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KRUSONG, Ph.D., CO-ADVISOR: PROF. PIAMSOOK PONGSAWASDI, Ph.D., 134 pp.

Alpha-glucosidase [EC 3.2.1.20; a-D-glucoside glucohydrolase] is an exchydrolase which
catalyzes non-reducing end of substrates to release D-glucose. In addition, alpha-glucosidase also
displays a transferase activity, which bring about the formation of a-glucosylated compounds such as
soluble starch and glycogen. This research aims to express and characterize a-glucosidase from Weissella
confusa BBK-1 (WcAG). WcAG gene was expressed in modified pET28b vector. This gene contained
an open reading frame of 1,775 bps. Optimum expression condition of WcAG was cultured in LB medium
containing 1% (w/v) glucose and induced with 0.4 mM IPTG at 20°C for 20 h. The recombinant WcAG
containing his-tag at the C-terminus was successfully purified by His-Trap column with the specific
activity of 45.29 U/ml, purification fold of 2.93 increased with 21.65% vyields of total activity. WCAG
had molecular mass of 124 kDa and existed as dimer in native form. For hydrolysis activity, the optimum
temperature and pH were at 50 °C and pH 6.0, respectively. Temperature and pH stability of WcAG were
in range of 4 to 40 °C, and pH 6.0-8.0 in phosphate buffer, respectively. The most suitable substrate for
hydrolysis activity of WCAG was maltotriose (G3) while maltose (G2) was for transglycosylation
activity. For hydrolysis activity, the order of preferable substrate was maltotriose (G3), maltotetraose
(G4), maltopentaose (G5), maltohexaose (G6) and maltose (G2), respectively. For kinetic study of
WCAG, the apparent Kp, Keat and Keat/ Km values for G3 substrate were 2.67 mM, 14.096 s and 5.279
(s-mM)L, respectively. The apparent K, Keat and keat Km Values for G2 substrate were 16.22 mM, 0.738
st and 0.046 (s-mM)?, respectively. The optimal maltooligosacharide production was obtained of
incubation using 200 mM of G2 with 0.4 unit/ml of WcAG at 37 °C for 24 h. Four products were obtained
from transglycosylation activity including product I, Il, 111 and IV. Identification of all products using
HPAEC-PAD revealed that product | was isomaltose, product Il was panose while product Il and IV
still cannot be identified.
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INTRODUCTION

1.1 Glycosyltransferases and glycosidases as catalysts
1.1.1 Glycosyltransferase

Glycosyltransferase (EC 2.4) catalyses the stereospecific and regiospecific
transfer of saccharide moieties from glycosyl donor such as activated nucleotide sugar
to saccharide and nonsaccharide acceptors. Transfer of the sugar residue forms
glycosidic bonds which occurs either the retention or the inversion of the configuration
of the anomeric carbon. Definition of regiospecificity and stereospecificity are mean
the high catalysts which can be obtained have an attractive characters and the high
selectivity for the acceptor substrate. Glycosyltransferases were classified by the sugar
transfer from donor to acceptor and by an acceptor specificity (Breton et al., 2006).

Large family of glycosyltransferases are important in all domains of life for the
biosynthesis of glycoconjugates and complex carbohydrates. Glycosyltransferases are
present in both prokaryotes and eukaryotes. Glycosylation reactions in bacterial cell are
vital in many essential biological processe such as adhesion and signaling. In eukaryotic
cells, most of the glycosylation reactions occur in the golgi apparatus which generates
the variety of oligosaccharide structures. In animals, glycosyltransferases transfer
galactose/N-acetyl D-galactosamine (Gal/GalNAc) units to the cell surface of
glycolipids and glycoproteins which are the component of ABO blood groups.
Glycosyltransferase from animals are present in low concentrations and also bound to
intracellular membranes. Therefore, they require special purification technique (Beyer
et al., 1981; Paulson, 1989). In plants cell, glycosyltransferases play a crucial function

including the attachment of sugar moieties to various small molecules such as
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flavonoids and hormones, the addition of N-linked glycans to glycoproteins, and the
biosyntheses of cell wall polysaccharides using sugar nucleotides (NDP-sugars) as
donors, and transfer the sugar residue to acceptors to form glycosidic bonds (Drickamer
and Taylor, 1998).
1.1.2 Glycosidase

Glycosidase can be divided into two types. The first one is exoglycosidase that
has an ability to hydrolyze glycosidic linkages at non-reducing end of saccharide
chains. Another one is endoglycosidase which catalyzes oligosaccharide substrate.
Type of exo or endo-glycosidase depending on the region where it attack in chain of
substrate. Exoglycosidase catalyzes at the end of sugar chains to release particular
monosaccharides from non-reducing termini  of oligosaccharides, whereas
endoglycosidase catalyzes at the middle of the chain to release an individual monomer
(Kobata, 2013). This enzyme is found in viruses, microorganisms, plants and animal.
Glycosidases were identified by specificity properties for the glycosyl unit of the donor
and properties of their stereospecificity. However, most of glycosidases show less
specificity to its substrate proof selectivity than glycosyltransferase does. Therefore,
glycosidase is suitable for the production of various glycosides using less cost
investment. So, variety of linkages can derived by different sources of the enzyme. The
hydrolytic activity of glycosidases also be used for preparation of oligosaccharides or
peptides from larger structural substrate such as starch ( Tomasik and Horton, 2012).
Properties of glycosyltransferases and glycosidases indicated the type of enzyme used
and the synthetic goal. Therefore, glycosidases are appropriate for shorter
oligosaccharides while glycosyltransferases are used for synthesis of production of

higher oligosaccharides (Nilsson, 1988; van den Eijnden et al., 1986).



1.2 a-Glucosidase

Alpha-glucosidase (EC 3.2.1.20) is an enzyme that catalyzes substrate from
non-reducing ends and releases glucose as by-product. In natural, a-glucosidase found
in many organisms such as mammals, insects, plants, fungi and bacteria because this
enzyme has an important function in physiological roles to produce glucose in the
amylolytic metabolism pathway. Substrates of this enzyme are in types of a-glucosides,
a-glucans, and a-linked oligosaccharides. Alpha-glucosidase has two mains activity
including hydrolysis and transglycosylation activity. Definition of hydrolysis activity
means the enzyme hydrolyzes terminal non-reducing (1,4) linked a-glucose residues to
release a single a-glucose molecule while transglycosylation activity means the enzyme
bring a donor to form bond with an acceptor together, which results in the formation of
various a-glucosylated compounds such as glycogen and soluble starch (Shimba et al.,
2009). Moreover, a-glucosidase has a wide range of substrate for hydrolysis activity.
Some of these enzymes favor a-linked di-, oligo-, and polyglucans, while others
preferentially are on heterogeneous substrates such as sucrose and aryl glucosides
(Paulson, 1989; Schauer, 1982). Furthermore, a-glucosidase also displays transferase
activity which forms a-glucosylated compounds such as soluble starch and glycogen
(Cihan et al., 2012; Zhang et al., 2011). In case of high substrate concentrations, the
enzyme also shows transglycosylation activity to synthesize oligosaccharides as

presented in Figure 1.1.
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Figure 1. 1 Catalytic reactions of a-glucosidase. The upper is hydrolysis and lower
reactions is transglycosylation activity. R1 represent a-glucosaccharide, a-glucan and
maltooligosaccharide unit. HO-R> represent acceptor substrate for transglycosylation.

(Figure from Okuyama et al., 2016)

1.3 Classification

Based on the basis of substrate specificity, a-glucosidases are classified into
three types (I, 1l and I11). Type I a-glucosidase prefer to hydrolyze heterogeneous
substrates which has heteroside linkage such as aryl-glucosides and sucrose to
homogeneous substrate which has holoside linkage e. g. maltooligosaccharides, o-
glucans and a-glucobioses. Type Il enzyme show high activity on maltose and
isomaltose while displays low activity towards aryl-glucosides. Type Il enzyme not
only displays similar substrate specificity as type Il enzyme does but also hydrolyzes
polysaccharides such as amylose and starch (Nimpiboon et al., 2011; Yamamoto et al.,
2004). The difference between type Il and type 11, therefore, is the ability to hydrolyze

polysaccharide substrate. The former has a minimum activity on a-glucan, whlie the



latter has a high activity. Type I a-glucosidase is found in Saccharomyces cerevisiae
(Dusan et al., 2014), Thermus thermophilus TC11 (Zhou et al., 2015) and Apis cerana
japonica (Wongchawalit et al., 2006), while type II o- glucosidase exists in
Arthrobacter sp.DL001 (Zhou et al., 2012), Pseudoalteromonas sp. K8 (Li et al., 2016)
and Apis mellifer (Pontoh, 2001). Type III a-glucosidase is presented in plants and
animals such as Apis mellifera L., Apis cerana indica Fabricus (Kaewmuangmoon et
al., 2012), Spinacia oleracea L. (Sugimoto et al., 1995), Allium fistulosum L. (Suzuki
and Uchida, 1984) and shows activities on starch and glycogen (Li et al., 2016;
Nishimoto et al., 2001). Based on primary structural classification, a-glucosidase is
classified into two families including glycosidehydrolase family (GH) 13 and 31. Type
I is in GH 13 group, while type Il and 11l are GH 31 members (Nakai et al., 2005;

Okuyama et al., 2016).

1.4 GH 13 a-glucosidases

1.4.1 Structure and common characteristics of GH13 a-glucosidase

The sequence of GHI13 - glucosidase is closely releated to oligo- 1,6-
glucosidase (EC 3.2.1.10; O16G) and dextran glucosidase (glucan 1,6- a-glucosidase;
EC 3.2.1.70; DG). This enzyme belongs to subfamilies GH13 17, GH13 23,
GH13 30, and GH13 31 (Stam et al., 2006). Evidence from published three-
dimensional structures have been reveals the enzyme core structure consisting of three
domain A, B and C (Figure 1.2A, B) (Shirai et al., 2008) (Mgller et al., 2012). Domain
A is a catalytic domain fromd by (p/a) 8-barrel fold. The catalytic domain of both GH13
and GH31 a-glucosidases are construced by (p/a) 8-barrel fold as well (Bojsen et al.,

1999).
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Figure 1. 2 Three dimensional structures of GH13 a-glucosidases. (A) Overall structure
of HaG and maltose complex (PDB, 3WY4). (B) Overall structure of SmDG and
isomaltotriose complex (PDB, 2ZID). Domain A red; domain B green; domain C
orange; domain B blue; p—a loop 1, 2, 5, 6, and 7,cyan; and B—a loop 4, magenta.
The substrates bound to the enzymes are shown by green stick. Calcium ion bound to
the B—a loop 1 of domain A is indicated by a green sphere. It is thought to regulate the
thermostability based on the Kkinetic experiment (Kobayashi et al., 2011); (C) closeup

view of the SmDG active site. Isomaltotriose covers from subsite -1 to -2. The inactive



mutant enzyme ( E236Q) was used to trap the Michaelis complex. (Figure from
Okuyama et al., 2016)

GH 13 enzyme has four conserved regions including region I, 11, 111, and V.
Conserved region Il and I11 comprises catalytic nucleophile residue (Asp) and general
acid-base catalytic residue (Glu) located at C-terminal ends of the fourth and fifth p-
strands of domain A, respectively (MacGregor et al., 2001). Domain B comprising
several a-helices and B-strands is located between the third B-strand and the third a-
helix of domain A. In addition, outer site of the active site pocket has a part of domain
B. The last one is domain C which is formed by anti-parallel 3-sheets next to the domain
A. GH13 a-glucosidases is different from GH13 endo-type enzyme because GH13 a-
glucosidase consists of two extra a-helices on f/a loop 8 of domain A located on the
main parts of domain B but GH13 endo-type enzyme has a cleft-shaped substrate
binding sites (Kadziola et al., 1994; Lawson et al., 1994; Matsuura et al., 1984;
Wiegand et al., 1995).

The conserved His (Figure 1.3, region I), Arg (Figure 1.3, region II), and His
(Figure 1.3, region 1V) residues of GH 13 enzyme can from hydrogen bond with non-
reducing end of glucosyl residue of the Tyr on B—a loop 2 on domain A and the subsite-
1 of substrate (Figure 1.2C) (Hondoh et al., 2008; Watanabe et al., 1997). Salt-bridge
is generated by Asp and Arg to recognize the non-reducing end of substrate which have
an interaction with the 4-OH of the glucosyl residue. Moreover, Asp and Arg residues
are also available in the other GH13 exo-type enzymes (Mirza et al., 2001; Ravaud et

al., 2007).
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Amino-acid sequences of

e SmDG, Streptococcus mutans DG (GenBank ID: BAE79634.1);

e LaDG, Lactobacillus acidophilus DG (GenBank 1D: AAV42157.1);

e BcO16G, Bacillus cereus 016G (GenBank ID: CAA37583.1);

e BsO16G, Bacillus subtilis 016G (GenBank ID: CAB15461.1);

e ScO16G, Saccharomyces cerevisiae isomaltase (GenBank 1D: BAA(07818.1);

e BSAMaG, Bacillus sp. SAM1606 a-glucosidases (GenBank ID: CAA54266.1);

e ScaG, S. cerevisiae maltase (GenBank ID: CAA85264.1);

e GstaG, Geobacillus stearothermophilus o- glucosidases ( Gen- Bank ID:

BAA12704.1),



e GsaG, Geobacillus sp. HTA426 a-glucosidases (GenBank 1D: BAE48285.1);
e HaG, Halomonas sp. H11 a-glucosidases (GenBank ID: BAL49684.1);

e HBGI, Apis mellifera a-glucosidases | (GenBank 1D: BAE86926.1);

e HBGII, Apis mellifera a-glucosidases Il (GenBank 1D:BAE86927.1);

e HBGIII, Apis mellifera a-glucosidases 111 (GenBank ID:BAE11466.1).

SmDG, LaDG, BcO16G, BsO16G, and ScO16G are specific to o-( 1,6) -
glucosidic linkage, and ScaG, GstaG, GsaG, HaG, HBGI, HBGII, and HBGIII have
high activities toward a-(1 ,4)-linked substrates. BSAMaG has a high activity toward
both a-(1,6)- and a-(1,4)-linked substrates. Conserved regions and f—a loop 4 are
indicated by red and green boxes, respectively. Amino-acid residues responsible for the
a-(1,6)-glucosidic- linkage specificity are indicated by inverted triangles ( Figure from
Standley et al., 2007).

Some GHI13 a-glucosidases such as neopullulanase (Hondoh et al., 2003),
cyclodextrin glucanotransferase (Lawson et al., 1994), trehalulose synthase (Ravaud et
al., 2007), and a-amylase (Koropatkin and Smith, 2010) require calcium ion bound to
the B/a. loop 1 of domain A (Hondoh et al., 2008; Shirai et al., 2008; Yamamoto et al.,
2010). The calcium ion binding site binds to domain B to maintain the active site’s
structure (Machius et al., 1998). The evidence from Kinetic analysis using
Streptococcus mutans DG ( SmDG) presented that calcium ion enhanced thermal
stability by bound to p—a loop 1.It can be infered that calcium ion is involved in

enzyme stability under high temperature (Kobayashi et al., 2011).
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1.4.2 Substrate chain-length specificity of GH13 a-glucosidases

The substrate chain-length specificity of GH13 exo-glucosidase has a variety.
Short- chain substrates are highly selective for a-glucosidase and oligo-1,6 glucosidase.
For example, Halomonas sp. a-glucosidase is specific to disaccharide (Ojima et al.,
2012). The result from analyzing amino acid sequences together with three-dimensional
structures of GH13 exo-glucosidases indicated that the length of B—a loop 4 of domain
A differed rely on the substrate chain-length specificity. Therefore, the tendency for
long chain substrate preference may contain short f—a loop 4. Previousely, the
substitution of Trp238 with smaller amino- acid residue in Streptococcus mutans
dextran  glucosidase displays lowering in catalytic efficiency toward
isomaltooligosaccharides as shown in Table 1.1 (Okuyama et al., 2016). The lower
preference long-chain substrates presented that the hydrolytic activity on long-chain
substrates was related with this residue and the short p—a loop 4. Besides, the
interactions of Arg212 and Asn243 via hydrogen bonds of glucosyl residue at subsite

+2 resulted in increasing affinity towards long-chain substrates (Mgller et al., 2012).



11

Table 1. 1 Amino-acid residues related with substrate specificity and transglycosylation

activity in GH13 a-glucosidase (Table from Okuyama et al., 2016)

Enzyme Amino acid P — o loop  Subsite Function

SmDG Vall95 4 Fl Specilicity to a-{1 — &)-glucosidic linkage
Trp238 5 1 and 2 Selectivity to long-chain subsirales and transglucosylation activity
Phe262 [ None" Regulating orientation of Trp238
Lys275 [ a Specificity o o-(1 — 6)-glucosidic linkage
Glu3T7l 8" 1 Specificity o o-(1 — 6)-glucosidic linkage

L. acidophilus DG Arg212 4 +2 Selectivity o long-chain substrates
Asn243 5 +2 Selectivity o long-chain substrates

Bacillus sp. SAMI606 AGase  Gly2T3 5 I+l Selectivity 1o trehalose and maliose

8. cerevisiae isomallase Gln279 5 I+l Specificity o a-(1 — 6)-glucosidic linkage

Halomonas sp. AGase Phe2%7 6 Il Specilicity o a-{1 — 4)-glucosidic linkage

HBG-1 Pro233 4 H Selectivity to a-{1 — 4)-glucosidic linkage in transglucosylation
His234 4 H High sclectivity to maltose

HBG-1I Asn226 4 H Selectivity to a-{1 — 6)-glucosidic linkage in transglucosylation
His227 4 1 High selectivity to maltose

HBG-111 Pro226 4 1 Selectivity to a-{1 - 4)-glucosidic linkage in transglucosylation
Tyr227 4 1 High selectivity to sucrose

* Phe262 has no direct interaction with the substrate
" Corresponds to domain B’

1.4.3 Transglycosylation of GH13 a-glucosidases

a- Glucosidase has ability in catalyze transglycosylation. The process of
transglycosylation begins with transfering of glucosyl residue to a hydroxyl group of
the acceptor at non-reducing end of substrate. Then enzyme was used as biocatalyst in
production of oligosaccharides. Halomonas sp. glucosidase has a high disaccharide
specificity and hardly produce trisaccharides so it is an efficient enzyme that using
maltose as a glucosyl donor (Ojima et al., 2012).

