1 1 A F S 120

362 GAA CTG GGG GTC AAG GTC ATG ATC ACA GAA TTA GAC GTG AGC GTG 406
121 E L G V K V M | IVAVE NSy S V 135

407 CTC CCG TTT CCT GAC GAA AAA AAG GGG GCA GAT GTG GGC TTG AAG 451
136 L &R Fy Y% DA ( <S\F\ TR \C\' S A\ BDEER Y G L K 150

452  TTT GAA TTT ACC AGC CCG GGC CGT CGA CCA CGC GTG CCC TAT AGT 496
151 FRO\EF #E adaptor 165

497  GAG TCG TAT TAA 508

Figure 23. Nucleotide and deduced amino acid sequences of the 3’ end of the
xylanase gene

The 3’ end of the xylanase gene was obtained from unculturable
microorganism using genome walking method (Clontech). DNA sequencing revealed
460 nucleotides that encode 153 amino acids. The positions of primers were indicated

by arrows.
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Figure 24. Amino acid alignment of Bor Khlueng hot spring xylanase gene
(3’end) against other bacterial xylanase genes

The xylanase sequences used were from Bacteroides ovatus (AAB08023),
Microbulbifer degradans (ZP_00315347), Bacillus stearothermophilus (D28121) and
Prevotella bryantii (CAA89207). Shading of alignment represents the degree of
conservation. The black shading shows the most conserved region among all

sequences compared.
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To solve this problem a new set of gene specific primers were designed and
various libraries using different enzymes digestion in genome walking PCR were
constructed. However, amplification of the upstream region of approximately 300 bp
was unsuccessful.

As the stop codon was not present in the sequence and the upstream region still
could not be retrieved, semi-random two-step PCR (ST-PCR) method was performed
in both upstream and downstream region. In the 3° end of xylanase gene, additional
gene specific primers were designed for another attempt to obtain the complete
downstream region of the xylanase. The result showed that PCR product of 700 bp
was obtained using this ST-PCR approach (Figure 25). The fragment was purified and
cloned into pGEM-T Easy vector. Plasmid extraction and restriction enzyme analysis
were performed. The recombinant plasmids harboring target DNA inserts were
submitted to DNA sequencing and the result revealed that the obtained sequence of
728 bp included the putative stop codon of the gene (Figure 26). Alignment of amino
acid sequences obtained from genome walking with those from other bacterial
xylanases suggested that this gene belonged to family 10 xylanase (Figure 27). From
these results, it can be concluded that the complete downstream region of directly
isolated xylanase was successfully obtained. However, the amplification of 5’ end of

xylanase gene using ST-PCR did not obtain any PCR product (Figure 25).
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bp

700 ~ 700 bp

Figure 25. PCR amplification of downstream walking using ST-PCR approach
PCR amplification was performed to obtain the complete downstream
region of the xylanase gene. PCR products were analyzed on 1.5% agarose gel
electrophoresis stained with ethidium bromide.
Lane 1 : 100 bp ladder with 1.5 kb plus
Lane 2 : PCR amplification from downstream walking

Lane 3 : PCR amplification from upstream walking
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Figure 26. Nucleotide and deduced amino acid sequences

xylanase gene obtained from ST-PCR
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of the 3’ end of the

The figure showed the 3 end of the xylanase gene from unculturable

microorganism using ST-PCR method. DNA sequencing revealed 723 nucleotides that

encoded 97 amino acids. Star represents a stop codon. The position of primer was also

shown.
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Figure 27. Amino acid sequence alignment of Bor Khlueng hot spring xylanase
gene (3’end) against other bacterial xylanase genes

The xylanases used for the alignment were from Bacteroides ovatus
(AAB08023), Microbulbifer degradans (ZP_00315347), Bacillus stearothermophilus
(D28121) and Prevotella bryantii (CAA89207). Shading of alignment represents the
degree of conservation. The black shading shows the most conserved region among all

sequences compared.
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5.4 PCR amplification using a-amylase family degenerate primers

To directly obtain a partial pullulanase gene from environmental DNA,
degenerate primers (amyl and amyIV primers) were designed based on the conserved
amino acid sequences of a-amylase family (family 13 glycosyl hydrolase). The size of
the expected PCR product of approximately 560 bp was obtained (Figure 28). These
PCR products were purified from agarose using QIAquick gel extraction kit
(QIAGEN). The purified fragment was ligated to pGEM-T Easy vector and
transformed into E. coli DHSa. The transformants were selected on LB medium
supplemented with ampicillin followed by plasmid extraction and restriction enzyme
analysis. The chosen recombinant plasmids were subjected to DNA sequencing.
BLAST analysis revealed that, one clone, BK44, exhibited 54% amino acid sequence
identity to glycosyl hydrolase family 13 of Deinococcus radiodurans and 51% identity
to Geobacillus kaustophilus alpha-cyclodextrinase (Figure 29). Therefore, this BK44
partial sequence was used for obtaining the full-length gene by genome walking

approach.

5.5 Amplification of the 5’ and 3’ ends of BK44 using genome walking method

To obtain the full length gene of BK44, a set of gene specific primers was
designed to retrieve the 5* and 3’ ends of BK44 directly from the environmental DNA
(Figure 30). To retrieve the 5’-end of BK44, PCR amplification was performed using
genome walking method with two rounds of PCR amplifications to increase
specificity. In the secondary PCR, the amplified product of approximately 1.2 kb was
obtained (Figure 31). This fragment was purified and subcloned into pGEM-T Easy
vector. Restriction enzyme analysis was performed to verify the size of DNA inserts
and four recombinant clones were subjected to DNA sequencing. From DNA sequence
analysis, the length of 5’ end region obtained from genome walking was 1,114 bp.
This region included a putative Shine-Dalgarno sequence (AAGG) and the putative
start codon of the target gene (Figure 32). The obtained DNA sequence exhibited 54%
amino acid identity to maltogenic amylase of Thermus sp., and alpha-cyclodextrinase
of Geobacillus kaustophilus and 53% amino acid sequence identity to (neo)pullulanase
of Thermus thermophilus. Thus, this suggested that the BK44 might encode an enzyme

belonging to neopullulanase subfamily.
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Figure 28. PCR amplification of the partial BK44 gene
PCR amplification of partial fragment using amyl and amyIV primers. PCR
products were analyzed on 1% agarose gel electrophoresis and stained with ethidium
bromide.
Lane 1 : 100 bp ladder with 1.5 kb plus
Lane 2 : The amplified PCR product of partial BK44 DNA fragment
Lane 3 : Negative control of PCR amplification (without template)
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Figure 29. Alignment of the deduced amino acid sequence of BK44 against
bacterial a-amylase family

The deduced amino acid sequence of BK44 was aligned by Clustal X with
other bacterial enzymes in a-amylase family: Deinococcus radiodurans glycosyl
hydrolase family 13 (AAF10708), Thermus thermophilus HB27 putative pullulanase
(YP_005167), Nostoc sp. neopullulanase (BA000019), Bacillus flavocaldarius
pullulanase ~ (AB008764),  Geobacillus  kaustophilus alpha-cyclodextrinase
(BA000043). Shading of the alignment represents the degree of conservation. The

black shading shows the most conserved region among all sequences compared.
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1 TTA GAC GGG GTG TTT AAT CAT TGC GGG CGA GGG TTT TAC CAG TTC 45
1 L b G V F N H cC G R G F Y Q F 15
46 CAC GAC GTG TGC GAA AAT GGA CGC TAC TCG CCT TAC GTA GAG TGG 90
16 H D v C E N G R Y S P Y VvV E W 30
BK44_UP2
91 TTC CAC GTC AGG CGG TTC CCC CTC TAT CCT TAC GAT GGC AAG AAG 135
31 F H V R R P L V™R e D G K K 45
4—
136  AAA GCG AAT TAC AAG GCA TGG TGG GGC ATC CGC TCC TTG CCA AAG 180
46 K A N Yy K A W W G I R S L% P K 60
BK44_UP1
181  TTC AAC ACA GAC AAC CCG GAG GTA CGG AAG TTC CTG CTG AGC GTG 225
61 Ff N ™ gD N P E V R K F L L& Sp Y 75
226  GCA CGC TAC TGG ATT GAG CAG GGA GCG GAC GGC TGG CGA CTG GAT 270
76 A R Y W | E Q G A D G W R L D 90
271  GTG CCC AAC GAG ATC GCC GAT CCC GAT TTC TGG CGG GAG TTC CGG 315
91 v P N E | A D P D F W R EM F R 105
BK44_DWw1

316 CAG GTG GTC AAG GAG GCG AAC CCG GAA GCC TAC CTC GTG GGC GAZ 360
106 Q v VvV K E A N R E A Y L V G E 120

—_— —

361 ATC TGG CGC AAC GGT TCT CGG TGG TTG CAG GGC GAC CAG TTC GAC 405

122 1 W RN €6 S R Wl L..Q9/6 D Q F D 135
BK44_DW2

406  GCC GTG ACG AAC TAT CTC TTA CGG GAT TTA TGT GTC GCG TTC TTT 450
136 ALV ST N YuiSm\\NS R\~ /IS vV A . F F 150

451  GCG GAA GAC ACG ATG AAC GCC GCG CAG TTC GGC AGG AAA GTC GTC 495
151 A EQYY*T T M N A A Q F G R K SN V 165

496 CGG TTG CTG CGT CTT TAC GAT CCC GAA GTA ACC CAT GCT TTA TTC 540
166 R L L R s, *Y D P H W 1L H A L F 180

541  AAT TTC TTC GGC AGC CAC GAT 561
181 N F F G S H D 187

Figure 30. Nucleotide and deduced amino acid sequences of BK44 from the
sediments of Bor Khlueng hot spring

DNA sequencing revealed 561 nucleotides of the partial BK44 gene. A set
of gene specific primers for 5’ end (BK44 UP1 and BK44 UP2 primers) and 3’ end
(BK44 DWI1 and BK44 DW?2 primers) were designed and indicated by arrows.
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Figure 31. PCR amplification to obtain the upstream region of BK44 by genome
walking
PCR amplification was performed using a set of gene specific primers

(BK44 UPI1 and BK44 UP2 primers) to obtain the upstream region. PCR product was
analyzed on 1% gel electrophoresis and stained with ethidium bromide.

Lane 1 : 100 bp ladder with 1.5 kb plus

Lane 2 : Negative control for PCR amplification (without template)

Lane 3 : The amplified PCR product from upstream walking
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2 TGG ATT CAA CTC ACC GAG CGA ATC TTC AGG AGG CTG GTC AAC CAA 46
47 ATC CAT GCA GAC AAG GTG ATA AAT ATG CCC TAG TTG TTC ATT AAG 91
SD