Moreover, a- glucosidase from Xanthomonas campestris which belongs to
GH13_23, can produce glucoside through transglycosylation using L-menthol, (+)-
catechin, and hydroquinone as acceptor (Kurosu et al., 2002; Nakagawa et al., 2000;
Sato et al., 2000). The research revealed that transglycosylation activity was controlled
by amino-acid residues forming substrate binding sites. The substitution of Trp238 in

Streptococcus mutans dextran glucosidase with group of non-aromatic amino acid
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residues such as Asn, Pro, and Ala, which constructed subsites +1 and +2, inhibits
transglycosylation activity on the p-nitrophenyl a-glucoside (Saburi et al., 2006).

In addition, glycosidase, glucoamylase and cellulase were mutated by replacing
catalytic carboxylate with cysteine sulfinate (-SOO-) resulted in alteration of enzymatic
properties. This enhances adds the catalytic activity of glucoamylase and increase
cellulase activity at acidic pH (Cockburn et al., 2010; Fierobe et al., 1998). Cysteine
sulfinate substitution of Streptococcus mutans dextran glucosidase definitely inhibits
catalytic activity on p-nitrophenyl a-glucoside, but increases transglycosylation activity
(Saburi et al., 2013). Mutated enzyme carrying cysteine sulfinate expresses higher
transglycosylation activity both on p-nitrophenyl a-glucoside and natural substrate such
as isomaltooligosaccharide. ~Therefore, this process can support enhancing of
transglycosylation activity more than using synthetic substrates which composed of
good leaving groups.

1.4.4 Honeybee a-glucosidase

European honeybee (Apis mellifera) has three a-glucosidase isozymes including
HBG-1, HBG-1I, and HBG-IIl (Nishimoto et al., 2001 ; Takewaki et al., 1980).
Expressions of these three enzyme occured in different organs at different stages of
bees’ life (Kubota et al., 2004). Firstly, HBG-I presents in the ventriculus. Secondly,
HBG- Il is localized in the ventriculus and the hemolymph. Finally, HBG- Il is
generated by the hypopharyngeal glands into the nectar which is directly related in
honey formation by the hydrolysis of sucrose in the nectar. In general, the a-glucosidase
in honey is indicated to be HBG- Ill as consider from enzymatic properties. The
expression level of the gene encoding HBG- 11 is found only in worker bees. The

function of the hypopharyngeal glands is changed to produce royal jelly in nurse bees
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(Kubo et al., 1996). Juvenile hormones and ecdysone have an effect on functional and
physiological transition of the hypopharyngeal glands. It is controlled by the actions of
the HBG- 111 gene’s expression level (Ueno et al., 2015). The enzymes from three
honeybee are belonged to GH13 subfamily 17 (GH13_17). It contains a-glucosidase
from insects such as bees, mosquitos, and flies. However, there have not yet been
reported about the three-dimensional structures of the proteins in this subfamily.
Substrate specificity of the three a-glucosidase from honeybee is maltotriose
while nigerose, isomaltose, and soluble starch are poor substrates. HBG-1 and HBG-11
are monomeric enzymes which show non- Michaelis—Menten kinetics. There are also
identified as allosteric enzymes (Kimura et al., 1990; Takewaki et al., 1993). Whereas,
HBG-II1 follows typical Michaelis—Menten kinetics. Transglycosylation acyivity of a-
glucosidase from honeybee is high. Particularly, regioselectivity of a-1,4-glycosidic

linkages is predominant (Kimura et al., 1990).

1.5 GH 31 a-glucosidase

GH 31 is a variety family comprising hydrolases, transglycosidases and lyases.
Carbohydrate Active Enzymes (CAZy) database (http:// www.cazy.org/)(Lombard et
al, 2013) indicated that members of GH31 consisted of o- glucosidase, a- 1,3-
glucosidase, - Xxylosidase, 3- a- isomaltosyltransferase, 1,4- o- glucan 4- a-
glucosyltransferase, - galactosidase, and a -1,4-glucan lyase. GH31 a- glucosidase
functions in vital biological processes. It has an important function in the formation of
initiate glycoproteins in the endoplasmic reticulum. Most GH 31 a-glucosidase can

digest starch to glucose, the smallest product. For example, the mammalian small
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intestine contains sucrase—isomaltase (SI) and maltase—glucoamylase (MGAM) that
function on degradation of dietary starch.

Two catalytic subunits of SI and MGAM are N-terminal subunit ( N-terminal-
Sl and N-terminal-MGAM) and C-terminal subunit (C-terminal-SI and C-terminal-
MGAM). Each catalytic subunits is a member of GH31 subunit , but shows differance
substrate selectivity, especially possessed a-(1,4) - specificity (Nichols et al., 2003).
Two catalytic subunit are mainly function on hydrolysis of a- ( 1,4) - linkages but
different for degree of polymerization (DP) of substrate. N-terminal-MGAM prefer
hydrolyzing substrates with lower DP than C-terminal-MGAM (Quezada et al., 2008;
Ren et al., 2011). C-terminal-SI acts on a( 1« 2) linkages in sucrose (Takesue et al.,
2001) while N-terminal-SI catalyze of a-(1,6)-glucosidic linkages (Sim et al., 2010).

1.6 Enzymatic and chemical production of oligosaccharides

1.6.1 Chemical method

Chemical methods for synthesis of oligosaccharides are continuously developed
(Nilsson, 1988; Schmidt, 1986). Nevertheless, there are drawback and pose some
problem. The research points out unsuitability of chemicals method in the process of
oligosaccharide production. Chemicals method is complicate because it has many
protection and deprotection steps which are essential for regioselective synthesis as
shown in Figure 1.4. Moreover, structural of carbohydrates contain multiple hydroxyl
groups of similar reactivity as well. The size of the oligosaccharide has an effect to
increase the number of steps. Therefore, production of a disaccharide may desire five
to seven steps while a trisaccharide may require more than ten steps. In addition, the
providing of correct anomer in stereospecific reactions are often difficult and amount

of total product is rather less. (lijima and Ogawa, 1988)
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Figure 1. 4 Typical process of chemical production a disaccharides (Figure from
Nilsson, 1988).
1.6.2 Enzymatic method

In the production of organic compounds, enzymatic method is the best
alternative method which was used more than decade (Jones and Francis, 1984).
Enzymatic method has a wide variety of regiospecific and often highly regioselective
reactions which it can be catalysed very efficiently without protection of the hydroxyl
groups. Therefore, outstanding points of enzymatic method is composed of two ways.

Firstly, reaction occur under mild conditions often at room temperature and nearly
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neutral pH. Secondly, it can be avoided organic solvents and hazardous chemicals such
as dithiothreitol (DTT) and tris(2-carboxyethyl)phosphine (TCEP) which prevent thiol
dimerization. The enzymes were divided into 2 types according to the process of
complex oligosaccharides production which consists of glycosyltransferases (EC 2.4)
and glycosidases (EC 3.2).
1.6.3 Combinating of chemical and enzymatic method

Oligosaccharides were synthesized by combinating both a chemical and
enzymatic methods. Chemical methods usually synthesized nitrophenyl glycosides,
which used as a substrate in glycosidase catalysed reactions. Glycosidases hydrolyze
polysaccharide to give useful material for organic synthesis and also produce
oligosaccharide which is a precursor for the process of organic synthesis (Mori et al.,
1999). So, organic synthesis has an importance role for production of sugar analogs and
derivatives. Moreover, glycosidase and glycosyltransferases were applied in synthesis
of oligosaccharide glycosides with various noncarbohydrate aglycons such as allyl,

benzyl, nitrophenyl (Nilsson, 1988).

1.7 Applications

Alpha- glucosidases have been used in food industries. Transglycosylation
activity of the a- glucosidases has been applied in industries to produce
isomaltooligosaccharides and also conjugated sugars, aiming to improve their chemical
properties and physiological functions (Ravaud et al., 2007; Yoshinaga et al., 1999).
Industrial applications are interested in the production of oligosaccharides with various
types of a-(1,2)-, a-(1,3)-, or a-(1,6) linkages. Furthermore, the products provide

benefits to human health such as being prebiotics that can improve gastrointestinal
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conditions and promoting of mineral absorption in human body (Fernandez et al.,
2007). In humans body, a tissue acid a-glucosidase (GAA) deficiency leads to
glycogen- storage disease ( Pompe disease type Il) (Hers, 1963). Therefore, a-
glucosidase is used to produce variety of glycoconjugated products such as complex
carbohydrates and glycoconjugated vitamins and drugs (Fernandez et al., 2007; Hung

et al., 2005).

1.8 Weissella confusa

Weissella confusa is a gram- positive bacterium with a short rod-shaped. W.
confusa was isolated from a nutrient-rich environments such as vegetable products,
fermented foods (Bjorkroth et al., 2002), kimchi (Lee et al., 2005), sourdough and
fermented soya (Malik et al., 2009). In addition, W. confusa was found in breast milk
(Martin et al., 2007) and acted as a normal microbiota of human intestines (Walter et
al., 2001) with probiotic properties (Nam et al., 2002).

1.9 Objectives

Previous research successfully cloned an a-glucosidase gene from W. confusa
BBK-1 into pET28b vector. This research aims to characterize a-glucosidase from W.
confusa BBK-1 (WCAG).

1. To express WCAG in Escherichia coli BL21(DE3).

2. To purify the recombinant WcAG by His-Trap column.

3. To characterize properties of the recombinant a-glucosidase.

4. To synthesize maltooligosaccharide products and to identify the product pattern

of this enzyme.



CHAPTER I

MATERIALS AND METHODS

2.1 Equipment

Autoclave: Model H-88LL (Kokusan Ensinki Co., Ltd, Japan)
Autopipette (Pipetman, Gilson, France)

Balance: PB303-L (Mettler Toledo, Switzerland)

Biogel P2 polyacrylamide beads (BIO-RAD, USA)
Biophotometer (Eppendorf, Germany)

Centrifuge: Sorvall Legend XTR (Thermo Fisher Scientific, USA)
Centrifuge: 5804 R (Eppendorf, Germany)

Centrifuge: Avanti J-301 (Beckman Coulter, USA)
Electrophoresis units:

- Power supply (BIO-RAD, USA)

- Short plates (BIO-RAD, USA)

- Spacer plates (BIO-RAD, USA)

FPLC AKTA (Amersham Pharmacia Biotech Unit, USA)

- Column: Amersham Biosciences His-trap FF™

- Detector: UPC-900

- Pump: P-920

- Fraction collector: Frac-900

FPLC AKTA start (GE Healthcare Life Sciences, England)
Freezer (- 20 °C) (Whirlpool, USA)

Gel Document (SYNGENE, England)
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Hot plate: C-MAG HS7 (IKA, Germany)

High Performance Anion Exchange Chromatography (HPAEC): DX- 600 ( Dinox
Corp., Sunnydale USA)

- Column: Carbopac® PA-1™ 4 x 250 mm

- Pulsed amperometry detector (PAD): DIONEX ED40

- Autosampler: DIONEX AS40

- Column oven: DIONEX 1CS-3000 SP

Hiprep 16/60 sephacryl S-200 High Resolution (GE Healthcare, England)
Incubator (Memmert, Germany)

Incubator box (Hercuvan, USA)

Incubator shaker Innova™ 44 (New Brunswick Scientific, USA)
Incubator shaker Innova™ 4000 (New Brunswick Scientific, USA)
Incubator shaker Innova™ 4080 (New Brunswick Scientific, USA)
Incubator shaker (Kihner, Switzerland)

Laminar flow Bio Clean Bench (SANYO, Japan)

Magnetic stirrer: Model Fisherbrand (Fisher Scientific, USA)

Membrane filter: polyethersulfone (PES), pore size 0.22, 0.45 pum, Whatman™ (GE
Healthcare, England)

Microcentrifuge (TOMY SEIKO, Japan)

pH meter (Mettler Toledo, Switzerland)

Peristatic pump (Cloe-Parmer, USA)

Shaking waterbath (Memmert, Germany)

Sonicator (Bendelin, Germany)

SpectraMax M5 Microplate Reader (Molecular Devices, USA)
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Spectrophotometer (Eppendorf, Germany)

Syringe (Nipro Corporation Limited, Thailand)

Thin layer chromatographpy silica gel 60 F2s4 : sheets 20X20 cm (Merck, Germany)
Ultra-Low Temperature Freezer (- 80 °C) (New Brunswick Scientific, USA)
Vortex: Model K-550-GE (Sciencetific Industries Inc., USA)

2.2 Chemicals

5-Bromo-4-chloro-3-indolyl phosphate (BCIP) (Fermentas, Canada)
B-Mercaptoethanol (Fluka, Switzerland)

Acrylamide (GE Healthcare, England)

Agar (Merck, Germany)

Ammonium per sulfate (APS) (BIO-RAD, USA)

Ammonium sulphate (Sigma, USA)

Ampicillin (BIO BASIC INC., Canada)

Bovine serum albumin (BSA) (Sigma, USA)

ColorPlus prestained Protein Marker, P7709S, Lot: 0201203 (New England Biolabs
Inc., USA)

Coomassie Brilliant Blue G-250 (Fluka, Switzerland)

Coomassie Brilliant Blue R-250 (BIO BASIC INC., Canada)
Cycloamylose (Wako, Japan)

D-Glucose (Ajax Finechem, Australia)

Dipotassium hydrogen phosphate (Ajax Finechem, Australia)
Ethidium bromide (Sigma, USA)

Ethylene diamine tetraacetic acid (EDTA) (Ajax Finechem, Australia)

Glacial acetic acid (Carlo Earba Reagenti, Italy)



Glucose liquicolor (Glucose oxidase kit) (HUMAN, Germany)
Glycerol (Ajax Finechem, Australia)

Glycine (Fisher Chemical, USA)

Hydrochloric acid (Carlo Erba Reagenti, Italy)

lodine (Baker chemical, USA)

Isomaltose (Tokyo Chemical Inc., Japan)

Isomaltotriose (Tokyo Chemical Inc., Japan)

Isopanose (Hayashibara biomedical laboratories Inc., Japan)
Isopropyl B-D-1- thiogalactopyranoside (IPTG) (Thermo Fisher Scientific, USA)
Kojibiose (Hayashibara biomedical laboratories Inc., Japan)
Magnesium sulfate (Carlo Erba Reagenti, Italy)

Maltoheptaose (Hayashibara biomedical laboratories Inc., Japan)
Maltohexaose (Hayashibara biomedical laboratories Inc., Japan)
Maltopentaose (Hayashibara biomedical laboratories Inc., Japan)
Maltose (Conda, Spain)

Maltotetraose (Hayashibara biomedical laboratories Inc., Japan)
Maltotriose (Hayashibara biomedical laboratories Inc., Japan)
Methanol (Sigma, USA)

Nigerose (Hayashibara biomedical laboratories Inc., Japan)
Nitroblue tetrazolium chloride (NBT) (Fermentas, Canada)
Nitrocellulose Membrane (BIO-RAD, USA)

Panose (Hayashibara biomedical laboratories Inc., Japan)

Pea starch (Emsland-Starke GmbH, Germany)

Potassium dihydrogen phosphate (Ajax Finechem, Australia)

21
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Potassium iodide (Mallinckrodt, USA)

Protein Marker, P7702S, Lot: 0441201 (New England Biolabs Inc., USA)
Pullulan (Wako Pure Chemical Industries, Ltd. Japan)

Sodium acetate (LOBA Chemi, India)

Sodium azide (Ajax Finechem, Australia)

Sodium chloride (Ajax Finechem, Australia)

Sodium dodecyl sulfate (SDS) (Vivantis Technologies, Malaysia)
Sodium hydroxide (Carlo Erba Reagenti, Italy)

Sodium nitrate (Carlo Erba Reagenti, Italy)

Soluble starch (potato) (Scharlau microbiology, Spain)

Standard protein marker (Amersham Pharmacia Biotech Inc., USA)
Tetramethylethylenediamine (TEMED) (BIO-RAD, USA)
Trehalose (Wako Pure Chemical Industries, Ltd. Japan)
Tris-(hydroxyl methyl)-aminomethane (Carlo Erba Reagenti, Italy)
Tryptone (HIMEDIA, India)

Yeast extract (Affymetrix, USA)

2.3 Enzymes and restriction enzymes

Glucoamylase from Rhizopus sp. (Wako Pure Chemical Industries, Ltd. Japan)

2.4 Bacterial strains

Weissella confusa BBK-1 is a gram- positive bacteria with a short rod- shaped.
Lyophilized stock of W. confusa BBK-1 isolated from Thai dessert was kindly given by
Dr. Santhana Nakapong. WcAG gene was cloned into modified pET28b vector.