92 GCT AAA ATG AAT AGT ACT ATG AAC GAA AGG ATA GCC GCT TTC ACG 136
31 M N S T M N E R | A A F T 45

137 ACG CCC GAT TGG GTA AAA AAC GCA ATC TTT TAT CAG ATT TTC CCG 181
46 T P D W VvV K N A | e — ) | F P 60

182 GAA AGG TTT GCC AAC GGT GAT CCA AGC AAT GAC CCA CCG AAT GTG 226
61 E R Fg” Aga N G D P S N D P P N \Y 75

227 CAA CCG TGG GGC ACG CCG CCA ACA CCC CAT CAT TTC ATG GGC GGC 271
76 Q A P W 6 T JEEECEERTSECE H o F M. G\ 6 90

272  GAC CTG CAG GGG ATT ATC GCC CAC CTG GAC TAC CTG CAA GAC CTG 316
91 D L Q S 4G | | A H L D VL] D L 105

317 GGT GTT ACC GCG CTC TAC CTT AAT CCC ATC TTC CAG GCG ACC TCG 361
106 G v T A L Y L N P | F Q A T S 120

362 AAC CAC AAA TAC AAT ACT TAC GAT TAC TTC AAG ATT GAC CCG CAC 406
121 N H O A NI Y _—D—Y_ " YR 1 b P H 135

407  TTC GGC ACG CTG GAA ACC ATT CAC ACA TTG GTG CGA GGG TTG CAC 451
136 F G T L E T | LY@ VOROG L H 150

452  CGG CGG GGC ATG AGG CTG ATT TTG GAT GGG GTG TTC AAT CAT TGC 496
151 R R G M R L | NG ) Vo F 4 H C 165

497 GGG CGA GGG TTT TAC CAG TTC CAC GAC GTG TGC GAA AAT GGA CGC 541
166 G R G F Y Q F H U /& C E N G R 180

<—
542  TAC TCG CCT TAC GTA GAG TGG TTC CAC GTC AGG CGG TTC CCC CTC 586
181 Y P 7Y o Vi =E St e e R F P L 195
BK44_UP2

587 TAT CCT TAC GAT GGC 601
196 Y P Y Dy, G 200

Figure 32. Nucleotide and deduced amino acid sequences of 5’ end of BK44

5’ end of BK44 was obtained from environmental DNA using genome
walking. DNA sequencing revealed 504 nucleotides that encode 168 amino acids
including a putative start codon. Positions of primers were indicated by arrows. The

putative Shine-Dalgarno sequence (SD) is underlined.
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To obtain the 3’ end of BK44, genome walking was performed as described
above. The PCR product of approximately 1 kb was obtained (Figure 33). This
fragment was purified and cloned into pGEM-T Easy vector. Restriction enzyme
digestion was performed to verify the size of DNA inserts. Five recombinant plasmids
harboring 3’ end region of BK44 were subjected to DNA sequencing. The result
revealed 920 nucleotides of downstream region obtained from genome walking. The
deduced of amino acid sequences included a putative stop codon (Figure 34). BLAST
analysis showed similarity of this sequence with those belonging to family 13 glycosyl

hydrolase.

5.6 Amplification of the full-length BK 44 gene

After the 5° and 3 ends of BK44 sequence were identified. FLBK44 F and
FLBK44 R primers were used for PCR to obtain the full-length gene of BK44. The
PCR product of approximately 1,500 bp was obtained (Figure 35). This fragment was
purified and cloned into pGEM-T Easy vector. DNA sequencing was performed and
the result revealed that the full-length gene of BK44 contained 1,458 bp encoding 485
amino acid sequences with a calculated mass of 55 kDa (Figure 36) and did not
contain a signal peptide. Analysis of the sequence revealed that the full length BK44
exhibited 54% amino acid sequence identity to Thermus sp. maltogenic amylase, 54%
identity to Bacillus stearothermophilus alpha-cyclodextrinase and 52% Bacillus
stearothermophilus neopullulanase (Figure 37).

The four highly conserved regions related to catalytic and substrate binding
site among the a-amylase family could be identified in the full-length BK44 sequences
as regions [-1V (Figure 37). The 3D structure of BK44 was preliminary predicted from
the deduced amino acid sequences using SWISS-MODEL program. The result showed
that the monomeric 3D structure of BK44 contained the common feature of a-amylase
family in domain A or (B/a)g barrel structure, domain B and domain C (Figure 38B).
In addition, three conserved catalytic residues, Asp 215, Glu 245 and Asp 312 like
other a-amylase family enzymes were shown in Figure 36 and 38B. However, when
compared to the structure of neopullulanase from Thermoactinomyces vulgaris R-47
(TVA 1I) (106), BK44 lacked the additional N-domain which is commonly found

among enzymes in the neopullulanase subfamily.
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Figure 33. PCR amplification to obtain downstream region of BK44 by genome
walking
PCR amplification of downstream region using a set of gene specific
primers (BK44 DWI1 and BK44 DW?2). PCR product was analyzed on 1% agarose
gel electrophoresis stained with ethidium bromide.
Lane 1 : 100 bp ladder with 1.5 kb plus.
Lane 2 : The amplified PCR product from downstream walking

Lane 3 : Negative control for PCR amplification (without template)
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Figure 34. Nucleotide and deduced amino acid sequences of the 3’ end of BK44

3’ end of BK44 was obtained from environmental DNA using genome

walking method. DNA sequencing revealed 681 nucleotides that encoded 227 amino

acids. Star represents a stop codon at the 228" position. Arrow indicates position of

primer.
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bp

1,500 1,458 bp

Figure 35. PCR amplification of the full length BK44
The PCR product of BK44 using FLBK44 F and FLBK44 R primers to
obtain the full-length gene and analyzed on 1% agarose gel electrophoresis with
stained ethidium bromide.
Lane 1 : 100 bp ladder with 1.5 kb plus
Lane 2 : The amplified PCR product of full length BK44
Lane 3 : Negative control of PCR amplification (without template)



Viriya Nitteranon

46
16

91
31

136
46

181
61

226

271

91

316
106

361
121

406
136

451
151

496
166

541
181

586
196

631
211

676
226

721
241

766
256

811
271

FLBK44 F

ATG

GAT

TTC

TGG

CAG

ACC

GGG

CCT

AAT AGT ACT ATG AAC
N S T M N

TGG GTA AAA AAC GCA
w Vv K N A

GCC AAC GGT GAT CCA
A N G D P

GGC ACG CCG CCA ACA
G T P P T

GGG ATT ATC GCC CAC
G | 1 A H

GCG CTC TAC CTT AAT
L & S L N

TAC AAT ACT TAC GAT
Y N T Y D

CTG GAA ACC TTT CAC
L EN

ATG AGG CTG ATT TTG
M R L | L

TTT TAC CAG TTC CAC
F Y Q F H

TAC GTA GAG TGG TTC
Yy VvV E W F

A

TAC

CGC

TTC

GGC

TGG

GAT GGC AAG AAG AAA
B, % G K k4 ™=K

GAA AGG ATA GCC
E R | A

ATC TTT TAT CAG
1 F Y 0

AGC AAT GAC CCA
S N D B

CCC CAT CAT TTC
P H H F

CTG GAC TAC CTG
L D Y L

CCC ATC TTC CAG
P I F Q

TAC TTC AAG ATT
Y E K 1

ACA TTG GTG CGA
Thaddasg R

GAT GGG GTG TTC
D G i V' B

GAC GTG TGC GAA
Dy V G QE

CAC GTC AGG CGG
H V R R

GCG AAT TAC
A N Y K

BK44 UP1

&

oer
ATT
CCG
ATG
CAA
GCG
GAC
GAG
AAT

AAT

ACG
T

CCG
P

GTG
\Y

GGC
G

CTG
L

TCG
S

CAC
H

CAC
H

TGC
C

CGC
R

ACG CCC
T P

GAA AGG
E R

CAA CCG
Q P

GAC CTG
D L

GGT GTT
Ch, W

AAC CAC
N H

TTC GGC
F G

CGG CGG
R R

GGG CGA
G R

TAC TCG
Y S

BK44 UP2

TTC

GCA

TCC TTG CCA AAG TTC

AAC ACA GAC

S[L P Ko

N]T D N

CTG CTG AGC GTG GCA
L L S V A

TGG CGA CTG GAT GTG

W R L D V
[ )

CGG GAG TTC CGG CAG

R E F R Q

BK44 DW1

CGC TAC TGG ATT
R Y W |

CCC AAC GAG ATC
P N E |

GTG GTC AAG GAG
v V K E

TAC

GGC

TGT
C

CTC GTG GGC GAA ATC
L Vv G E |

TGG CGC AAC GGT
W R N G

BK44 DW 2

CCG

GAG

GCC

GCG

TCT

GAC CAG TTC GAC GCC
D Q F D A

GTC GCG TTC TTT GCG
v A F F A

GTG ACG AAC TAT
v T N Y

GAA GAC ACG ATG
E D T M

CTC

AAC
N

CTC
L

TGG

W

GTA

GGA

CCC

CCG

TGG

CGG

GCG
A

TAT CCT
Y P

GGC ATC
G 1

CGG AAG
R K

GCG GAC
A D

GAT TTC
D F

—
GAA GCC
E A

TTG CAG
L Q

GAT TTA
D L

CAG TTC
Q F

Results / 76

45
15

90
30

135
45

180
60

225
75

270
315
105

360
120

405
135

450
150

495
165

540
180

585
195

630
210

675
225

720
240

765
255

810
270

855
285



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet. Eng.) / 77

856 GGC AGG AAA GTC GTC CGG TTG CTG CGT CTT TAC GAT CCC GAA GTA 900
286 G R K Vv V R L L R L Y D P E V 300

901 ACC CAT GCT TTA TTC AAC CTG TTG GGA AGC CAC GAT ACT GCC CGC 945
301 T H A L F N L L G S H b T A R 315

946  TTC CTG ACC GTT GCT GGG GAT GAG GTG GAA CGG GTC AAA CTC GCC 990
316 F L T VvV A G D E V E R V K L A 330

991 TTC ACC TTC CTG ATG ACC TAT CCG GGC GCT CCC TGC CTT TAC TAC 1035
331 F T F aslle T Y Pof G FA, <P ™G L Y Y 345

1036 GGC GAT GAG ATT GGC ATG AAG GGC GCG AAG GAC CCC CAC AAC CGC 1080
346 G D E I G M K GG A K D P H N R 360

1081 GCC TGC TTC CCC TGG GAC GAA GGG CAA TGG AAC AAA GAA CTG CAG 1125
361 A C F P w D E G Q W N K, E L Q 375

1126 GCA CAC GTG AAA GCC CTG ATC GCC CTG CGC AAG AAG CAC GCT GCC 1170
376 A H V K A L 1 A L R K K H A A 390

1171 CTC CGC ACC GGG GCT TAC CAA ACC CTG CTG GCT GAT GGA AAG GCA 1215
391 L R T 6 A Y Q T L L A D G K A 405

1216 AAT GTG TAC GCC TTC GCC CGC TGG GAT GCA AGC GCA ACG CTC CTG 1260
406 N VSR | (RO PEDE /- R S L L 420

1261 ATC GCT CTG AAC AAC AGC CCG GAG GCT TGG AGC GGT GTC CTC TCT 1305
421 | A L N N S B ElVAW, S 6 V L S 435

1306 CTC AAA AGC CTT TCT CAA GTT TCA GGT CTC AAG CTT CGG GTT GTT 1350
436 L Ke# S NS (@ V~0\S G L K L Rf Nay V 450

1351 TTC CCT CAA CTC GGC ACT CGA AAC CGG AAA CTC GAA ACC GGT CAA 1395
451 FR.\PE FO L G\ R N R B s NG SO 465

<—
1396 CGG ACA GGC CCA TTT GCC ATC CAA TTG GCT CCG CGA AGT GGG GTT 1440
466 R TG P F A 1 Q L A P R S G VvV 480

FLBK44 R

<
<

1441 GTT CTT CAG GTA GTG TAA 1458
481 v L Q Vv Vv *

Figure 36. Nucleotide and deduced amino acid sequences of full-length BK44
from the sediments of Bor Khlueng hot spring

The nucleotide sequence of full-length BK44 contained 1,458 bp that
encoded 486 amino acid sequences. The deduced amino acid sequence are shown in a
single letter code under the respective codon. Positions of primers are indicated by
arrows. Asp 215, Glu 245, and Asp 312 (all @) were catalytic residues of a-amylase

family. The fifth conserved region of neopullulanase subfamily is boxed.
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Figure 37. Amino acid sequence alignment of the full-length BK44
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The deduced amino acid sequence of BK44 was aligned by Clustal X with
other bacterial enzymes in a-amylase family: Thermus thermophilus (neo)pullulanase
(AP008226), Bacillus flavocaldarius pullulanase (AB008764), Thermus sp. maltogenic
amylase (AF060204), Bacillus stearothermophilus neopullulanase (AF233372), Bacillus
stearothermophilus alpha-cyclodextrinase (AB070710). Four conserved regions of a-

amylase family were also shown.
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Figure 38. 3D structure prediction of BK44

(A) Representative of a monomeric structure of neopullulanase from
Thermoactinomyces vulgaris R-47 (TVA II) (106) (B) Predicted tertiary structure of
BK44 was performed using An Automated Comparative Protein Modelling Server,