Escherichia coli BL21 (DE3) (Novagen, Germany) was used as an expression host.
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METHODS

2.5 Analysis of WCAG sequence

Bioinformatic tools were used to analyze the results from DNA sequencing.
DNA sequence was translated into amino acid sequence by using EXPASYy translated
tool (http://web.expasy.org/translate/). Amino acid sequence alignment of WcAG gene
was performed using ClustalW tool (http://www.ebi.ac.uk/Tools/).

2.6 Optimization of WCAG expression

E. coli BL21(DES3) harboring WcAG recombinant plasmid was cultured in 8 ml
LB broth containing 30 pl/ml kanamycin at 37 °C with 250 rpm shaking. Then, 1%(v/v)
of cell culture was inoculated to 100 ml of LB medium containing 30 pl/ ml kanamycin
and continued cultured at 37°C with 250 rpm shaking until the optical density at 600
nm reached 0.4-0.6. After that, isopropyl - D- 1 -thiogalactopyranoside (IPTG) was
added to the final concentration of 0.4 mM. Cells were harvested by centrifugation at
7000 xg for various time points at 0, 2, 4, 6, 20 and 24 h after IPTG induction. Cells
were resuspended with 50 mM phosphate buffer pH 7.4 and 0.1% of tritonX-100 before
disrupted by sonication with 30% power under alternating step of pulse-on 1 sec and
pulse-off 4 sec for 1.30 min. After that, supernatant was collected by centrifugation at
12,000 rpm for 15 min. The expression pattern of WCAG was observed by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).

In case of low amount of WCAG expressed in soluble form, the expression
condition was improved by adding a final concentration of 1% (w/v) glucose in LB
medium, lowering temperature, decreasing IPTG concentration, decreasing the round

per minute (rpm) shaking during the expression or adding other chemical reagents.


http://web.expasy.org/translate/
http://www.ebi.ac.uk/Tools/
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When the concentration of WCAG in soluble form was higher enough, the production
of WCAG was scaled up to 2.0 L.

2.7 Purification of WcAG by His-Trap column chromatography

WCAG was expressed as his-tagged proteins at the C-terminus so that it could
be purified by Nickel (Ni?") Sepharose 6 Fast Flow column (GE Healthcare, England).
Initially, His- Trap column was pre-equilibrated with 50 mM phosphate buffer pH 7.4
containing 50 mM NaCl at least 10 column volumes. Crude enzyme was applied onto
the column column. Then the column was washed with at least 20 column volumes of
the same equilibrating buffer until Azso reached baseline level. Bound protein was
eluted by a stepwise elution of 50, 100 and 500 mM imidazole in 50 mM phosphate
buffer pH 7.4 . Fractions carrying WCAG activity were pooled and dialyzed against 50
mM phosphate buffer, pH 7.4. Activity of WCAG was followed as described in section
2.9.1.

2.8 Protein determination

2.8.1 Determination of protein concentration

Concentration of protein was estimated by Bradford’s assay (Bradford, 1976).
Two hundred microliters of Bradford’s working reagent was mixed with 1 pl of protein
sample for 2 min. The mixture was immediately measured at Asgs. Standard curve for
determining protein concentration was prepared using bovine serum albumin 1 mg/ml
as a standard protein (Appendix 6).
2.8.2 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

A denaturing gel with 10% (w/v) separating gel and 5% stacking gel comprising
0.1% (w/v) SDS was prepared (Appendix 1). Electrophoresis was carried out by Mini-

Gel electrophoresis (Bio-Rad, Hercules, MA, USA). Protein sample was mixed with
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5X SDS loading dye. The mixture was boiled for 10 min and then loaded into the gel.
In the process of electrophoresis, a constant current of 25 mA (per gel slab) was set at
a running time of 50 min. When the run was completed, the gel was stained with
Coomassie blue staining solution in order to visualize the protein bands.
2.8.3 Coomassie blue staining

Coomassie blue staining was a common method used for investigating the
protein bands. The gel was stained with Coomassie blue staining solution for 3 h at
room temperature. Then, the gel was destained with destaining solution for many times
until the bands of protein could be obviously seen on the gel without the disturbance
from background.

2.9 Characterization of WcAG

2.9.1 Enzyme assay by hydrolysis activity

Hydrolysis activity aimed to measure the amount of free glucose released as a
by-product from catalyzing a substrate maltotriose (G3). The assay was performed by
glucose oxidase method (Barham and Trinder, 1972). This reaction was described as
follows.

Glucose + H,0 + O, — gluconic acid + H20>

2H>0, + 4-aminophenazone — quinoneimine + 4H,0

The reaction color became magenta when there were glucoses existed in the
solution. Five microlitres of purified enzyme was incubated with 2.5 pl of 500 mM
maltotriose (G3) at 50 °C for 10 min and stopped by boiling for 10 min. Then, 475 pl
of glucose oxidase reagent was added and incubated at 30 °C for 10 min without light

exposure. The reaction mixture was immediately measured at absorbance of 505 nm.
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One unit of hydrolysis activity was defined as the amount of enzyme that produced 1
pmol of glucose per min under assayed condition.
2.9.2 Enzyme assay by transglycosylation activity

Transglycosylation activity was a transferring of glucose molecule from donor
to accepter using maltose (G2) as a substrate. The different products formed were
investigated by Thin-layer Chromatography (TLC). Enzyme carrying 0.4 U/ml
hydrolysis activity in 50 mM phosphate buffer pH 6.0 was incubated with 50 mM
maltose at 37 °C for 10 min. Then, the reaction mixture of 0.5 pl was spotted on TLC
plate. The solvent system (mobile phase) was prepared by mixing butanol, acetic acid
and water in the ratio of 3:2:2. The TLC plate was placed into the solvent tank for 1 h
(at least 3 times) to allow the solvent traveled up to 1 centimeter below the top of the
TLC plate (Merck, Germany). The plate was then visualized by spray with mixing 10
ml of sulfuric acid, 29 ml of ethanol, 8 ml of distilled water and 0.1 g of orcinol before
incubate at 110 °C for 10 min. Maltooligosaccharide products were identified by
comparison to the G1-G7 markers and other standard disaccharides.
2.9.3 Effect of temperature on WcAG activity

The effect of temperature on WCAG activity was observed on hydrolysis activity
as described in section 2.9.1. Assay condition was performed in 50 mM phosphate
buffer pH 6.0 at various temperatures from 20 to 70 °C for 10 min. The results were
shown as a plot of relative activity (%) against temperature. The highest activity was
set as 100%.
2.9.4 Temperature stability of WCAG

Effect of temperature on WCAG stability was determined at various

temperatures. The enzyme was pre-incubated at each temperature for 1 h and then
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withdrawn to assay hydrolysis activity. The mean of hydrolysis activity assay was
described in section 2.9.1. The results were illustrated as a percentage of relative
activity.
2.9.5 Effect of pH on WCcAG activity

The effect of pH on WCAG activity was carried out on hydrolysis activity. The
reaction was performed under optimum temperature from section 2.9.3 but varied in
pH ranging from pH 3.0 to 9.0. Different buffer systems were used as follows; acetate
buffer for pH 3.0 — pH 6.0, phosphate buffer for pH 6.0 — pH 8.0 and Tris-HCI for pH
7.0 — pH 10.0. The activities were examined as previously described in section 2.9.1.
The pH at which WCAG possessed maximum activity was set to be 100%.
2.9.6 pH stability of WcAG

To observe pH stability of WCAG, the assay aimed to detect the remaining
hydrolysis activity after the purified enzyme was pre-incubated at different pHs
ranging from 3.0 to 9.0. Incubation was performed at 50 °C for 1 h before taken out to
measure hydrolysis activity as described in section 2.9.1. The results were plotted as a
percentage of relative activity over a period of time.
2.9.7 lon effect on WcAG

Different ions or chelating agent including Ca?* ,Fe*, Zn?*, Cu?*, Fe?*, Mn%*,
Ni?*, Mg?*, Co?*, K*, Na" and EDTA were used to investigate their effects toward
WCcAG hydrolysis activity. Purified enzyme was pre-incubated at optimum condition
for 10 min. It was then incubated with each ion at a concentration of 5 mM at 50 °C for
1 h. The reaction mixture was withdrawn to measure hydrolysis activity as mentioned

in section 2.9.1. The results were shown as a relative activity against incubation time.
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2.9.8 Half-life of WCAG

To determine half-life of WCAG, the enzyme was pre-incubated at 50 °C under
incubation time of 10, 20, 30, 40, 50, 60, 90 min and then terminated by boiling for 10
min. The remaining hydrolysis activity was measured as described in section 2.9.1. The
results were illustrated as a percentage of relative activity.
2.9.9 Kinetic study of WCAG on hydrolysis activity

In order to determine hydrolysis kinetic parameters, WcAG of 0.5 U/ml
hydrolysis activity in 50 mM phosphate buffer pH 6.0 was incubated with various
concentrations of maltose and maltotriose from 0, 1, 2.5, 5, 7.5, 10, 20, 30, 40, 50, 100,
200 to 300 mM for 10 min at 50 °C. After that, the reaction was stopped by boiling 10
min. The amount of free glucose was detected by glucose oxidase method as mentioned
in section 2.9.1. The kinetic parameters, Km and Vma, were calculated from
Lineweaver-Burk plot. The turnover number of enzyme (kcar) and catalytic efficiency
(kea/ Km) of the enzyme were analyzed as well. Michaelis- Menten equation was
calculated from the following equation: Vi = (Vmax[S])/(Kn+[S]).
2.9.10 Substrate specificity of WCAG
2.9.10.1 Substrate specificity on hydrolysis activity of WcAG

An ability of WCAG to catalyze different substrates including maltotriose (G3),
maltotetraose (G4), maltopentaose (G5), maltohexaose (G6), pullulan, dextrin and
para-nitrophenyl a-D-glucopyranoside (pNPG) was investigated on hydrolysis activity.
Purified enzyme of 0.5 U/ml in 50 mM phosphate buffer pH 6.0 was incubated with 50
mM of substrate at optimum temperature for 10 min. The amount of free glucose was

examined by glucose oxidase method as mentioned in section 2.9.1.
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2.9.10.2 Substrate specificity on transglycosylation activity of WCAG

Transglycosylation activity towards different substrates, G2— G7, was also
analyzed by TLC analysis. Enzyme of 0.4 U/ml hydrolysis activity in 50 mM phosphate
buffer pH 6.0 was incubated substrates at 50 °C for 10 min. Aliquot of 0.5 pl was
subjected to TLC analysis as described in section 2.9.2. Substrate specificity was then
determined from TLC plate.

2.10 Optimization of transglycosylation activity

Initially, the production of maltooligosaccharide products was optimized
aiming to obtain higher amount of products. Factors including temperature,
concentration of enzyme, concentration of substrate and incubation time were
investigated.

2.10.1 Effect of temperature

The reaction was performed by incubating WcAG of 0.4 U/ml hydrolysis
activity with 50 mM maltose at various temperatures including 18, 30 and 37 °C for 24
h. The reaction was terminated by boiling for 10 min. Aliquot of 0.5 ul was subjected
to TLC analysis as described in section 2.9.2. The optimum temperature was
determined from spot size of products on TLC plate.

2.10.2 Effect of enzyme concentration

Fifty millimolar of maltose was incubated at optimum temperature from 2.10.1
for 24 h with various enzyme concentrations including 0.2, 0.4, 0.6, 0.8 and 1.0 U/ml
hydrolysis activity of WCAG. The reaction was terminated by boiling for 10 min.
Aliquot of 0.5 pl was subjected to TLC analysis as described in section 2.9.2. The

optimum enzyme concentration was then determined from TLC plate.
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2.10.3 Effect of substrate concentration

Optimum WCAG concentration obtained from section 2.10.2 was incubated
with maltose varying in concentration including 50, 100, 150 and 200 mM at optimum
temperature for 24 h and then stopped by boiling for 10 min. Aliquot of 0.5 pul was
analyzed by TLC analysis as described in section 2.9.2. The optimum substrate
concentration was identified from spot size of products on TLC plate.
2.10.4 Effect of incubation time

The activity was performed by varying incubation time of 0, 1, 3, 6, 9, 12, 15,
16, 18, 21 and 24 h under optimum temperature, enzyme concentration and substrate
concentration obtained from previous section. The reaction was terminated by boiling
for 10 min. Aliquot of 0.5 pl was analyzed by TLC analysis as described in section
2.9.2. The optimum incubation time was identified from spot size of products on TLC
plate.

2.11 Large scale production of maltooligosaccharide products

Large scale production of maltooligosaccharide products was prepared in the
total volume of 50 ml under optimum condition of transglycosylation activity obtained
from section 2.10 with 50 rpm shaking. Any hardly dissolved components in the
reaction were removed via centrifugation at 6000 xg for 20 min. Then, the products
were lyophilized at -50 °C, 0.7 mbar and 24 h or until it was completely dried.

2.12 Isolation of maltooligosaccharide products

Lyophilized products from section 2.11 was purified by Bio gel P2 column
(BIO-RAD, USA), a size exclusion column chromatography. Bio gel P2 was first
equilibrated with ultrapure water at least 2 column volumes. Two molars of products

were applied onto the column and eluted by distilled water at a constant flow rate of 0.5
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ml/ min. Fraction size of 5 ml was collected. All fractions were detected by TLC
analysis as described in 2.9.2. Then, fractions containing maltooligosaccharide
products were pooled before analyzed using High Performance Anion Exchange
Chromatography with Pulse Amperometric Detection (HPAEC-PAD).

2.13 HPAEC-PAD analysis of maltooligosaccharide products

The products from 2.5.14 were analyzed by HPAEC- PAD. The model
instrument ICS 3000 system (DIONEX, USA) was used with Carbopac-PA1 column
(4 x 250 mm). Column was first equilibrated with 150 mM sodium hydroxide. A sample
of 50 pl was injected into the column and then eluted with linear gradient elution of
CH3COONa with a flow rate of 1.0 ml/min at 30 °C. During the first 1-5 min, 150 mM
NaOH was used. After that, from 6—43 min, the products were eluted by 150 mM NaOH
with a gradient of 0 to 600 mM CHsCOONa. Finally, the last 2 min, 500 mM NaOH
was used to backwash the column. The products were identified by comparing to the
standard carbohydrates including G1-G7,panose, isopanose, isomaltose, isomaltotriose,
kojibiose, nigerose and trehalose. Fractions carrying products of interest were pooled

and then lyophilized at -50 °C, 0.7 mbar and 24 h or until it was completely dried.
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CHAPTER 111

RESULTS

3.1 Sequence analysis of a—glucosidase from Weissella confusa BBK-1

The nucleotide sequence of WcAG gene was found to be 1,775 bps (Figure 3.1)
which could be deduced into 593 amino acids (Figure 3.2). ProtParam tool program
(http://web. expasy.org/protparam/) was used to calculate molecular weight and pl of
protein. pl and molecular weight of WcAG were 4.75 and 62 kDa, respectively. Amino
acid sequence of WCAG was blasted (https://www.nchi.nlm.nih.gov/) and aligned using
ClustalW program (http://www.ebi.ac. uk/ Tools/). Blast results of WCAG sequence
showed 97% identity to a-glucosidase from W. confusa (WP_056973603.1), 96%
identity to neopullulanase from Streptococcus pneumonia ( COI29563.1) and 96%
identity to neopullulanase from W. confusa (SJX69567.1). The results from structural
sequence analysis revealed that WCAG contained two domains including alpha amylase
at N-terminal ig- like domain on amino acid residue 2-128 and alpha-amylase catalytic

domain on amino acid residue 142-518, as indicated by Figure 3.3.