SWISS-MODEL in www.expasy.org/swissmod/SWISS-MODEL.html. Three catalytic

residues, Asp 215, Glu 245 and Asp 312, are shown as ball and models.
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5.7 Construction of a recombinant plasmid harboring BK44 for expression in P.
pastoris

To express BK44 in P. pastoris, plICBK44 F and pICBK44 R primers (Table 3)
were used to amplify the target gene. The PCR products were double digested with
Xbal and Xhol, purified and cloned into pPICZaoA which had been digested with Xhol
and Xbal. As a result, this BK44 gene was fused in-frame with a-factor secreted signal
of pPICZaA vector. Ligation mixture was transferred into E. coli for plasmid
amplification. Rapid size screening and restriction enzyme analysis were performed to
screen for the presence of recombinants clones (Figure 39). DNA sequencing analysis
revealed that the target fragment was inserted at the expected site and fused in-frame
with the a-factor secretion signal. Moreover, no mutation was observed in the
sequence of BK44 within the leader sequence including the fusion region. This

recombinant plasmid was designated as pPIC-BK44.

5.8 Integration of BK44 into P. pastoris genome

The recombinant plasmids, pPIC-BK44 was linearized with Dral and the
linearized plasmid was then electroporated into P. pastoris KM71. Transformants
were selected on YEPD supplemented with Zeocin' . Genomic DNA was extracted
from Zeocin"-resistance transformants. The integration of BK44 was confirmed by
PCR using 5 AOX and 3° AOX primers. The result showed the DNA fragment of
approximately 2 kb which was obtained from recombinant P. pastoris harboring full-
length gene. On the other hand, a band of 600 bp was observed from P. pastoris
transformants harboring only pPICZaA vector (Figure 40). These results suggested
that the linearized recombinant plasmid harboring BK44 full-length gene was

successfully integrated into the P. pastoris genome.
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Figure 39. Restriction enzyme analysis of pPIC-BK44
The recombinant plasmids were double digested with Xhol and Xbal and

the digested products were analyzed by 1% agarose gel electrophoresis. DNA
fragment of approximately 1.5 kb representing the full length gene of BK44 fragment
was observed (clones 1-3).

Lane 1 :Lamda DNA/BstEIl marker

Lane2 :pPICZaA

Lanes 3-5 : Recombinant plasmids with Xhol and Xbal restriction

enzyme digestion.

Lane 6  : 100 bp ladder with 1.5 kb plus
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Figure 40. PCR analysis of P. pastoris integrants
PCR screening for genome integration using 5’AOX and 3° AOX primers.
PCR products were analyzed on 0.8% agarose gel electrophoresis and the gel was

stained with ethidium bromide.

Lane 1 : 100 bp ladder with 1.5 kb plus

Lane 2 : Negative control for PCR amplification (without
template)

Lane 3 . The amplified product of Pichia integrant containing
pPICZaA

Lanes 4-13 : The amplified product of Pichia integrants containing
BK44 recombinant clones 1-10, respectively

Lane 14 . Lamda DNA/BStEII marker



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet. Eng.) / 83

5.9 Expression of BK44 in P. pastoris

To investigate the expression of BK44 in P. pastoris as a secreted protein, cell
cultures were grown in media and induced with methanol as described in Method
section. The secreted protein from each day was then analyzed by SDS-PAGE.
However, the target protein of approximately 55 kDa was not detected. Therefore,
more Pichia integrants (clones 2-10) were used to investigate the presence of the
secreted protein. The supernatant of each clone was collected after induction for 3
days with methanol. However, the secreted protein of 55 kDa was still not detected
from all cultures (Figure 41). Enzymatic activity was also investigated. To determine
the cyclodextrinase activity, the supernatant was incubated with a, B, y cyclodextrin
and enzyme activity was determined using DNS method. However, no cyclodextrinase
activity was detected from the fractions (data not shown).

One possibility that the protein could not be detected as a secreted protein might
be because this protein was located intracellularly. Therefore, to investigate the
presence of the intracellular protein, cell lysate of P. pastoris was prepared using acid
glass bead and the proteins were analyzed by SDS-PAGE. However, the expected
protein (55 kDa) was not observed (Figure 42).

5.10 Investigation of BK44 transcript in P. pastoris by RT-PCR

As the target protein could not be detected both extracellularly and
intracellularly, the transcripts of BK44 gene were then investigated to confirm the
presence of mRNA in P. pastoris. Total RNA was isolated from P. pastoris. The
quality and quantity of RNA were determined by spectrophotometry. An absorbance
ratio (Aze0/280) of RNA sample was in the range of 1.8-2.0 suggesting that good quality
of RNA was obtained. RT-PCR was performed and the contamination of DNA was
avoided by treating the total RNA with DNasel (Fermentas). BK44 transcripts were
amplified using FLBK44 F and FLBK44 R primers. The result showed that BK44
transcripts could be detected from culture after induction for 0,1,2,3, and 5 days. This
transcript was, however, not detected from P. pastoris containing only pPICZaA and
non-induced culture (Figure 43). This result confirmed that BK44 was expressed at

transcriptional level in P. pastoris
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Figure 41. SDS-PAGE analysis of secreted proteins from P. pastoris integrants
Cultures were grown in BMGY and induced in BMMY supplemented with
3% methanol (v/v). The culture supernatant was collected after induction for 3

days. 40 pul of supernatant was loaded into each lane and analyzed on 12% SDS-
PAGE.

Lane 1 : Protein molecular weight marker (Fermentas).
Lane 2 : P. pastoris containing pPICZaA vector after induction
for 3 days.

Lanes 3-9 : Culture supernatant from recombinant clones 2-7 and 9.

Lane 10 : Xylanase positive control.
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Figure 42. SDS-PAGE analysis of intracellular proteins from P. pastoris
harboring pPIC-BK44
P. pastoris was lysed by acid glass bead, then the supernatant was analyzed
on 12% SDS-PAGE and the gel was stained by Coomassie Blue
Lane 1  : Protein molecular weight marker (Fermentas)
Lane 2  : The cell lysis of P. pastoris containing pPICZoA
Lanes 3-5 : The cell lysis of P. pastoris integrants #1-3

Lane 6  : The cell lysis of xylanase used as a positive control
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Figure 43. RT-PCR products of the full-length BK44 from P. pastoris
Total RNA was extracted from P. pastoris. RT-PCR was performed to
detect recombinant gene expression at transcriptional level in P. pastoris using
FLBK44 F and FLBK44 R primers. The PCR product was detected by 0.8% agarose
gel electrophoresis and the gel was stained with ethidium bromide.
Lane 1  :Lamda DNA/BStEIl marker
Lane2  : Negative control for amplification (without cDNA).
Lane 3  : The amplification from cDNA of P. pastoris containing
pPICZaA.
Lane 4 : The amplification from cDNA of non-induced cell.
Lanes 5-9 : The amplification from ¢cDNA of induced cells day 0, 1, 2,
3and 5
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5.11 Expression of BK44 in E. coli

5.11.1 Construction of BK44 in bacterial expression vector (pET-32a)

Since BK44 could not be obtained using P. pastoris expression system, E. coli
expression was exploited. BK44 was amplified using pETBK44 F and pETBK44 R
primers (Table 3) and the expected DNA fragment of 1.5 kb was obtained. The full-
length gene (BK44) was then ligated to pET-32a (Novagen) which had been digested
with Ncol and EcoRI and transformed into E. coli DH5a. The recombinant plasmids
were analyzed by Ncol and ECcORI double digestions. Digested product of
approximately 1.5 kb was observed from recombinant clones that contain insert
fragment (Figure 44). These recombinant clones were subjected to DNA sequencing.
Sequence analysis indicated that BK44 was fused in-frame with Trx-Tag in pET-32a.
The recombinant plasmid was designated as pET32-BK44.

5.11.2 Expression of BK44 in E. coli using pET-32a

To express BK44 in E. coli, pET32-BK44 was transformed into E. coli strain
Rosetta-gami(DE3)pLysS to enhance the protein expression of the gene that contains
codons rarely used in E. coli (135) and transformants were selected on ampicillin and
chloramphenical containing-LB agar plates. To screen for the expressed target protein,
recombinant E. coli was grown in ampicillin and chloramphenical containing-LB
medium. After IPTG induction, crude lysate was analyzed on 12% SDS-PAGE. The
expected protein of 55 kDa was detected. Sonication was then performed to separate
the soluble and pellet fractions. The result showed the expected protein of BK44,
which was mainly present in the pellet fraction (Figure 45). To improve the solubility
of the protein, the culture was induced at lower temperature (25 °C) with 0.1 mM
IPTG for 2-4 h. However, the 55 kDa BK44 was still mostly formed as inclusion
bodies (Figure 46). Nonetheless, the enzymatic activity was also investigated.
Specifically, to determine pullulanase activity, both soluble and pellet fractions were
applied into each well of agar plate containing AZCL-pullulan and incubated at 50 °C
for 18 h. The result showed that the blue zone was developed only from the standard
pullulanase using as positive control. No blue zone was developed from any test
fractions. To determine the cyclodextrinase activity, the soluble fractions were
incubated with a, B, y cyclodextrin and enzyme activity was determined using DNS

method. However, no cyclodextrinase activity was detected (data not shown).
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bp
5,686 5.9 kb
1,929
1371 ~1.5kb

Figure 44. Restriction enzyme analysis of pET32-BK44
The recombinant plasmids were double digested with Ncol and EcoRI. The

digested products were analyzed by 1% agarose gel electrophoresis. DNA fragment of
approximately 1.5 kb representing the full length gene of BK44 fragment was
observed in recombinant clones (clones 1-4).

Lane 1  :Lamda DNA/BStEIl marker

Lane2 :pET-32a

Lanes 3-6 : Recombinant plasmids with Ncol and ECORI restriction

enzyme digestion.
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Figure 45. SDS-PAGE analysis of BK44 expression in E. coli at 30 °C
BK44 was expressed in E. coli at 30 °C with 0.1 mM IPTG induction for 4
h. The soluble and pellet fractions were analyzed on 12% SDS-PAGE and visualized

by Coomassie Blue staining.

Lane 1 : Protein molecular weight marker (Fermentas).
Lane 2 : Soluble fraction from E. coli containing only pET-32a.
Lane 3 : Pellet fraction from E. coli containing only pET-32a.

Lanes 4, 6, 8 : Soluble fractions from E. coli recombinant plasmid,
pET32-BK44
Lanes 5, 7, 9 : Pellet fractions from E. coli recombinant plasmid,

pET32-BK44
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Figure 46. SDS-PAGE analysis of BK44 in E. coli at 25 °C at 0-4 h
BK44 was expressed in E. coli at 25°C with 0.1 mM IPTG induction for 0-4
h. The soluble and pellet fractions were analyzed on 12% SDS-PAGE and visualized
by Coomassie Blue staining.
Lanes 1-4 : Soluble fractions of BK44 that collected at 0, 2, 3 and 4 h
Lane 5 : Protein molecular weight marker (Fermentas)

Lanes 6-9 : Pellet fractions of BK44 that collected at 0, 2, 3 and 4 h
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5.11.3 Expression of BK44 in E. coli using pET-43.1a

In order to obtain soluble protein, another expression vector, pET-43.1a was
used. This vector contained the NusA gene, which has been shown to increase the
solubility of several heterologous proteins (136). As a result, BK44 was amplified
using pET43.1BK44 F and pET43.1BK44 R primers (Table 3). The obtained DNA
fragment of 1.5 kb was ligated to pET43.1a which had been digested with BamHI and
Kpnl and transformed into E. coli DH5a. Restriction enzyme digestion showed that
BK44 was fused in-frame with Nus-Tag in pET-43.1a (Figure 47). E. coli
transformants harboring recombinant plasmid (pET43.1-BK44) were grown at 30 °C
and induced with IPTG for 4 h. Sonication was performed to separate soluble and
pellet fractions. The proteins were then analyzed by SDS-PAGE. The expected protein
of approximately 109 kDa was obtained in both soluble and pellet fractions (Figure
48). Next, enzymatic activity was then investigated. To determine pullulanase activity,
both soluble and pellet fractions were applied into each well of agar plate containing
AZCL-pullulan and incubated at 50 °C for 18 h. The result showed that the blue zone
was developed from only the standard pullulanase using as positive control. No blue
zone was developed from any fractions (Figure 49). To determine the cyclodextrinase
activity, the soluble fractions were incubated with a, B, y cyclodextrin and enzyme
activity was determined using DNS method. However, no cyclodextrinase activity was

detected from the fractions (data not shown).
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Figure 47. Restriction enzyme digestion analysis of pET43.1-BK44
The recombinant plasmids were double digested with BamHI and Kpnl. The
digested products were analyzed by 0.8% agarose gel electrophoresis.
Lane 1 :Lamda DNA/BStEIl marker
Lane2 :pET-43.1a digested with BamHI and Kpnl
Lanes 3-5 : Recombinant plasmids with BamHI and Kpnl restriction

enzyme digestion.
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Figure 48. SDS-PAGE analysis of BK44 soluble and pellet fractions produced
from E. coli harboring pET43.1-BK44