http://web.expasy.org/protparam/
https://www.ncbi.nlm.nih.gov/
http://www.ebi.ac.uk/Tools/
https://www.ncbi.nlm.nih.gov/protein/949535976?report=genbank&log$=prottop&blast_rank=2&RID=FJ9BKF72014
https://www.ncbi.nlm.nih.gov/protein/895508843?report=genbank&log$=prottop&blast_rank=1&RID=FJ9BKF72014
https://www.ncbi.nlm.nih.gov/protein/1149533351?report=genbank&log$=prottop&blast_rank=3&RID=FJ9BKF72014
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CCATGGGCAACCTAGCAGGTATTATGCACCGTCCCGACAGTGAGATGGCGTACG
TCGTGAACGAGCAAACCGTTAATATTCGCCTGCGGACTGCCAAAGACGATATCG
TTAGCGTTGAATTATTAGCAGGTGATCCTTACAGTTTGCGGAGCTTGCCGACTG
ATGAAAAGTTCTACCAAGTGCCAAAGCAGATGACCAAGATTATGTCAGATGGGA
TTTCTGATTTCTGGCAGGTGACGGTGACCGAGCCGAAGCGGCGGTTAGCATATG
CCTTCCTAGTGACTGATATGCTCGGTATCCAGAAAATTTATAGTGACAAAGGCT
TCTTTAAAGTAGCTGATGCCGATTTAATGGATATGAACTTTTACTTTCGCATGC
CGTTTTTTCAAACGATTGATCAGTACAACGCCCCGGAATGGGTGACCGATACGG
TTTGGTATCAAATCTTTCCAGAGCGGTTTGCAAACGGGGATGTATCAAATGATC
CGGTAGGCACGAAGCCTTGGGATTCAACGGATCATCCGGGTCGTGAAGATTTTT
ATGGTGGTGACTTGCAAGGAATTTTGGACCATTTGGACCACTTGCAAGAACTTG
GGATTTCAGGTATCTATTTGAATCCAATCTTCCAAGCGCCATCGAATCACAAAT
ATGACACGCAAGATTATATGACGGTGGACCCACACTTCGGGGATGCCAAGTTGT
TTAAGCAACTTGTTCAAGCAGCGCATGAACGTGGCATTCGCGTCATGTTGGATG
CGGTCTTCAATCACATTGGTGACAAGTCAGTGCAGTGGCAGGATGTGTTAAAGA
ACGAGCAAGCATCACCATATGCGGACTGGTTCCACATTCATCAGTTCCCAGCAA
CGTACACACCAACCGACAACTTTGAATTTGCAGCTGATGCAACGTATGACACGT
TTGACTACACGCCACACATGCCAAAGCTGAATACAAGTAATCCGGAAGTGGTTG
ATTATTTGTTGAACATTGCGACGTATTGGGTTAAAGAATTTGATATTGATGCTT
GGCGTCTAGATGTTGCCAATGAAATTGATCATCATTTCTGGCGTAAATTCCACG
ATGCGATGATGGCATTGAAACCTGATTTTTACATTCTAGGTGAGATTTGGCACA
CATCGCAGAGCTGGTTGGTCGGCGATGAATTTACAGCCGTTATGAACTACAGTT
ACACCGGCGCCATTCTCCAATATTTCTTGGAAAATGAGTCAGCAGATGCATTAG
TTCAAAAGATGAGCCATCAATTGATGTTGTACCGTGATGCAACGAACCGCATGA
TGTTTAACACGGTGGATTCACACGATACGCCACGTTTGATGACCTTGGCGCATG
AAGATAAGCAACTAGCGAAAAGCATTCTCACATTTACCTTCATGCAACCAGGTG
TTCCATCAATCTACTATGGAACAGAATACGGTATGACCGGGGAGAATGATCCTG
ACGATCGCAAGCCGATGGTTTGGCAGCCAGAGTTACAAGACCATGATTTGTACG
ACTTTATGCAAAAATTAGTACAAGTCAGGCGCCAAGTCATTGCTAAGCTATCTG
ACGACAAAATTATCTTTGACGTGATTGGGGAACGTCAAATCCGATTGACGCGCG
AAGACAATCAAACGCGCATCGTTGGGGTATTCAACAATGGCACGACCGACTTAA
CAGTTGCGCAGCCAACAAGTATTTTGCTAAAAACAAATCAATCTGAGACGCAAC
TGGCACCAAACGACTTTATGATTTGGACCGAGCCAGTGCGCTGACTCGAG

Figure 3. 1 Nucleotide sequence of WCcAG gene with Ncol and Xhol restriction sites
(underlined), respectively. Bold three codons of ATG and TGA indicated start and stop

codon, respectively.



1 MGNLAGIMHRPDSEMAYVVNEQTVNIRLRTAKDDIVSVEL 40
41 LAGDPYSLRSLPTDEKEFYQVPKQOMTKIMSDGISDEWQVTV 80
81 TEPKRRLAYAFLVTDMLGIQKIYSDKGFFKVADADLMDMN 120
121 FYFRMPFFQTIDQYNAPEWVTDTVWYQIFPERFANGDVSN 160
161 DPVGTKPWDSTDHPGREDFYGGDLOQGILDHLDHLQELGIS 200
201 GIYLNPIFQAPSNHKYDTQDYMTVDPHFGDAKLFKQLVQA 240
241 AHERGIRVMLDAVENHIGDKSVQWQDVLKNEQASPYADWE 280
281 HIHQFPATYTPTDNFEFAADATYDTFDYTPHMPKLNTSNP 320
321 EVVDYLLNIATYWVKEFDIDAWRLDVANEIDHHFWRKEFHD 360
361 AMMALKPDFYILGEIWHTSQSWLVGDEFTAVMNYSYTGAI 400
401 LQYFLENESADALVQKMSHQLMLYRDATNRMMENTVDSHD 440
441 TPRLMTLAHEDKQLAKSILTEFTEMQOPGVPSIYYGTEYGMT 480
481 GENDPDDRKPMVWQPELQDHDLYDEMOKLVQVRRQVIAKL 520
521 SDDKIIFDVIGERQIRLTREDNQTRIVGVENNGTTDLTVA 560
561 QPTSILLKTNQSETQLAPNDEMIWTEPVRLENH 593

Figure 3. 2 Deduced amino acid sequence of WCAG.
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[+ Aamy smartd0642  Alpha-amylase domain; 147-259 2.15e-35
[+ Alpha-amylase N pfam02903  Alpha amylase, N-terminal ig-like domain; 3128 1.52e-34
[+ trehalose_treC TIGR02403  alpha,alpha-phosphotrehalase; Trehalose is a glucose disaccharide that serves in many ... 135-480 9.57e-30
[+ E_set_CDase_PDE_N cd02857 N-terminal Early set domain asseciated with fhe catalytic domain of cyclomaltodexirinase and ... 7127 7.67e-23

Blast search parameters
Data Source: Live blast search RID = REWFUMHS01R
User Options: Database: COSEARCH/cdd v3.16 Low filter: no Cy

Based Adj yes E-value om il number of hits: 500

Figure 3. 3 Structural analysis of WcAG sequence.
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The result of multiple sequence alignment of WCAG comparing to other
a—glucosidase producing organisms in GH family 13 showed 4 short conserve regions
and p—a loop 4 of a—glucosidase as indicated by Figure 3.4. In addition, phylogenetic
tree constructed from multiple sequence alignment of WCAG showed that WCAG
closely related to a- glucosidase from Danaus plexippus ( EHJ74127.), and o-
glucosidase from Anopheles darlingi (ETN58833.1). However, WcAG was far related
to other a-glucosidases producing organisms such as Hisliotis discus hannai
(BANG67474.1), Homo sapiens (ABI53718.1), Kalmanozyma brasiliensis GHG001
(XP_016294356.1), Pseudozyma hubeiensis SY62 (GAC98011.1)and Pyrobaculum
arsenatieum DSM 13514 (ABP51590.1). Region I, 11, 11l and IV are conserved region

of His, Arg, Glu and His residues, respectively.

Region |
W. confusa AAHERGIRVMLDAVFNHEGDKSVQWQDVLKNEQASPYADWFHIHQFPATY - - - - - TPTDN
Apis mellifera AGase 11 RAKSLGLKVILLDFVPNHESHEH- PWFKKSVQ-RIKPYDEYYVWRDARIV - -NGTRQPPNN
Halomonas sp.H11 AGase CtIMGAM KAHSLGLKVMIDQVISHF SDQH-PWFQESRQNRTNPKADWFVWADPKPDG- - - - - TPPNN

KTHKLGMKFLTDLVINHESSEH-EWFKESRSSKTNPKRDWF FWRPPKGYDAEGKPIPPNN
KTHKLGMKFLTDLVINHESTEH- EWFKESRSSKTNPKRDWF FWRPPKGYDAEGKPIPPNN
QAKMRGIKIIMDLVVNHFSDEH-AWFIEAREHPDSSERDYYIWCD--=======~~ QPND

Saccharomyces cerevisiae isomaltase
Saccharomyces cerevisiae maltase

Streptococcus mutans DG

Lactobacillus acidophilus DG KAKEHHIKIMMDLVVNHF SDQH - KWFVEAKKGKDNQYRDYYIWRDPY-DE- - - -~ HEPND
Geobacillus stearothermophilus AGase ~ QAHRRGLKI[LLDLVINHF SDEH-PWF IESRSSRDNPKRDWYIWRDGK -DG - - - - - REPNN
Geobacillus sp. HTA426 AGase QAHRRGLKVILLDLVINHFSDEH-PWFIESRSSRONPKRDWY IWRDGK -DG- - - -~ REPNN
Bacillus subtilis O16G EVHKRGMK IVMDLVVNHF SDEH- AWFAESRKSKDNPYRDYYLWKDPKPDG- - - - - SEPNN
h EMHERNMK LMMDLVVNHF SDEH-NWF IESRKSKDNKYRDYYIWRPGK - EG- - - - - KEPNN
Bacillus cereus 016G EVHARGMK LMD LVANHF SDEH- PWF TESRSSRDNPYRDWY IWRDPK -DG- - - - = REPNN
Bacillus sp. SAM1606 AGase 3 RN s . % B ik
Region Il
W. confusa FEFAA--==-====- DATYDTFDYTPHMPKLNTSNPEVVDYLLNI -ATYWVKEFDIDAWR
Apis mellifera AGase Il WLSVFWGSAWQWNEERKQYYLHQFATGQPDLNYRSAALDQEMKNV - LTFWM-NRGVPGFR
Halomonas sp.H11 AGase CtMGAM WLSIFGGSAWTFDSRRQQYYLHNFLTSQPDVNFHHPEARQAQLDN-MRFUL -DLGVDGFR
Saccharomyces cerevisiae isomaltase WKSYFGGSAWTFDEKTQEFYLRLFCSTQPDLNWENEDCRKAIYESAVGYWL -DHGVPGFR
Saccharomyces cerevisiae maltase WKSFFGGSAWTFDETTNEFYLRLFASRQVDLNWENEDCRRAIFESAVGFWL -DHGVPGFR
Streptococcus mutans DG LESIFGGSAWQYDDKSDQYYLHFFSKKQPDLNWENANLRQKIYDM-MNFWI -DKGIGGFR
Lactobacillus acidophilus DG LKSAFSGSAWKYDERSGQYYLHF FADQQPDLNWQNTELRQKIYNM-MNFWL -DKGIGGFR
Geobacillus stearothermophilus AGase ~ WESIFGGSAWQYDERTGQYYLHLFDVKQPDLNWENSEVRQALYDM- INWWL -DKGIPGFR
Geobacillus sp. HTA426 AGase WESIFGGSAWQYDERTGQYYLHIFDVKQPDLNWENSEVRQALYEM-VNWWL -DKGIPGFR

Bacillus subtilis 016G
Bacillus cereus 016G
Bacillus sp. SAM1606 AGase

WGSIFSGSAWTYDEGTGQYYLHYFSKKQPDLNWENEAVRREVYDV-MRFWM-DRGVIE
WGAAFSGSAWQYDEMTDEYYLHLFSKKQPDLNWDNEKVRQDVYEM-MKFWL -EKGI
WLSYFSGSAWEYDERTGQYYLHLFSRRQPDLNWENPKVREAIFEM-MRFWL -DKGI

% oo o .

PGWR
PGFR
PGFR
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Halomonas sp.H11 AGase CtMGAM
Saccharomyces cerevisiae isomaltase
Saccharomyces cerevisiae maltase
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Lactobacillus acidophilus DG
Geobacillus stearothermophilus AGase
Geobacillus sp. HTA426 AGase
Bacillus subtilis 016G
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Saccharomyces cerevisiae isomaltase
Saccharomyces cerevisiae maltase
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Apis mellifera AGase I1

Halomonas sp.H11 AGase CtMGAM
Saccharomyces cerevisiae isomaltase
Saccharomyces cerevisiae maltase
Streptococcus mutans DG
Lactobacillus acidophilus DG
Geobacillus stearothermophilus AGase
Geobacillus sp. HTA426 AGase
Bacillus subtilis 016G

Bacillus cereus 016G

Bacillus sp. SAM1606 AGase

Region Il B0 Loop 4
LDVANEIDHH= ==« ceecsemmmemoccmccacnaanamsnmemanshen FWRKFHDAM
IDAINH)IFEDARLLDEPSANRTDLSKD- - - - - - DYESLVHLYTRDQSETYDVLRSWRNLM
LDTVNF}YFHDAELRDNPPVPKGEAKTLGAPEANPY TWQRHVYDL SRPENLDF LKDLRAL -
IDVGSLYYSKVVGLPDAPVVDKNSTHQSS - = = = == === - - DPYTLNGPRIHEFHQEMNQFI
IDTAGLYSKRPGLPDSPIFDKTSKLQHP === - - -~~~ NWGSHNGPRIHEYHQELHRFM
MDVIOME - -HIVSNGPKLHAYLKEMNAA-
MDVIELE - -NIRENGPMLHPYLQEMNKA-
IDATSHIKKKPGLPDLPNPKG-LKYVPS ===~~~ ==~ FAAHMNQPGIMEYLRELKEQ-
IDATSHIKKKPGLPDLPNPKG-LKYVPS -~ ==~~~ FAGHMNQPGIMEYLRELKEQ-
MDVIGSSKYTDFPDYETDHS -RSYIVG= == == = === == = RYHSNGPRLHEF IQEMNRE -
MDVINFI SKEEGLPTVET-EE-EGYVSG-------==== HKHFMNGPNIHKYLHEMNEE -
MDVINAY AKAEGLPDAPARPG-ERYAWG- - - - = = == === GQYFLNQPKVHEYLREMYDK -
Ay :
Region Il

------ SQSW- -~ ~LVGD- - EFTAVMNYSYTGAILQYFLENES -
DEHSNRTNSDP - FNLTIKYYKSGSTVPFNFMFIADLN=========-=--
------ MDEYPG]TTVGEIGDPNPLERMAEYTAGGDKLHMAYTFDLLNMPHSA- - - - - - -
- - ~RNRVKDGRE JMTVGEMQHASDE TKRLY TSASRHELSELFNFSHTDVGTSPL - - - FRY
- - ~KNRVKDGRE JMTVGEVAHESDN- - ALYTSAARYEVSEVFSFTHVELGTSPF - - - FRY

TPEIAKQYSNPVNHE LSMVFQF EHIGLQHKP - - EAPKW
TPKIAEEYSDPDRHELSMVFQF ENQSLDQQP - -GKEKW
VDEAEQWVGEENGVFHMIFQF EHLGLWKRKAD=- - - -~
VDEAEQWVGEENGVFNMIFQF EHLGLWERRAD = = - -~
DIEEAKKYTDASRQELNMIFTFEHMDIDKEQNSPNGKW
TEEAKLYTGEERKELQMVFQF EMMDLDSG- - - EGGKW

Region |

---NQSTASDFKQLID-RWWVANVP-NGSVT
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-=--GSIDVRRLKRTLT-KWQKGLE -NRGWNA
QI-KPFDLIALKKTMT -RWQTGLM-NVGWNT!
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V

PRVISRWGNDQ-EYRVQCAKM
PRSVSTWGMNDR - EYWAESAKA

PRAVSRFGMNDG-PYRVESAKM
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Figure 3. 4 Multiple sequence alignment of WCAG comparing to a—glucosidases from

other organisms

e HBGII, Apis mellifera AGase 11 (GenBank ID: BAE86927.1);

e HaG, Halomonas sp. H11 AGase CtMGAM (GenBank 1D: BAL49684.1);

e ScO16G, Saccharomyces cerevisiae isomaltase (GenBank ID: BAAQ07818.1);

e ScaG, S. cerevisiae maltase (GenBank ID: CAA85264.1);

e SmDG, Streptococcus mutans DG (GenBank ID: BAE79634.1);

e LaDG, Lactobacillus acidophilus DG (GenBank ID: AAV42157.1);

e GstaG, Geobacillus stearothermophilus AGase (GenBank ID: BAA12704.1);
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e GsaG, Geobacillus sp. HTA426 AGase (GenBank ID: BAE48285.1);

e BsO16G, Bacillus subtilis 016G (GenBank ID: CAB15461.1);

e BcO16G, Bacillus cereus 016G (GenBank ID: CAA37583.1);

e BSAMagG, Bacillus sp. SAM1606 AGase (GenBank ID: CAA54266.1).
An asterisk (*) indicates positions which have a single, fully conserved residue, (.)
indicates some conservation and (:) indicates conservation between groups of strongly
similar properties.

BAN67474.1_alpha-glucosidase_Haliotis_discus_hannai
ABI53718.1_alpha-glucosidase_Homo_sapiens
XP_016294356.1_alpha-glucosidase_Kalmanozyma_brasiliensis_GHGOO1
GACY8011.1_alpha-glucosidase_Pseudozyma_hubeiensis_SY62
ABP51590.1_Alpha-glucosidase_Pyrobaculum_arsenaticum_DSM_13514
CAX75462.1_alpha-glucosidase_Schistosoma_japonicum
ALS55547.1_alpha-glucosidase_Xanthophyllomyces_dendrorhous
GAT19445.1_alpha-glucosidase_Aspergillus_luchuensis
WP_023899700.1_alpha-glucosidase_Cronobacter_malonaticus
WP_000380846.1_alpha-glucosidase_Escherichia_coli
BAT45854.1_alpha-glucosidase_Escherichia_albertii
AFE60350.1_alpha-glucosidase_Rahnella_aquatilis_HX?2
WP_006808722.1_alpha-glucosidase_Enterobacter_hormaechei
WP_049921724.1_alpha-glucosidase_Halopiger_djelfimassiliensis
ADB62861.1_Alpha-glucosidase_plasmid_Haloterrigena_turkmenica_DS
ABWO02515.1_Alpha-glucosidase_Caldivirga_maquilingensis_IC-167
CAF31354.1_alpha-glucosidase_precursor_Saccharomycopsis_f{ibulige
CRG83122.1_alpha-glucosidase Talaromyces_islandicus
EDP03143.1_alpha_glucosidase_Chlamydomonas_reinhardtii
BAB43946.1_alpha-glucosidase_Schizosaccharomyces_pombe
CAA39501.1_alpha-glucosidase_Pseudozyma_tsukubaensis
ADM27156.1_Alpha-glucosidase_lgnisphaera_aggregans_DSM_17230
EED8&0090.1_alpha-glucosidase_Postia_placenta_Mad-698-R
ETN58833.1_alpha-glucosidase_Anopheles_darlingi
Alpha-glucosidase_Weissella_confuse_BBK-1
EHI74127.1_alpha-glucosidase_Danaus_plexippus

Figure 3. 5 Phylogenetic tree showed the relationship of WcAG with others organisms.
The number in red, represent evolutionary distance calculated from bootstrapping
value. These are generally numbers between 0 and 1. A high value means that there is

strong evidence indicated that the sequences are similar.
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3.2 Expression of a—glucosidase from Weissella confusa BBK-1
3.2.1 Transformation of recombinant pET28WcAG plasmid

The recombinant pET28WCcAG plasmid was transformed into expression host
E. coli BL21(DE3) by CaCl> method. Recombinant plasmids harboring WcAG gene
were extracted and digested with Ncol and Xhol, aiming to confirm the presence of gene
in the expression host.
3.2.2 Optimization of WCAG expression

WCAG was expressed in E. coli BL21 (DE3). One percent (v/v) of cell culture
was inoculated into 100 ml of LB medium containing 30 pl/ ml kanamycin and
continued cultured at 37 °C with 250 rpm shaking until the optical density at 600 nm
reached 0.4-0.6. To optimize the expression of WCAG, the effects of major factors
including temperature, concentration of IPTG and expression time, were varied. The
results were shown as follows.
3.2.2.1 Expression of WCAG under 1 mM IPTG induction at 30 °C and 37 °C, 250
rpm.

The expression level of WCAG was obviously higher in insoluble protein than
soluble protein when induced with 1 mM IPTG both at 30 and 37 °C as shown in Figure

3.6 (A) and (B).
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Figure 3. 6 (A) 10% SDS-PAGE of WcAG expressed at 30 °C, 1 mM IPTG induction
at 0 to 24 h. (B) 10% SDS-PAGE of WcAG expressed at 37 °C, 1 mM IPTG induction
at 0to 24 h.
Lane M (A and B) = Protein molecular weight marker (Amershame Bioscience, USA),
S = Soluble fraction, I = Insoluble protein and number = induction time (h)
*red arrow indicated the expected WCAG size of 62.0 kDa.
3.2.2.2 Expression of WCAG under 0.1, 0.5, 1 mM IPTG induction at 30 °C, 250
rpm.

The result showed that the expression level of WcAG was obviously higher in
insoluble protein than soluble protein when the concentrations of IPTG was increased

as shown in Figure 3.7 (A), (B) and (C).
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Figure 3. 7 (A) 10% SDS-PAGE of WCAG expressed at 30 °C, 0.1 mM IPTG induction
at 0to 24 h. (B) 10% SDS-PAGE of WcAG expressed at 30 °C, 0.5 mM IPTG induction
at 0 to 24 h. (C) 10% SDS-PAGE of WcAG expressed at 30 °C, 1 mM IPTG induction
at 0to 24 h.

Lane M (A, B and C) = Protein molecular weight marker (Amershame Bioscience,
USA),

S = Soluble fraction, I = Insoluble protein and number = induction time (h)

*red arrow indicated the expected WCAG size of 62.0 kDa.
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3.2.2.3 Expression of WCAG under 0.1, 0.5, 1 mM IPTG induction at 16 °C, 250
rpm.

WCAG was expressed in insoluble form with no expression in soluble form
when temperature was decreased to 16 °C and the concentration of IPTG was at 0.1,

0.5 and 1 mM as shown in Figure 3.8 (A), (B) and (C).
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2.0 97.0 bt sz rsms_ - B
96.0 66.0 w— .;.-_i_: b v
450 450 [ -8 e -

= =8 & & _ -_
30.0 300 - e

20.1

201 | . = r 7y

kDa M 1o So 4 Ss le Sg los Sps

97.0 [ — . ' =

- S-Savies

450 W -o—: -— —

30.0 -:: = st’f'
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Figure 3. 8 (A) 10% SDS-PAGE of WCcAG expressed at 16 °C, 0.1 mM IPTG induction
at 0to 24 h. (B) 10% SDS-PAGE of WcAG expressed at 16 °C, 0.5 mM IPTG induction
at 0 to 24 h. (C) 10% SDS-PAGE of WcAG expressed at 16 °C, 1 mM IPTG induction
at 0to 24 h.

Lane M (A, B and C) = Protein molecular weight marker (Amershame Bioscience,

USA),

S = Soluble fraction, I = Insoluble protein and number = induction time (h)

*red arrow indicated the expected WcAG size of 62.0 kDa.
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3.2.2.4 Expression of WcAG with addition of 1% glucose under 1 mM IPTG
induction at 16 °C, 150 rpm.

To increase the expression level of WCAG in soluble form, 1% (w/v) of glucose
was added into LB medium. It was found that the expression of WCAG in soluble form

was increased as shown in Figure 3.9 (A) and (B).
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| 3 -— !

450 e (i —— i i == G s 45.0
35.0 a3 35.0
25.0 25.0

—_— — — e

Figure 3. 9 (A) 10% SDS-PAGE of WcAG expressed at 16 °C, 1 mM IPTG induction
at 0 to 20 h. (B) 10% SDS-PAGE of WcAG expressed at 16 °C, 1 mM IPTG induction
at 24 h.
Lane M (A and B) = Protein molecular weight marker (Bio Basic, Canada),
S = Soluble fraction, I = Insoluble protein and number = induction time (h)
*red arrow indicated the expected WCAG size of 62.0 kDa.
3.2.2.5 Expression of WcAG with addition of 1% glucose under 0.4 mM IPTG
induction at 12 °C and 20 °C, 150 rpm.

To increase the expression level of WCAG in soluble form, 1% (w/v) of glucose
was added into LB medium and temperatures were then varied at 12 °C and 20 °C with
150 rpm shaking. SDS-PAGE showed that the WCAG was expressed as soluble protein

when cultivating was at 20 °C as shown in Figure 3.10 (B).
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Figure 3. 10 (A) 10% SDS-PAGE of WCAG expressed at 12 °C, 0.4 mM IPTG induction
at 0to 24 h. (B) 10% SDS-PAGE of WcAG expressed at 20 °C, 0.4 mM IPTG induction
at 0to 24 h.
Lane M ( A and B) = Protein molecular weight marker (Bio Basic, Canada),
S = Soluble fraction, I = Insoluble protein and number = induction time (h)
*red arrow indicated the expected WCAG size of 62.0 kDa.
3.2.2.6 Expression of WcAG with addition of 1% glucose under 0.1 and 0.4 mM
IPTG induction at 25 °C, 150 rpm.

The concentrations of IPTG were varied at 0.1 and 0.4 mM under WcAG
expression at 25 °C, 150 rpm shaking with addition of 1% (w/v) glucose. SDS-PAGE
showed that the expression of soluble WcAG was increased after induced with 0.4 mM

IPTG at 25 °C as shown in Figure 3.11 (B).
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Figure 3. 11 (A) 10% SDS-PAGE of WCAG expressed at 25 °C, 0.1 mM IPTG induction
at 0to 24 h. (B) 10% SDS-PAGE of WcAG expressed at 25 °C, 0.4 mM IPTG induction
at 0 to 24 h.

Lane M ( A and B) = Protein molecular weight marker (Bio Basic, Canada),

S = Soluble fraction, I = Insoluble protein and number = induction time (h)

*red arrow indicated the expected WCAG size of 62.0 kDa.

3.2.2.7 Expression of WcAG with addition of 1% glucose under 0.1, 0.2 and 0.4
mM IPTG induction at 20 °C, 150 rpm.

The expression of WcAG was further improved by varying final IPTG
concentrations of 0.1, 0.4 and 1 mM under cultivation at 20 °C, 150 rpm, supplemented
with 1% (w/v) glucose. Figure 3.12 (F) indicated that the expression of soluble WcAG
was successfully increased under the condition of 0.4 mM IPTG at 20 °C for 20 h with

1% (w/v) glucose adding.
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Figure 3. 12 (A and B) 10% SDS-PAGE of WcAG expressed at 20 °C, 0.1 mM IPTG

induction at 0 to 24 h. (C and D) 10% SDS-PAGE of WcAG expressed at 20 °C, 0.2

mM IPTG induction at 0 to 24 h. (E and F) 10% SDS-PAGE of WcAG expressed at 20

°C, 0.4 mM IPTG induction at 0 to 24 h.

Lane M (A, B, C, D, E and F) = Protein molecular weightmarker (Bio Basic, Canada),

S = Soluble fraction, I = Insoluble protein and number = induction time (h)

*red arrow indicated the expected WcAG size of 62.0 kDa.
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3.2.3 Optimization of WCAG gene expression using chemicals

In order to obtain the highest amount of soluble WcAG, effects of chemical
agents including L-arginine, D-sorbitol, TritonX-100 and Tween-20 were investigated.
3.2.3.1 Expression of WcAG with addition of 0.1 and 0.25 mM L-arginine, 0.1 and
0.5 mM D-sorbitol, 0.5 mM TritonX-100 and 0.1 mM Tween-20 under 0.4 M IPTG
induction at 20 °C, 150 rpm

The results showed that the expression level of WcAG was obviously higher in
insoluble protein than soluble protein at 20 h when any chemical agents including L-
arginine, D-sorbitol, TritonX-100 and Tween-20 were added. Figure 3.13 (A) - (F)
show that using chemicals for WCAG expression can not increase solubility in soluble
fraction compare with optimum expression condition at 20 °C, 0.4 mM IPTG as shown

in Figure 3.12 (E and F).
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Figure 3. 13 (A) 10% SDS-PAGE of WcAG expressed at 20 °C with 0.1 mM L-arginine,
0.4 mM IPTG induction at 0 to 24 h. (B) 10% SDS-PAGE of WcAG expressed at 20
°C with 0.25 mM L-arginine, 0.4 mM IPTG induction at 0 to 24 h. (C) 10% SDS-PAGE
of WCAG expressed at 20 °C cultivation with 0.1 mM D-sorbitol, 0.4 mM IPTG
induction at 0 to 24 h. (D) 10% SDS-PAGE of WcAG expressed at 20 °C cultivation
with 0.5 mM D-sorbitol, 0.4 mM IPTG induction at 0 to 24 h. (E) 10% SDS-PAGE of
WCAG expressed at 16 °C with 0.5 mM TritonX-100, 0.4 mM IPTG induction at 0 to
24 h. (F) 10% SDS-PAGE of WCAG expressed at 16 °C with 0.1 mM Tween-20, 0.4
mM IPTG induction at O to 24 h.

Lane M (A, B, C, D, E and F) = Protein molecular weight marker (Bio Basic, Canada),
S = Soluble fraction, I = Insoluble protein and number = induction time (h)

*red arrow indicated the expected WCAG size of 62.0 kDa.
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3.2.4 Scale-up of WcAG expression and crude extract preparation

E. coli BL21 (DE3) carrying recombinant WCAG plasmid was cultured in 2 L
of LB medium containing 30 pg/ml of kanamycin. One percent (w/v) of glucose was
added to the medium. The cultivation was at 20 °C using 0.4 mM IPTG for 20 h with
150 rpm shaking. Cells were then harvested and resuspended in extraction buffer before
they were disrupted by sonication. In this step, volume of phosphate buffer pH 7.4 and
concentration of Triton-X100 in extraction buffer were varied. Then supernatant was
assayed by hydrolytic activity as described in section 2.9.1.
3.2.4.1 Expression of WCAG with addition of 1%(w/v) glucose under 0.4 mM IPTG
induction at 20 °C, 150 rpm. Varying volume of 50 mM phosphate buffer pH 7.4.

SDS-PAGE showed that WCAG was expressed as insoluble protein higher than
the soluble protein as indicated by Figure 3.14. To increase expression level of WCAG
in soluble fraction, volume of 50 mM phosphate buffer pH 7.4 was varied for
resuspened WcAG before sonication. However, the optimum condition for stabilizing
WCAG was at using 200 ml of 50 mM phosphate buffer pH 7.4 per cell culture in 1 L

of LB medium.
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Figure 3. 14 10% SDS-PAGE of WcAG expressed at 20 °C, 0.4 mM IPTG induction at
20 h and resuspended in 50-500 ml of 50 mM phosphate buffer pH 7.4/cell culture in 1
L of LB medium.

Lane M = Protein molecular weight marker (Bio Basic, Canada),

S = Soluble fraction, I = Insoluble protein and number = volume of 50 mM phosphate

buffer pH 7.4 (ml)
*red arrow indicated the expected WCAG size of 62.0 kDa.
3.2.4.2 Expression of WcAG with addition of 1 % glucose under 0.4 mM IPTG
induction at 20 °C, 150 rpm. Varying concentration of Triton-X100 in extraction
buffer.

The optimum condition for WCAG expression as soluble form was using 0.1%

Triton-X100 in 200 ml of 50 mM phosphate buffer pH 7.4 per cell culture in 1 L of LB

medium.
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Figure 3. 15 10% SDS-PAGE of WcAG expressed at 20 °C, 0.4 mM IPTG induction at
20 h and resuspended in 0.01-1% of Triton-X100. Red arrow indicated the expected
WCAG size of 62.0 kDa.
Lane M: Protein molecular weight marker (Bio Basic, Canada)
(S; Soluble fraction, I; Insoluble protein and number; concentration of Triton- X100
(%viv))
3.3 Purification of WCAG
3.3.1 Purification of WcAG by His-Trap column chromatography

The optimum expression of WCAG was carried out by cultivating at 20 °C for
20 h with 0.4 mM IPTG and 1% (w/v) of glucose at 20 °C. In this research, Ni
Sepharose™ 6 Fast Flow column, an affinity column that has specificity toward
Histidine tag (His-tag) protein, was used to purify this protein. WcAG was purified by
stepwise purification at 100 mM imidazole (Figure 3.16A) and 50 mM phosphate buffer
pH 7.4 as described in section 2.7. The results from SDS-PAGE revealed that a single
band of WCAG was obtained with estimated size of 62 kDa when the protein was eluted
by 100 mM imidazole (Fugure 3.16). Then, the purified WCAG was confirmed by
Western blot to detect a C-terminal polyhistidine (6xHis) of WCAG fusion protein,
using 6x anti-His antibody and alkaline phosphatse-conjugate goat anti-rabbit 1gG as

primary and secondary antibody, respectively. The size of WCAG was detected by color
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development using NBT and BCIP (Fermentus). In Figure 3.17 B, although WcAG was
present as a single band in Lane 2, it was disappeared in crude extract (Lane 1). WCAG
was successfully purified by 2.93-fold with a specific activity of 45.29 U/mg (Table

3.1). Molecular weight of WcAG analysed by SDS-PAGE was present in Appendix 8.

A kpa M 1 2 3 4
116.0
662 = =
' © W 4 WCAG
450 LR
350 = -
250 w——
il B 1

Figure 3.16 A 10% SDS-PAGE analysis of WCAG purified by His-Trap column.
Lane M: protein molecular weight marker (Bio Basic, Canada)

Lane 1: crude extract (15 ug)

Lane 2: flowthrough fraction (15 pg)

Lane 3: fraction eluted with 50 mM imidazole (5 pg)

Lane 4: fraction eluted with 100 mM imidazole (5 ug)
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Figure 3.16 B Determining the molecular weight of WcAG by SDS-PAGE.
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Figure 3. 17 10% SDS-PAGE (A) and Western blot (B) analysis of WCAG.

Lane M: prestained protein molecular weight marker (Bio Basic, Canada)

Lane 1: crude extract (15 ug)

Lane 2: purified WcAG (5 pg)

*black arrow indicated purified WCAG with a size of 62 kDa.

WCcAG was successfully purified by 2.93 fold with a specific activity of 45.29

U/ mg. Calculation molecular weight of WcAG by SDS-PAGE was presented in

Appendix 9. The specific activity of WCAG crude extract was 15.45 U/mg as shown in

Table 3.1.



Table 3. 1 Purification table of WcAG by His-Trap column.
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Purification | Total protein | Total activity Specific Yield | Purification
steps (mg) V) activity (%) fold
(U/mg)

Crude

130.0 2008.00 15.45 100.00 1.00
enzyme
His-Trap

9.6 434.80 45.29 21.65 2.93
column

3.4 Characterization of WcAG

3.4.1 Enzyme assay by hydrolysis activity

Purified WcAG was used to determine hydrolysis activity as described in section

2.9.1. The specific activities of hydrolytic of WCAG was 45.29 U/mg as shown in Table

3.1.

3.4.2 Effect of temperature on hydrolysis activity

To determine the optimum temperature on WcAG activity, purified WCAG was

tested for hydrolysis activity assay at various temperatures (20, 25, 30, 35, 40, 45, 48,

50, 55, 60, 65 and 70 °C). Hydrolysis activity was measured by glucose oxidase method.

As illustrated by Figure 3.18, the optimum temperature of WcAG was at 50 °C.
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Figure 3. 18 Effect of temperature on hydrolysis activity. Purified WcAG was incubated

with 50 mM maltotriose in phosphate buffer pH 6.0 for 10 min at various temperatures.