BK44 was expressed at 30 °C with 0.1 mM IPTG induction for 4 h. The
soluble and pellet fractions were analyzed on 8% SDS-PAGE and visualized by

Coomassie Blue staining.

Lane 1 : Protein molecular weight marker (Fermentas)
Lane 2 : Soluble fraction from E. coli containing pET-43.1a
Lane 3 : Pellet fraction from E. coli containing pET-43.1a

Lanes 4, 6, 8 : Soluble fractions from E. coli recombinant plasmid,
pET43.1-BK44
Lanes 5, 7, 9 : Pellet fractions from E. coli recombinant plasmid,

pET43.1-BK44
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Figure 49. Pullulanase activity by AZCL-pullulan

BK44 was expressed in E. coli using pET-43.1a. A 30 pl of soluble and
pellet fraction was used to assay the pullulanase activity on AZCL-pullulan plate.
Wells 1-2 : the soluble fraction of E. coli containing pET-43.1a after expression at 30
and 37 °C, respectively. Wells 3-5 : the soluble fractions of recombinant clone after
expression at 30 and 37 °C, respectively. Wells 7-9 : the pellet fractions of
recombinant clone after expression at 30 and 37 °C, respectively. Well 10 : the

standard pullulanase (Sigma, USA).
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CHAPTER VI
DISCUSSION

6.1 Molecular cloning of family 10 and family 13 glycosyl hydrolases

In order to retrieve partial gene of family 10 xylanase and family 13 glycosyl
hydrolase directly from the sediment of Bor Khlueng hot spring, degenerate primers
based on the conserved regions of both families were designed and genome walking
PCR was performed to obtain full-length genes. Genome walking PCR was
successfully used to isolate xylanases from both culturable and nonculturable microbes
such as D. thermophilum XynB (15), Caldibacillus cellulovorans XynA (111) and
noncultured XynA (112). In this work, only the downstream sequence of xylanase was
successfully obtained. One of the reasons that the upstream sequence could not be
recovered by this approach may be because the restriction sites used to generate
genomic libraries were too far from the site at which the gene specific primer was
bound. This resulted in a longer PCR product which could not be amplified. Although
xylanase gene could not be obtained, PCR-based cloning was shown to be successfully
used for isolation of the gene encoding neopullulanase. This gene, BK44, has an open
reading frame of 1,458 bp encoding 458 amino acid residues with a calculated mass of
55 kDa. The primary sequence of BK44 contained the four highly conserved regions
similar to other enzymes in the a-amylase family, including three catalytic residues,
Asp, Glu, and Asp. This enzyme exhibited 53% identity to neopullulanase subfamily:
maltogenic amylase, cyclomaltodextrinase and neopullulanase which share 40-60%
sequence identity (89) and distinct substrate specificity from other family 13 members.
Furthermore, the amino acid sequence of BK44 showed the fifth conserved region
(183-LPKFN) as described for the specific sequence of neopullulanase subfamily (137)
(Figure 36).

From the primary amino acid sequence, this novel enzyme did not contain a
signal sequence suggesting that it was an intracellular protein. This is similar to most

cyclomaltodextrinases, such as Thermus maltogenic amylase (90) and Alicyclobacillus
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acidocaldarius cyclomaltodextrinase (102). Therefore, it is proposed that this enzyme
functions in the hydrolyzation of small oligosaccharides including cyclodextrins which
can be imported into the cells (90).

3D crystal structure of a-amylase family such as Taka-amylase A (TAA) (60),
Bacillus stearothermophilus neopullulanase (134), Thermus maltogenic amylase
(ThMA) (90), Thermoacitinomyces vulgaris R-47 neopullulanase-like amylase
enzyme (TVA I and TVA II) (138) have been reported. Enzymes belonged to the
neopullulanase subfamily contain an additional N-terminal domain, located at the N-
terminus of TIM barrel within the sequences of residues 1 to 124 in Thermus
maltogenic amylase (90), 1 to 123 in B. stearothermophilus neopullulanase (134) and
1 to 123 in Bacillus sp. I-5 cyclomaltodextrinase (89), respectively. N-domain was
shown to participate in dimer formation in Thermus maltogenic amylase (90) and play
a role in the hydrolysis of cyclodextrins (CDs) (57). Recently, there is a study showing
that the dimerization is important for higher activity in CDs hydrolysis of
Anoxybacillus CDase (AfCdal3). This was confirmed by the fact that monomeric
enzymes of Laceyella CDase (LsCdal3) are capable of cyclodextrin degradation but
with lower activity (139). 3D structure prediction of BK44 revealed that this enzyme
lacked the N-domain. CDase from Thermotoga maritima (TMG) was also found
lacking this domain. CDase from TMG exhibited enzymatic activity not only for
cyclodextrins but also starch and maltooligosaccharides (140). Therefore, it is possible
that BK44 might exhibit similar weak activity against various substrates with
cyclodextrins being the most favorable ones. In addition, it seems likely that this

BK44 is a monomeric enzyme.