Free glucose, by-product of the reaction, was detected by glucose oxidase method,

measuring at Asos

3.4.3 Effect of temperature on WcAG stability

To determine the effect of temperature on WcAG stability, purified enzyme was

pre-incubated at different temperatures (4, 30, 35, 40, 45, 50, 60, 70 and 80 °C) for 1 h

before examining residual hydrolysis activity by glucose oxidase method as described

in section 2.9.1. The results showed that the enzyme maintained 80% of its activity in

range of 4 to 40 °C. At higher temperature than 40 °C, the activity of WCAG was

dramatically dropped as shown in Figure 3.19.
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Figure 3. 19 Effect of temperature on WcAG stability assayed by hydrolysis method.
WCAG was pre- incubated at different temperatures for 1 h. Purified WCAG was
incubated with 50 mM maltotriose in phosphate buffer pH 6.0 for 10 min at 50 °C. Free
glucose, by- product of the reaction, was detected by glucose oxidase method,
measuring at Asos
3.4.4 Effect of pH on hydrolysis activity

The effect of pH on enzyme activity was investigated at different pHs of three
separate buffer systems as described in section 2. 9.5. Hydrolysis activity was
determined by glucose oxidase method as described in section 2.9.1. WcAG showed

the optimum pH at pH 6.0 of phosphate buffer as presented in Figure 3.20.



57

100 - .
;\3 - /i/ L\}
S 1 4 \
S
> 60 - / \
S | / \ \
'S / \ \
© 40 A / \ \
\
.Gé’ T / \\‘ \
% 20 4 / “‘ \\
c 7 / N
_—é |
O *— T T T T T T T T T T T 1
3 4 5 6 7 8 9
pH

Figure 3. 20 Effect of pH on hydrolytic activity. Purified WCAG was incubated with 50
mM maltotriose in buffers with various pHs for 10 min at 50 °C. Free glucose, by-
product of the reaction, was detected by glucose oxidase method, measuring at Asgs.
A — & — indicates acetate buffer pH 3-6 , a ----4=---indicates phosphate buffer
pH 6-8 and — - -m- — - indicates Tris-HCI pH 8-9.
3.4.5 Effect of pH on WCcAG stability

In order to determine the effect of pH on WcAG stability, purified WCAG was
pre-incubated in different buffers, pH ranging from 3.0 to 9.0, for 1 h before examining
residual hydrolytic activity by glucose oxidase method at 50 °C as described in section
2.9.1. The results revealed that WCAG can maintain 100% of its activity in phosphate
buffer pH range 7.0 to 8.0 while WCAG can keep approximately 80 % of its activity in
phosphate buffer pH range 6.0 to 7.0 and Tris-HCI pH 8-9. At phosphate buffer pH
range 5.0 to 6.0, activity of WcAG was dramatically reduced to 20-40 % of its activity

and continually decreased until lose of all activity at pH 3.0 as shown in Figure 3.21.
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Figure 3. 21 Effect of pH on WCAG stability assayed by hydrolytic method. WCAG was
pre-incubated at different temperatures for 60 min. Purified WCAG was incubated with
50 mM maltotriose in 50 mM phosphate buffer pH 6.0 for 10 min at 50 °C. Free glucose,
by-product of the reaction, was detected by glucose oxidase method, measuring at Asgs.
A — e — indicates acetate buffer pH 3-6 , a ----4-=--indicates phosphate buffer
pH 6-8 and — - m- — - indicates Tris-HCI pH 8-9.
3.4.6 lon effect on WcAG hydrolysis activity

To determine the effect of ion on WcAG activity, purified WCAG was incubated
with different ions before it was measured for hydrolysis activity by glucose oxidase
method as described in section 2.9.1. In this research, SPSS statistic program version
17.0 (https://en.freedownloadmanager.org/userschoice/Spss_Statistics17.0_Free.html)
was used for data analysis. Statistic significant difference at p-value of 0.01 was used.
The results revealed that Ca?"(A), Mg (G), K* and Na*(I) were group of ions which
had slightly positive effect with activity of WcAG (110-120% as compared to WCAG
activity without ions). Effect of K" and Na" () for WcAG activity was not significantly
different. In contrast, Zn?"(C), Cu?"(D) and Ni?"(F) were group of ions which had

negative effect on WCAG activity resulting in activity of 5-15% of the control. EDTA


https://en.freedownloadmanager.org/userschoice/Spss_Statistics17.0_Free.html
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(J) did not affect the acticity of WCAG. Besides, Co? (H), Mn?" and Fe?*(E) were group
of ions which decreased WCAG activity to 40% relative activity while Fe*" (V)
displayed 80% relative activity. Effect of Mn?" and Fe?" (E) for WCAG activity was not

significantly different as shown in Figure 3.22.

Relative activity (100%)

Non Ca Fe(ll} Zn Cu Fe(ll) Mn M Mg Co K Na EDTA
ion

Tons

Figure 3. 22 Effect of ions towards hydrolysis activity of WCAG. Bar graph calculated
from mean + S.D. of three replicates of hydrolysis activity. Activity of WCAG without
ion was set as 100%. The letters indicated significant differences accepted at p-value =
0.01.
3.4.7 Molecular weight determination of WcAG

Purified WCAG was sent off for molecular weight determination by gel
filtration. Hiprep 16/60 sephacryl S-200 High Resolution (GE Healthcare, England)
column was equilibrated with 50 mM Tris-HCI buffer (pH 7.4) and 50 mM NaCl for at
least 2 column volumes. Purified WCAG of 10 mg/ml was loaded onto the column and
eluted with ultrapure water at a flow rate of 0.5 ml/min. The molecular weight of the
enzyme was identified from molecular weight calibration curve derived from gel

filtration chromatographic profile as presented in Figure 3.23 (A). Purification profile
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of WcAG showed that WcAG was cluted at an elution time of 58 min. The molecular
weight of WCAG was 124 kDa as determined from standard curve (Figure 3.23 (B). So,
WCAG existed in soluntion as dimer protein. Calculation molecular weight of WcAG

by gel filtration was presented in Appendix 10.
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Figure 3.23 A Purification profile of WcAG by gel filtration. The x-axis indicated

elution time.

The y-axis indicated absorbance at 280 nm. A bold line (============ ) indicated WcAG

and a round dot ( ) line indicated protein marker. Thyroglobulin (bovine)(670
kDa ) , v- globulin ( bovine) ( 158 kDa) , WcAG (124 kDa) Ovalbumin

(chicken)(44 kDa)were eluted at 50.64, 57.84, 58,14 and 65.86 ml, respectively.
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Figure 3.23 B Calibration curve for determining molecular weight of WCAG by gel
filtration chromatography. X-axis represented Kaverage and Y-axis represented the log
molecular weight. Marker proteins; Thyroglobulin (bovine) (670 kDa ), y-globulin
(bovine) (158 kDa), Ovalbumin (chicken) (44 kDa), Myoglobin (horse) (17 kDa) and
Vitamin B12(1.35 kDa).
3.4.8 Half- life of WCAG

To identify half-life of WCAG, purified WCAG was pre-incubated in 50 mM
phosphate buffer pH 6.0 at 50 °C under varying times from 0-90 min before determining
residual hydrolysis activity by glucose oxidase method as described in section 2.9.2.
Half-life of WCAG was an incubation time that the enzyme contains 50% of its activity.
The results revealed that half- life of WCAG was at 15 min under 50 °C as presented in

Figure 3.24.
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Figure 3. 24 Half- life of WCAG assayed by hydrolytic method. WcAG was pre-
incubated at 50 °C for 10 min. Purified WcAG was incubated with 50 mM maltotriose
in phosphate buffer pH 6.0 at various times. Free glucose, by-product of the reaction,
was detected by glucose oxidase method, measuring at Asos
3.4.9 Substrate specificity of WCAG
3.4.9.1 Substrate specificity by hydrolytic activity of WCAG

Activity of WcAG was examined toward maltotriose (G3), maltotetraose (G4),
maltopentaose ( G5), maltohexaose (G6), pullulan, dextrin and para-nitrophenyl o-D-
glucopyranoside (pNPG). All substrates were assayed by hydrolysis activity. As shown
in Table 3.2, G3 was the best substrate for WCAG. The order of substrate specificity
was in order of G3>> G4>G5~G6>G2. WcAG displayed no activity on pullulan, dextrin

and pNPG. Calculation of substrate specificity was presented in Appendix 8.
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Table 3. 2 Substrate preference of WCAG?.

Substrate Relative activity (%)
50 mM Maltose (G2) 2.80 £ 0.00
50 mM Maltotriose (G3) 100.00 £ 0.04
50 mM Maltotetraose (G4) 26.25 £ 0.01
50 mM Maltopentaose (G5) 13.47 £0.01
50 mM Maltohexaose (G6) 15.20 £ 0.00
50 mM Maltoheptaose (G7) 0.45+0.00
1% Pullulan 0.00 £ 0.00
1% Dextrin 0.12 £ 0.00
1% Amylopectin 0.12£0.00
0.5 mM pNPG 0.25+0.00
50 mM Isomaltotriose 0.49 £ 0.00
50 mM Isomaltose 0.45 £ 0.00
2.5% Raffinose 0.29 £ 0.00
2.5% Cellobiose 0.21 £0.00
2.5% Melibiose 0.12 £ 0.00
2.5% Palatinose 0.45 £ 0.00

8 The a-glucosidase activity was assayed by measuring glucose released under reported

condition ( section 2.9.1).



64

3.4.9.2 Substrate specificity by TLC analysis.

Purified WcAG was incubated with 50 mM phosphate buffer pH 6.0 at different
times before investigating products hydrolysis activity reaction by TLC analysis as
described in section 2.9.2. The results showed that glucose and maltose were obtained
from the reaction. Maltotriose (G3) was the best substrate because it gave the highest
amount of glucose and maltose at every incubation time as shown in Figure 3.25 and

3.26.
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Figure 3. 25 TLC chromatogram of reaction product of WCAG incubated with maltose
(G2), maltotriose (G3) and maltotetraose (G4) as substrate. Solvent system was butanol
. acetic acid : water (3:3:2, v/v). Dash box indicated glucose, the product from
hydrolysis activity and square dot box indicated maltose, the product from hydrolysis
activity.

Lane M : Marker G1-G7

Lane 1-5: 0 min (Control), 15 min, 30 min, 45 min and 60 min incubation time of G2,
respectively.

Lane 6-10 : 0 min (Control), 15 min, 30 min, 45 min and 60 min incubation time of G3,
respectively.

Lane 11-15 : 0 min (Control), 15 min, 30 min, 45 min and 60 min incubation time of

G4, respectively.
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Figure 3. 26 TLC chromatogram of reaction product of WCAG incubated with
maltopentaose (G5), maltohexaose (G6) and maltoheptaose (G7) as substrate. Solvent
system was butanol : acetic acid : water (3:3:2, v/v). Dash box indicated glucose, the
product from hydrolytic activity and square dot box indicated maltose, the product from
hydrolytic activity.

Lane M : Marker G1-G7

Lane 1-5: 0 min (Control), 15 min, 30 min, 45 min and 60 min incubation time of G5,
respectively.

Lane 6-10 : 0 min (Control), 15 min, 30 min, 45 min and 60 min incubation time of G6,
respectively.

Lane 11-15 : 0 min (Control), 15 min, 30 min, 45 min and 60 min incubation time of

G7, respectively.
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3.4.10 Kinetic study of hydrolytic activity

In this research, kinetic parameters of WcAG were identified from hydrolysis
activity towards G2 and G3 as substrates. Kn and Vmax values were calculated from
Lineweaver- Burk plot. Line- weaver-burk plots of WCAG hydrolysis activity were
illustrated in Figure 3.27 (B) and 3.28 (B). All kinetic parameters were summarized in
Table 3.3. The Ky values of WCAG for G2 and G3 as substrate were 16.22 and 2.67
mM, respectively. The Vmax values of WcAG toward G2 and G3 were 0.357 and 6.821
mM, respectively. The kcat Of maltotriose was 19 time greater than maltose’s while

keaKm Of maltotriose was 115 time greater than maltose’s as presented in Table 3.3.

-l
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o [l N w ESN ol » ~ oo
T —— |\;_ T
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[Maltotriose] (mM)
Figure 3.27 A Michealis- Menten plot of WCAG hydrolysis activity using maltotriose as
substrate. The Km and Vmax values of WCAG for G3 as substrate were 2.67 mM and

6.821 mM, respectively.
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Figure 3.27 B Lineweaver-Burk plot of WcAG hydrolysis activity using maltotriose as

substrate.
06 -
< 05 [
L
= |
S 04 - T/‘ ‘
(@))
E 1 1
£ 03 AT
£ /]
) 1
o 0.2 A il
=
el |
>o 0.1 -_D,LL
Tl
0 jr T T T T T T T T T T T 1
0 50 100 150 200 250 300

[Maltose] (mM)

Figure 3.28 A Michealis-Menten plot of WCAG activity using maltose as substrate. The
Km and Vmax values of WCAG for G2 as substrate were 16.22 and 0.357 mM,

respectively.



69

40 -
. 25 ] y = 45.486x + 2.8033

—~ 5

(= ] R2=0.9438

2 30 -

e ]

o 25 -

£ 20 -

E 5 _ o

Z -~

>C> - O “.F T T T T T 1
S 01 55{) 0.1 0.2 0.3 0.4 05 0.6

1/[Maltose] (mM)-1

Figure 3.28 B Lineweaver-Burk plot of WCAG activity using maltose as substrate.
Table 3. 3 Summary of kinetic parameters of WCAG hydrolysis activity using maltose

and maltotriose as substrates.

Substrate
Kinetic parameter
Maltose Maltotriose

Km (MM) 16.22 2.67
Vmax (Lmole/min/mg protein) 0.357 6.821
Keat = Vimax/[E] (s2) 0.738 14.096
Keat/Kim (-mM)™ 0.046 5.279
Unit of enzyme from batch 1 (Unit) 11.856 10.061
Unit of enzyme from batch 2 (Unit) 12.163 11.530
[E] from batch 1 (mg protein/ml) 0.453 0.349
[E] from batch 2 (mg protein/ml) 0.603 0.331
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3.5 Optimization of transglycosylation reaction

In this work, enzyme concentration, temperature, substrate concentration, and
incubation times were optimized for transglycosylation reaction. The optimum
condition for the production of maltooligosaccharide was determined using maltose as
glucosyl donor and acceptor. The yield of products was considered from spot areas of
products at each condition. The optimum conditions were suggested from the spots size
on TLC plates.
3.5.1 Effect of temperature

Under condition described in section 2.10.1, the result indicated that yield of
product was increased when incubation temperature was increased from 18-37 °C. The
optimum temperature was at 37 °C as shown in Figure 3.29 (A), Lane 6 and Figure

3.29 (B), Lane 1.
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Figure 3. 29 (A and B) TLC of transglycosylated products for 0.04 U/ml and 0.4 U/ml
of WCAG incubated with 100 mM maltose for 16 h.

Lane M (A and B) : Marker G1-G7

Lane 1A : 0.5 pl of 200 mM glucose (2 times)

Lane 2A : 0.5 pl of 100 mM maltose (2 times)

Lane 3A : Control for 0.04 U/ml of WCAG

Lane 4A, 5A, 6A : transglycosylated products of 0.04 U/ml of WCAG incubated at 18,
30, 37 °C, respectively.

Lane 1B, 2B, 3B : transglycosylated products of 0.4 U/ml of WcAG incubated at 37,
30, 18 °C, respectively.

Lane 4B : Control for 0.4 U/ml of WcAG

*red boxs indicated products of interest from transglycosylation reaction.
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3.5.2 Effect of enzyme concentration

Effect of enzyme concentration on transglycosylation reaction was carried out
as mentioned in section 2.10.2. Transglycosylation reactions which contained 0.4 to 1.0
U/ml of WcAG give highest amount of product at the same level. Figure 3.30, Lane 3-
5 was not shown significantly different level of products. So, the optimum enzyme
concentration for transglycosylation of WcAG was 0.4 U/ ml because enzyme

concentration enough for catalyze the reaction (Figure 3.30, Lane 3).
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Figure 3. 30 TLC of transglycosylated products for various WCAG concentrations
incubated with 100 mM maltose at 37 °C for 16 h.

Lane M : Marker G1-G7

Lane 1, 2, 3, 4, 5, 6: transglycosylated products obtained from 0, 0.2, 0.4, 0.6, 0.8, 1.0
U/ml WCAG, respectively.

*red box indicated products of interest from transglycosylation reaction.
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3.5.3 Effect of substrate concentration

Effect of substrate concentration on transglycosylation reaction was
investigated as mentioned in section 2.10.3.The result showed that the yield of product
was increased when concentration of maltose was increased from 50 — 200 mM. The
maximum yield was obtained when 0.4 U/ml of WcAG was used to incubate with 200
mM maltose as shown in Figure 3.31 (A), Lane 8. When compared with different
enzyme concentration, maltotriose was a major product from incubating 200 mM
maltose with 0.04 U/ml WcAG. Meanwhile, maltotetraose was a major product from
incubating 200 mM maltose with 0.4 U/ml WcAG. The maximum product was obtained
from 200 mM of maltose incubated with 0.4 U/ml WcAG at 37 °C for 24 h as shown in

Figure 3.31 (B), Lane 8.
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Figure 3.31 A TLC of transglycosylated products for WcAG 0.4 U/ml incubated with
various maltose concentrations at 37 °C for 16 h.