6.2 Expression of BK44 in P. pastoris

In this study, P. pastoris was chosen as the expression host. BK44 was subcloned
into P. pastoris expression vector, pPICZaA, which contained the MFo-1 signal
sequence that directed the secretion of the heterologous protein. However, protein
from BK44 could not be obtained from P. pastoris either as intracellular or
extracellular protein. This might be the result of gene mutation, mRNA secondary
structure or codon usage (141). Sequence analysis of Pichia integrants using 5> AOX

and 3> AOX primers revealed no mutation in the sequence of BK44. Therefore, BK44
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transcript was examined to confirm gene expression at transcriptional level. From RT-
PCR result, BK44 transcript could be observed from culture, which was induced for
0,1,2,3, and 5 days. The detection of BK44 transcript from P. pastoris induced at day
0 might result from the fact that P. pastoris could immediately and rapidly use
methanol as an inducer. This transcript was not detected from P. pastoris containing
only pPICZoA and non-induced culture. In addition, the mRNA secondary structure
could also have a major impact on the translational efficiency (142). Therefore,
mRNA secondary structure of BK44 which contained many stems-loops at the

beginning of mRNA sequence might interfere the translation (Figure 50).

Free energy of structure = -356.1 kkal/mol

Figure 50. mMRNA secondary structure prediction of BK44
Predicted mRNA secondary structure of BK44 was performed using

GeneBee-NET server in www.genebee.msu.su. In the circle indicates stems-loops at

the beginning of mRNA sequence.
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6.3 Expression of BK44 in E. coli

As BK44 expression in P. pastoris could not be obtained. BK44 was then
expressed in E. coli. From previous studies, the expression of pullulanase genes in E.
coli have been reported. These include Alicyclobacillus acidocalsarius
cyclomaltodextrinase (neopullulanase) (102), Thermus thermophilus HBS pullulanase
(143), Flavobacterium sp. cyclodextrinase (74) and Bacillus stearothermopilus ET1
maltogenic amylase (100). In this study, the expression was performed using pET-32a
as an expression vector. BK44 protein of 55 kDa was obtained mostly as inclusion
bodies when grown at 25 and 30 °C but when the temperature was decreased to 18 °C,
no protein of the expected size was detected.

Although E. coli is widely used for heterologous protein expression, some
proteins are found to have difficulty expressing as a functional soluble form in this
host (144). This might be due to mRNA stability, codon bias, protein folding and
secretion. CDase from Thermotoga maritime or TMG, is highly expressed in E. coli;
however, it is found that half of the recombinant TMG existed in the insoluble fraction
(140). The reason for this is not clear but it might be because of the structure
complexity of the enzyme as it contains four different domains (145). There are
several methods to overcome these problems i.e. unfolded and refolded protein (146)
temperature optimization (147), tuning the inducer concentration (148), adjusting the
codon usage (149), or fusing target protein to a highly soluble protein (150). In this
study, protein fusion with highly soluble protein was performed. BK44 was fused to
NusA in pET43.1a. It is claimed that this protein enhances the solubility of protein
because the predicted solubility of NusA was 95% (150). After fusion with NusA,
BK44 was obtained both in the soluble and pellet fractions. However, the enzyme
activity of BK44 could not be observed when a, B, vy cyclodextrins and pullulan were
used as substrates. Turner et al (148) claimed that the presence of the fusion protein
decreases the activity of enzyme. Consequently, the removal of Nus-Tag with specific
enzyme digestion, enterokinase, should be performed to obtain the enzyme activity.
NusA, fusion tag was also used in Anoxybacillus falvithermus cyclomaltodextrinase
(Afcdal3) (148). When Nus-Tag was removed by digestion with enterokinase, the

activity increases two folds when compared to the untreated fusion protein (148).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet. Eng.) / 99

According to undetected activity of the enzyme from the soluble fraction of
pET43.1-BK44, the lack of the additional N domain might affect the enzymatic
activity. The deletion of the N domain in neopullulanases from Thermoactinomyces
vulgaris (TVA T and TVA II) was investigated. The activities of the enzyme lacking N
domain against soluble starch and cyclodextrins were drastically decreased about
1,500 to 10,000 fold when compared with those of wild type enzymes (57). For
Thermus maltogenic amylase (ThMA), the deletion of N-terminal domain resulted in
monomeric enzyme and the activity of ThMA to B-cyclodextrin was also decreased
(151). Therefore, it is possible that BK44 might exhibit low enzymatic activity against
cyclodextrins and pullulan because of the lacking N domain. Another possibility is
that the substrates used for assaying the enzyme activity of BK44 was not sensitive
enough to detect the low pullulanase or cyclodextrinase activity. Therefore, more
sensitive method such as fluorescently labeled pullulan (152) might be needed to
assess enzyme activities. In addition, one fact that substrates used in this work might
not be the most favorable ones for BK44 should not be excluded. More various
substrates could be used to prove this hypothesis.

Lastly, to obtain soluble functional BK44, other alternative heterologous hosts
such as Bacillus subtilis and yeast, Saccharomyces cerevisiae could be used.
Successful expression of pullulanase genes have been reported from various
microorganisms such as Bacillus stearothermophilus neopullulanase (82),
Desulfurococcus mucosus pullulanase (145) and Bacillus polymyxa neopullulanase
(104) in such hosts.
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CHAPTER VII
CONCLUSIONS

7.1 In this study, an almost complete xylanase gene was obtained from Bor

Khlueng hot spring sediments.

7.2 A full-length neopullulanase gene (BK44) was successfully obtained and
contained 1,458 bp open reading frame encoding 485 amino acid residues with the

calculated mass of 55 kDa.

7.3 The full-length BK44 was classified into family 13 glycosyl hydrolase and

belonged to the neopullulanase subfamily.

7.4 The predicted 3D structure of BK44 depicted the (B/a)s fold and C-terminal
domain like other enzymes in family 13 glycosyl hydrolase. However, BK44 lacked

domain N which is the distinct characteristic for neopullulanase subfamily.

7.5 BK44 transcripts could be detected in recombinant P. pastoris, however,

BK44 protein could not be obtained.

7.6 BK44 protein was obtained as an inclusion body when expressed in E. coli
using pET-32a expression vector. On the other hand, both soluble and pellet fractions
of the protein could be detected when BK44 was expressed using pET43.1a. However,

the pullulanase and cyclodextrinase activities were not detected.
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