Lane M : Marker G1-G7

Lane 1, 3, 5, 7 : Control for 50, 100, 150, 200 mM maltose, respectively.

Lane 2, 4, 6, 8 : transglycosylated products obtained from using 50, 100, 150, 200 mM
maltose, respectively.

*red box indicated products of interest from transglycosylation reaction.
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Figure 3.31 B TLC of transglycosylated products for 0.04 and 0.4 U/ml WcAG
incubated at 18, 30 and 37 °C for 24 h.

Lane M : Marker G1-G7

Lane 1 and 2 : transglycosylated products obtained from 100 mM glucose and 100 mM
maltose incubated with 0.04 U/ml WcAG at 18 and 37 °C, respectively.

Lane 3 and 4 : transglycosylated products obtained from 100 mM glucose and 100 mM
maltose incubated with 0.4 U/ml WcAG at 30 and 37 °C, respectively.

Lane 5: 0.5 pl of 50 mM maltose (2 times)

Lane 6, 7, 8 : transglycosylated products obtained from 0.4 U/ml WcAG incubated with
50, 100, 200 mM maltose at 37 °C, respectively.

*red boxs indicated products of interest from transglycosylation reaction.

*black boxs indicated effect of substrate concentration
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3.5.4 Effect of incubation time

Incubation times were varied to optimize the amount of transglycosylated
products as mentioned in section 2.10.4. The result showed that the yield of product
was significantly increased when incubation time was increased from 0-24 h. The

optimum incubation time was at 24 h as shown in Figure 3.32, Lane 11.

M 1 2 3 4 5 6 7 8 9 10 11 12

G1 -
2_3; A A R 2 LT
G4
G5
G6
G7

Figure 3. 32 TLC of transglycosylated products for 0.4 U/ml WcAG incubated with
200 mM maltose at 37 °C at various times.

Lane M : Marker G1-G7

Lane 1 - 11 : transglycosylated products obtained from 0, 1, 3, 6, 9, 12, 15, 16, 18, 21
and 24 h, respectively.

Lane 12 : 0.4 U/ml WcAG with no substrate

*red boxs indicateg products of interest from transglycosylation reaction.
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3.6 Large scale production and isolation of maltooligosaccharide products

Aiming for higher amounts of maltooligosaccharide products, the larger scale
production was prepared in 50 ml using optimum condition for transglycosylation
obtained from section 3.5. The products were analyzed by HPAEC-PAD. Profile of
crude products was shown in Figure 3.33 Four main peaks including I, 11, 11l and 1V

were observed at retention time (Ry) of 6.50, 11.30, 14.10 and 16.30 min, respectively.

200 e U I
| III
| II IV
o ——/LJ\—AM

T T
0 10.0 200 220 24.0
Retention Time [min]

Charge nC)
=]
2

Figure 3. 33 HPAEC-PAD chromatogram of crude maltooligosaccharide products.
3.7 Characterization of maltooligosaccharide products

The transglycosylated products were purified by Biogel P2 column. The
products were successfully eluted with distilled water. Each fraction was detected by
transglycosylation activity of WCAG. Fractions containing maltooligosaccharide were
then analyzed by TLC technique. The results showed that the products might be maltose
(G2), maltotriose (G3), maltotetraose (G4) and maltopentaose (G5) as shown in Figure

3.34.
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Figure 3. 34 TLC of purified transglycosylated products by Biogel P2 column
Lane M : Marker G1-G7
Lane 1-12 : Fractions number 27, 33, 36, 40, 38, 47, 50, 54, 56, 63, 69, 72, respectively
However, purified products were further analyzed by HPAEC. The results
showed that there were four main peaks observed on the HPAEC profile. Each peak
was identified by comparing to standard. It was found that peak I, eluted at a retention
time (Ry) of 6.50 min, was identified as isomaltose as shown in Figure 3.35. Next, peak
Il was a panose eluted at Rt of 11.30 min as shown in Figure 3.36. Peak 111 was unable
to be identified with our standard; therefore, glucoamylase was used to cleave a-(1,4)-
glycosidic linkage of peak Ill product (Rt = 14.10 min). The results after treated with
glucoamylase revealed that glucose, isomaltose and isopanose were found at R; of 4.00,
6.50 and 10.80 min, respectively as shown in Figure 3.37. Finally, peak 1V (Rt = 16.30
min) was unable to identify with our standard so it was incubated with glucoamylase.
The results after treated with glucoamylase revealed that glucose, isomaltose and
isopanose were found at Rt of 4.00, 6.50 and 10.80 min, respectively as shown in Figure

3.38.
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Figure 3. 35 HPAEC-PAD analysis of peak | compared with standard isomaltose from

CarboPac® PA1 analytical column.
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Figure 3. 36 HPAEC-PAD analysis of peak Il compared with standard panose from

CarboPac® PAL1 analytical column.
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Figure 3. 37 HPAEC-PAD analysis of peak 111 from CarboPac® PA1 analytical column.
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Figure 3. 38 HPAEC-PAD analysis of peak 1V from CarboPac® PA1 analytical column.

To elucidate the structure of product I and IV, *H-NMR and *C- NMR

techniques were sent to Department of Chemistry, Faculty of Science, Chulalongkorn

University. It was still unable to determine structure of product 111 and 1V because they

had 2 isoforms from 2 peaks as shown on Figure 3.37 and 3.38.
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CHAPTER IV

DISCUSSION

Nowaday, a-glucosidases have considerably interested to be applied in both the
food and the pharmaceutical industries. Activity of the a- glucosidases are used to
produce isomaltooligosaccharides and modify health-relevant sugar conjugates with
various types of a-(1,2)-, a-(1,3)-, or a-(1,6) linkages by improve and increase their
chemical properties and physiological functions (Ravaud et al., 2007; Yoshinaga et al.,
1999). Furthermore, a- glucosidase is used to produce variety of glycoconjugated
products such as complex carbohydrates and glycoconjugated vitamins and drugs
which provide benefits to human health (Fernandez et al., 2007; Hung et al., 2005).
Currently research studies on mechanism, structural and the activity of a-glucosidases
in order to have a deep knowledge about this enzyme.

The result from sequence analysis confirmed that this gene was a-glucosidase
from W. confusa (WcAG) (E.C. 3.2.1.20). Percent identity of this gene was described
as follows: a-glucosidase from W. confusa (GenBank code, WP_056973603.1), 97.0%;
neopullulanase from Streptococcus pneumonia (GenBank code, COI129563.1), 96.0%);
neopullulanase from W. confusa (GenBank code, SJX69567. 1), 96.0% and o-
glucosidase from Lactobacillus panis (GenBank code, WP_047767241.1), 62.0%. The
resulted from multiple sequence alignment showed that WcAG had high sequence
identity as compared to AG from Bacillus sp. AHU 2001 (BspAG31A) (Saburi et al.,
2015) and AG from Aspergillus nidulans (AgdB) (Kato et al., 2002).

Sequence structural analysis revealed that WCAG consisted of two domains
including alpha amylase at N-terminal ig-like domain on amino acid residue 2-128 and

alpha amylase catalytic domain on anino acid residue 142-518 as shown in Figure 3.3.


https://www.ncbi.nlm.nih.gov/protein/949535976?report=genbank&log$=prottop&blast_rank=2&RID=FJ9BKF72014
https://www.ncbi.nlm.nih.gov/protein/895508843?report=genbank&log$=prottop&blast_rank=1&RID=FJ9BKF72014
https://www.ncbi.nlm.nih.gov/protein/1149533351?report=genbank&log$=prottop&blast_rank=3&RID=FJ9BKF72014
https://www.ncbi.nlm.nih.gov/protein/949535976?report=genbank&log$=prottop&blast_rank=2&RID=FJ9BKF72014
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Previous research reported that alpha amylase catalytic domain was found in
cyclomaltodextrinases (CDase; EC3.2.1.54), neopullulanase (NPase; EC 3.2.1.135) and
maltogenic amylase (MA; EC 3.2.1.133). This domain function is to hydrolyze alpha-
1,4 glycosidic linkage. However, WcAG hydrolyzes only maltotriose, maltotetraose,
maltopentaose and maltohexaose by cleavage of a-1,4 glycosidic bonds whereas it lacks
activity on oligosaccharide more than 6 units and other oligosaccharides such as
pullulan, dextrin, amylopectin, pNPG, isomaltotriose, isomaltose, raffinose, cellobiose,
melibiose and palatinose as shown in Table 3.2. Furthermore, WcAG also catalyzes
transglycosylation of maltose to synthesize maltooligosaccharide products as shown in
Figure 3.29-3.32. Therefore, this enzyme is indistinguishable from another AG.
WCAG is classified as alpha amylase family. The alpha amylase family contains
the largest family of glycoside hydrolases (GH), with the majority of enzymes acting
on starch, glycogen, and related oligo- or polysaccharides. These enzymes catalyze the
transformation of a-1,4 and a-1,6 glycosidic linkages with retention of anomeric center.
According to published 3D structure of AG, crystal structure of AG mutant E271Q in
complex with maltose (Protein Data Bank (PDB) entry code 3WY4) suggested that AG
had 3 domains including A, B and C (Shen et al., 2015). A was beta/alpha 8-barrel. B
was a loop between beta 3 strands and alpha 3 helix of A and C was C-terminal
extension characterized by a Greek key as indicated in Figure 4.1 (Yang et al., 2012).
The essential structure of enzyme was an active site cleft between domains A and B
where a triad of catalytic residues including Asp, Glu and Asp, located as shown in

Figure 4.2 (Buisson et al., 1987).
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Figure 4. 1 Structural modeling of alpha amylase. The a-helices and B-sheets are
presented in red and cyan, respectively. The oxygen atoms are in red, the nitrogen atoms
are in light blue, the carbon atoms are in yellow-green, and the sulfur atoms are in

yellow (Figure from Yang et al., 2012).
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Figure 4. 2 Structural modeling of alpha amylase. The catalytic residues Asp 248, Glu
278, and Asp 340 are shown in a “CPK” (Corey-Pauling-Koltun) representation. ==--
indicated distances from the respective catalytic residues to Met 145, Met 214, Met
229, Met 247, and Met 317. The oxygen atoms are in red for Met and dark purple for
catalytic residues, the nitrogen atoms are in purple for Met and dark purple for catalytic
residues, the carbon atoms are in green, and the sulfur atoms are in yellow. (Figure from
Yang et al., 2012).

Phylogenetic analysis of AGs revealed that WcAG was closely related to AGs
from Danaus plexippus and Anopheles darlingi, clustered in insect type while it was
phylogenetically distant from those AGs from Haliotis discus, Homo sapien, classified

as mammalian and plant type. The phylogenic location of WCAG as shown in Figure
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3.5, being independent from those of other AGs, indicated that WcAG was a novel AG
that appeared to have diverged from the other AGs at an early stage of bacterial
evolution (Jeon et al., 2015).

In this research, E. coli BL21(DE3) which contained recombinant pET28WcAG
gene was cultivated in LB medium containing 30 pg/ml of kanamycin at 1 mM IPTG
both at 30 and 37 °C with 250 rpm shaking. Initially, WCAG was expressed as inclusion
body in higher amount than in soluble protein. To achieve an expression as soluble
protein, reduction of temperature, concentration of IPTG and speed of shaking
incubator were done. The results showed that there was little expression of WCAG in
soluble form as shown in Figure 3.8 (A)-(C). Thus, the experiment was further
improved by adding 1% (w/v) of glucose. Generally, glucose affects the amount of
cyclic adenosine monophosphate (CAMP). When the cell has high concentration of
glucose, the cAMP concentration is low. On the other hand, when glucose concentration
decreases, the concentration of cCAMP increases proportionally. The high concentration
of CAMP is required for stimulating lac operon. CAP forms complex with cAMP to
form CAP-cAMP complex. The complex binds to CAP site of the operon and help
RNA polymerase initiate gene transcription. Meanwhile, glucose inhibits formation of
the CAP-cAMP complex which leads to decrease in the expression of gene as shown
in Figure 4.3. Therefore, the presence of glucose in the cell can control the expression
level of gene (Paigen and Williams, 1969). The result showed that addition of 1% (w/v)
glucose successfully increased the expression of soluble WcAG. Finally, the optimum
expression of soluble WcAG was successfully increased under the condition of 0.4 mM

IPTG at 20 °C for 20 h with 1% (w/v) glucose adding.


https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A4719/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A5172/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A4622/
https://www.ncbi.nlm.nih.gov/books/n/iga/A4529/def-item/A4622/
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Inserted into pET28b, WcAG was expressed as his-tagged proteins at the C-
terminus. In this research, Ni Sepharose™ 6 Fast Flow column or His-Trap column, an
affinity column that has specificity towards histidine tag (His-tag) protein, was used to
purify WcAG. Bound WCcAG can be eluted with high concentration of imidazole.
Recombinant WCcAG was successfully purified using Ni-NTA affinity column
chromatography in one-step process as shown in Figure 3.16 (A). WcAG was purified
by stepwise purification at 100 mM imidazole in 50 mM phosphate buffer pH 7.4.
Purified WCcAG displayed a single band on SDS-PAGE of 62 kDa. In addition, Western
blot analysis showed a single band of WcAG which also confirm that this protein band
was WCAG as shown in Figure 3.17 (B), Lane 2. However, WcAG disappeared in
Figure 3.17 (B) , Lane 1. This result can be occurred from the amount of WcAG
expression was one-third of total protein as shown in Figure 3.17 (A) Lane 1 and 2. So,
others protein in crude fraction interfere the interraction between WcAG and antibody.
Therefore, Western blot analysis can not deteced WcAG band in crude fraction as
showed in Figure 3.17 (B) , Lane 1. Another reason is this experiment was done only
one time so this negative result might be occur from experiment error such as WcAG
spread out of well in loading step.

From purification table (Table 3.1), the purified protein showed specific activity
(hydrolysis) of 45.29 U/mg. The purification fold of WCAG was 2.93 with 21.65%
yield. Comparing of WcAG among mesophilic bacterium including Aspergillus
nidulans (AgdB) (Kato et al., 2002) and Pyrobaculum aerophilum Strain IM2
(PAE1968) AGs (Jeon et al., 2015). AgdB were purified by DEAE-Toyopearl 650 M
column, Phenyl Sepharose CL-4B column and RESOURCE Q column, respectively.

This enzyme was purified 52-fold with a specific activity of 9.6 U/mg and the overall
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yield was 22% using pNPG as a substrate. Whlie PAE1968 was purified using Ni-NTA
affinity chromatography which increase 496.2 fold with specific activity of 2.25 U/mg
and the overall yield were 11.4% using maltose as a substrate.

To study hydrolysis activity, the hydrolysis pattern was investigated using
maltotriose as substrate as described in section 2.9.1. It was found that WCAG cleaved
a-1,4 glucosidic linkage of maltotriose, releasing glucose and maltose as by product. In
case of transglycosylation activity, WCAG can transfer maltose to acceptor, producing
maltooligasaccharide products as shown in Figure 3.31 (B), Lane 8. The results
suggested that WCAG had an ability to elongate maltooligosacchareide with a-1,6
glycosidic linkage. WCAG had similar transglycosylation activity with AG from
Bacillus stearothermophilus (Mala et al., 1999), Bacillus sp. AHU 2001 (Saburi et al.,
2015), Acremonium implicatum (Yamamoto et al., 2004), Aspergillus nidulans (Kato
et al., 2002) and Pyrobaculum aerophilum IM2 (Jeon et al., 2015).

The reaction of WCAG may occur in two-way reaction. First, direct reaction is
to transfer of glucose or maltose to acceptor to form maltooligosaccharide products. In
another way, when transglycosylation reaction proceed at equilibrium state, it has a
couple reaction of hydrolysis and transglycosylation activity simultaneously or
sequentially, depending on many factors such as time, temperature, concentration of
enzyme and concentration of substrate. When transglycosylated products present in
excess amount, it may act as substrate for further hydrolysis reaction as shown in Figure
4.3. This is similar to transglycosylation of previous report on Bacillus
stearothermophilus AG (Mala et al., 1999).

The substrate specificity of WCAG was analyzed using different substrates as

described in 3.4.9. The result showed that WCAG can hydrolyze maltooligosaccharides,
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di- and oligosaccharides, such as maltose (G2), maltotriose (G3), maltotretraose (G4),
maltopentaose (G5) and maltohexaose (G6). WCAG showed lower affinity towards
maltose, longer-chain substrates (G5-G7) and substrates with a-1,6 glucosidic linkage
(isomaltose). Therefore, WCAG hydrolyzed specific type of substrate that contained a-
1,4-glucosidic linkages with appropriate chain length. Thus, G3 was the most suitable
substrate for on hydrolysis activity. G3 was the best substrate for WCAG which was
similar to novel AG from Aspergillus nidulans (Kato et al., 2002). No hydrolysis
activity was detected with pullulan substrate as shown in Table 3.2. The order of
preferable substrate of WCAG was G3 > G4 > G5 > G6 > G7 ~ G2 as shown in Table
3.2. However, AGs from other organism like Pyrobaculum aerophilum Strain IM2
(PAE1968) had a difference pattern of G2> G3 ~ pNPG > G4 > G5 > [soG2 > G7 >
G6 (Jeon et al., 2015). The result from TLC analysis also confirmed this result as
indicated from the amount of product. For transglycosylation activity, the most
preferable substrates was G2. Under optimum condition, transglycosylated products
might contain higher amount of maltooligosaccharide with 3-4 glucose units and little
amount of maltooligosaccharide 5 glucose units as compared to standard sugar (Figure
3.34). In addition, using G2 was promising alternative substrate for producing
transglycosylated products. G2 is an inexpensive substrate which can produce high
value products such as isomaltose and panose as shown in Figure 3.35 and 3.36.

The optimum temperature of WcAG was at 50 °C for hydrolysis reaction as
shown in Figure 3.18. The activity decreased about 80 % at 45 °C. Properties parameters
for hydrolysis activity of a-glucosidase from various strains was compared in Table
4.1. The optimum temperature of WCAG was similar to Acremonium implicatum

(‘Yamamoto et al., 2004). However, it was distinct from other AGs such as Aspergillus
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nidulans (AgdB) (Kato et al., 2002), Bacillus licheniformis TH4-2 (Nimpiboon et al.,
2011) and Bacillus sp. AHU 2001 (Saburi et al., 2015) which report optimum
temperature were at 45 °C as shown in Table 4.1. Interestingly, Wc BBK-1 is mesophilic
bacteria which has optimum growth temperature at 20 to 45 °C but optimum
temperature for catalyzing activity is at 50 °C. This indicated that WCAG required
higher temperature to maximize its activity. WCAG maintained 80% activity in range
of 4 to 40 °C. When temperature increased from 45 °C to 80 °C, its activity decreased
and finally lost all activity as shown in Figure 3.19. In general, proteins are denatured
when the temperature is increased. Thus, high temperature affects bonds between amino
acid residues of the enzyme resulting in changing its structure. In contrast, at low
temperature, enzyme works slowly because substrate molecules have lower energy to
move into the active site (Tombs, 1985).

The optimum pH for hydrolysis activity of WCAG was pH 6.0 of phosphate
buffer. The optimum pH of WcAG was similar to previous report from Pyrobaculum
aerophilum strain IM2 (Jeon et al., 2015) and Bacillus licheniformis TH4-2
(Nimpiboon et al., 2011). Furthermore, WCAG was stable and maintained its activity

(90 to 100 % relative activity) in range of pH 6.0 to 8.0 in phosphate buffer.
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Table 4. 1 Properties parameters for hydrolysis activity of a-glucosidase from various

strains.
Strains Optimum | Optimum | Molecular Specific
temperature pH weight substrate
(°C) (kDa)
Weissella confusa BBK-1 50.0 6.0 124.0 Maltotriose
(WCAG) (Dimer)
Acremonium implicatum 50.0 7.0 103.0 Maltotriose
(YYamamoto et al., 2004)
(Momomer)
Aspergillus nidulans (Kato 45.0 5.5 130.0 Maltose
et al., 2002)
(Dimer)
Bacillus licheniformis TH4- 45.0 6.0 64.0 pPNPG
2 (Nimpiboon et al., 2011)
(Momomer)
Bacillus sp. AHU 2001 45.0 6.8 91.3 Maltotriose
(Saburi et al., 2015)
(Momomer)
Geobacillus sp. strain 60.0 9.0 130.0 pPNPG
HTA-462 (Hung et al.,
(Dimer)
2005)
Pyrobaculum aerophilum 90.0 6.0 76.0 pPNPG
strain IM2 (Jeon et al.,
(Momomer)
2015)




92

To study the effect of metal ions and chemical reagents on activity of WcAG,
the reaction was performed as described in section 2.9.7. Previous research reported
that metal ions and chemical reagents had important functions in biological properties
of enzymes. Some of them have ability to increase or decrease the activity of enzymes
(Riordan, 1977). Figure 3.22 showed that metal ions were not necessary for WcAG
activity. The enzyme was not inhibited by EDTA that it was usually reduced
metaloenzyme activity. The enzyme could be almost inhibited by Zn?", Cu?*, Ni?*, and
partially inhibited (20~60% of activity) by Fe*", Mn?*, Fe?*, Co?". The results also
revealed that, Ca?", Mg?", K* and Na' had slightly positive effect on WCAG activity.
Positive effect of K and Na* for WCAG activity was not significantly different. Zn?,
Cu?"and Ni?" had negative effect on WCAG activity resulting in activity of 5-15% of
the control. EDTA did not affect the acticity of WCAG. Besides, Co?", Mn?" and Fe?"
decreased WCAG activity to 40% relative activity while Fe*" displayed 80% relative
activity. Negative effect of Mn?*" and Fe?*" for WCAG activity was not significantly
different as shown in Figure 3.22. Similar to the activity of a-glucosidase from
Geobacillus sp. strain HTA-462 was enhanced by 10 mM MgCl; and CaCl; by 144 and
139%, respectively. Heavy metal ions including Zn?*, Cu?* and Ni?* generally inhibited
the activity of most enzymes. In this case, WCAG contains 25 methionine residues and
dose not has cysteine. Interaction between heavy metal ion and sulfer atom of
methionine affects on folding step which form disulfide bond in tertiary structure (Hung
et al., 2005). When structure of active site was changed, WcAG will lose catalytic
activity.

Molecular weight of WCAG was determined by gel filtration chromatography

and SDS-PAGE analysis. Gel filtration chromatography, or called molecular exclusion,
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IS a separation technique based on the size of molecules. In gel filtration, the stationary
phase consists of porous beads with well-defined range of pore sizes. Proteins that are
small enough can fit inside all the pores in the beads. These small proteins have access
to the mobile phase inside the beads as well as the mobile phase between beads. Proteins
that are too large to fit inside any of the pores are excluded. They have access only to
the mobile phase between the beads. During the separation, proteins with larger size are
therefore eluted first before those small proteins are then eluted.

As previously mentioned, the molecular weight of WcAG was 62 kDa on SDS-
PAGE. For gel filtration, the molecular mass of WcAG was estimated to be 124 kDa as
shown in Figure 3.23 (A) and (B). It suggested that WCAG existed in native form as a
dimer. In comparison to previous report, the molecular mass of AGs from Aspergillus
nidulans (Kato et al., 2002), Geobacillus sp. strain HTA-462 (Hung et al., 2005) and
Saccharomyces cerevisiae (Dusan et al., 2014) were similar to WcAG and also existed
in native form as homodimer as shown in Table 4.1.

All kinetic parameters of WCAG were investigated on hydrolysis activity using
maltose (G2) and maltotriose (G3) as substrates. Km or Michaelis-Menten constant
represents the concentration of the substrate when the reaction velocity is equal to one
half of the maximum velocity whlie Vmax is the maximum rate of the reaction. Lowering
in Km value indicates more binding affinity to specific substrate whereas higher K
indicates the enzyme does not bind efficiently with that substrate. Besides, kca: value
describes the turnover rate of changing enzyme-substrate complex into product and
enzyme. This can be called the rate of catalyst with a particular substrate. Kcai/Km is the

catalytic efficiency of the enzyme.


https://en.wikibooks.org/wiki/Structural_Biochemistry/Enzyme
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a-Glucisidase (AG) are classified into three types (I, 1l and I11) according to
substrate specificity. Type | AG prefer to hydrolyzes heteroside linkage such as aryl-
glucosides and sucrose, more efficiently than holoside linkage. Type I AG shows high
activity on G2 and isomaltose and low activity towards aryl-glucosides. Type Il AG
can hydrolyzes substrates as type Il AG does but its activity extends to polysaccharides
such as amylose and starch (Nimpiboon et al., 2011; Yamamoto et al., 2004). From
kinetic analysis showed that the Kn values of G2 and G3 were 16.22 and 2.67 mM. This
indicated that G3 was better substrate for WCAG. Besides, the Kea/Km ratio towards G3
was higher than G2 estimated 115 time, indicating that WCAG might be Type-Il AG
because it prefer to hydrolyze G3 and G4 which are a short chain homogeneous
substrate. Moreover, WCAG can not hydrolyze long chain substrate such as
amylopectin.

Kinetic parameters of hydrolysis activity from various strains using maltose as
substrate was showed in Table 4.2. This suggested that WCAG had lowest affinity
towards G2 among other reported AGS. Keatrand Kea/ Km of WCAG showed the lowest
value when compared with AGs from other strains. Comparison of kinetic parameters
of a—glucosidase from several strains was presented in Table 4.2 (for maltose) and 4.3
(for maltotriose), respectively. Kn of WCAG using G2 as a substrate (16.22 mM) was
higher than AGs from Aspergillus nidulans (0.51 mM) (Kato et al., 2002), Ferroplasma
acidiphilum strain Y (0.64 mM) (Ferrer et al., 2005), Geobacillus sp. strain HTA-46
(7.58 mM) (Hung et al., 2005), Pyrobaculum aerophilum strain IM2 (1.00 mM) (Jeon
et al., 2015), Acremonium implicatum (0.28 mM) (YYamamoto et al., 2004) and Bacillus
sp. AHU 2001 (0.75) (Saburi et al., 2015). So, WCAG had lowest affinity towards G2

among other reported AGs. Moreover, Kcatand Keat/ Km of WCAG showed the lowest
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value when compared with AGs from other strains. For G3 substrate, Kn of WCAG
(2.67 mM) was lower than AG from Geobacillus sp. strain HTA-46 (12.73) (Hung et
al., 2005). So, WcAG had higher affinity towards G3 than Geobacillus sp. strain HTA-
46 AG. However, Kn of WCAG was higher than AGs from Aspergillus nidulans (0.26
mM) (Kato et al., 2002), Ferroplasma acidiphilum strain Y (0.69 mM) (Ferrer et al.,
2005), Pyrobaculum aerophilum strain IM2 (1.00 mM) (Jeon et al., 2015), Acremonium
implicatum (0.01 mM) (Yamamoto et al., 2004) and Bacillus sp. AHU 2001 (0.46)
(Saburi et al., 2015). Moreover, ket/ Km of WCAG showed the lowest value when
compared with AGs from other strains. To summarize, G3 was the best substrate for
hydrolysis activity of WCAG while G2 was the most favorable substrate for type 11 AG.

This made WcAG distinct from other type 11 AGs.
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Table 4. 2 Kinetic parameters of hydrolysis activity from various strains using maltose

as substrate.

2015)

Strains Kmn (MM) | Keat (5Y) | Keat/Km (S-mML)

Weissella confusa BBK-1 (WCAG) 16.22 0.738 0.046
Aspergillus nidulans (Kato et al., 2002) 0.51 21.00 41.00
Ferroplasma acidiphilum strain Y

0.64 126.00 197.00
(Ferrer et al., 2005)
Geobacillus sp. strain HTA-46 (Hung

7.58 283.30 37.40
et al., 2005)
Pyrobaculum aerophilum strain IM2

1.00 16.00 15.40
(Jeon et al., 2015)
Acremonium implicatum (Yamamoto et

0.28 80.00 286.00
al., 2004)
Bacillus sp. AHU 2001 (Saburi et al.,

0.75 53.80 71.90
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Table 4. 3 Kinetic parameters of hydrolysis activity from various strains using

maltotriose as substrate.

2015)

Strains Km (MM) | Keat (s | Keat/Km (s-mM™)

Weissella confusa BBK-1 (WCAG) 2.67 14.096 5.279
Aspergillus nidulans (Kato et al., 2002) 0.26 30.00 120.00
Ferroplasma acidiphilum strain Y

0.69 13.00 18.80
(Ferrer et al., 2005)
Geobacillus sp. strain HTA-46 (Hung

12.73 2500.00 196.40
et al., 2005)
Pyrobaculum aerophilum strain IM2

1.00 14.40 13.70
(Jeon et al., 2015)
Acremonium implicatum (Yamamoto

0.01 33.00 2540.00
et al., 2004)
Bacillus sp. AHU 2001 (Saburi et al.,

0.46 50.70 111.00

Transglycosylation activity of various AGs has been apply in biotechnology to

synthesize conjugated compounds with biologically active materials and produce

foodstuffs, oligosaccharides and drugs as well. Therefore, optimization for higher

amount of transglycosylated products was important to use in industrial or medical

applications (Hung et al., 2005; Yamamoto et al., 2004). In order to produce the highest

amount of maltooligasaccharide products, the conditions for production were optimized

and analyzed by Thin-layer chromatography (TLC).
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The optimum temperature for transglycosylation activity of WCAG was at 37 °C
which it was different from hydrolysis activity (50 °C). Half-life of hydrolysis activity
of WCAG was 15 min at 50 °C while incubation time for transglycosylation activity was
24 h which was longer than incubation time for hydrolysis activity as shown in Figure
3.24. At higher temperature, WCAG lost its activity and the products might be further
hydrolysed. This resulted in lower amount of products. The optimum temperature of
transglycosylation activity was varied among different sources; for example, AGs from
Bacillus licheniformis TH4-2, Acremonium implicatum (Yamamoto et al., 2004)
displayed optimum temperature at 45 °C (Nimpiboon et al., 2011) and Geobacillus sp.
strain HTA-46 optimum temperature at 50 °C (Hung et al., 2005).

The optimum enzyme concentration for transglycosylation activity was 0.4
U/ml as shown in Figure 3.30. Increase of enzyme concentration was related to the
reaction rate. The amount of product was directly proportional to the level of enzyme
concentration. However, the concentration higher than 0.4 U/ml did not increase the
amount of products when compare with lower concentration at 0.2-0.4 U/ml of WcAC
as shown in Figure 3.30.

The optimum substrate concentration was 200 mM G2. Previous research
reported that transglycosylation reaction of AGs from B. stearothermophilus (15%w/w)
(Mala et al., 1999), Acremonium implicatum (200g/L) (Yamamoto et al., 2004),
Geobacillus sp. strain HTA-462 (30 mM) (Hung et al., 2005), Thermoplasma
acidophilum (20 mM) (Park et al., 2014), Xantophyllomyces dendrorhous (200g/L)
(Fernéndez et al., 2007), Thermus thermophilus TC11 (300 mM) (Zhou et al., 2015)

also used G2 as substrate but concentration was varied among strains.
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Finally, the optimum incubation time of WCAG was at 24 h, which was similar
to AGs from Bacillus licheniformis TH4-2 (Ammar et al., 2002) but different from
Thermus thermophilus TC11 (Zhou et al., 2015) (3 h). It can be concluded that the
optimum condition was using 200 mM of G2 with 0.4 unit/ml WcAG at 37 °C for 24 h.

In order to obtain higher amount of maltooligosaccharide products, 50 ml of
reaction mixture was prepared. The maltooligasaccharide products were isolated from
the mixture using Bio-gel P2 column. Bio-Gel P2 gels are extremely hydrophilic and
provide efficiently purification of various compounds (Ammar et al., 2002). Products
with different size and polarity can be separated. Fractions which eluted with DI water,
were detected for maltooligasaccharide products by TLC analysis. Fraction carrying the
products were then analysed by HPAEC. The result of TLC analysis showed four major
interesting products - peak I, I, Il and IV which sizes were in range of G2 to G5.

Purified products obtained by Bio-gel P2 column were analyzed by HPAEC-
PAD. Peak | and Il were identified as isomaltose and panose, respectively while peak
I11 and IV could not be identified with standard sugar as shown in Figure 3.35 — 3.38.
As mentioned, WCcAG used G2 as donor and acceptor for transglycosylation activity
(Figure 3.34). This indicated that WcAG can transfer glucose or maltose unit to form
a-1,6-glucosidic bonds to G2 acceptor, resulting in formation of isomaltose and panose.
The structure of possible transglycosylated products were shown in Figure 4.3. The
patterns for synthesis of each transglycosylation product were described as follows.
Hydrolysis and transglycosylation activity occur simultaneously; therefore, free
glucose, by-product of hydrolysis activity, is also in the reaction along with G2
substrate. For isomaltose, it is initially produced by transferring free glucose to C6-OH

of another glucose by forming a-1,6-glucosidic linkage. Next, panose is produced by
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transferring glucose moiety to C6-OH of G2, forming a-1,6-glucosidic linkage. The -
1,6-transglycosylation occurs further on G2 and panose to generate tetrasaccharides,
which can then be the acceptor for producing pentasaccharides. In order to identify peak
I11, glucoamylase from Rhizopus sp. (Wako Pure Chemical Industries, Ltd. Japan) was
used to specifically hydrolyze a-1,4-glycosidic bond to compare released structures
between hydrolyzed and non-hydrolyzed products. This result help identify possible
glycosidic linkage of peak III. If product contains a-1,4-glycosidic bond, it will be
hydrolyzed after treated with glucoamylase. The result from HPAEC-PAD can imply
that peak III contained a-1,4-glicosidic linkage because the profile show peaks of
glucose, isomaltose and isopanose at Ry of 4.00, 6.50 and 10.80 min, respectively as
shown in Figure 3.37. From this result can be indicated possible structures of peak 111
include  Glc(al-6)Glc(al-4)Gle(al-4)Gle  and  Glc(al-4)Gle(al-6)Gle(al-4)Glc.
Finally, peak IV (Rt = 16.30 min) was unable to identify with our standard so it was
incubated with glucoamylase. The results after treated with glucoamylase revealed that
glucose, isomaltose and isopanose were found at R:; of 4.00, 6.50 and 10.80 min,
respectively as shown in Figure 3.38. The result revealed that the possible structures of
peak IV include Glc(al-6)Glc(al-4)Gle(al-4)Glc(al-4)Gle, Glc(al-4)Gle(al-
4)Gle(al-6)Gle(al-4)Gle, Gle(al-4)Gle(al-6)Gle(al-4)Gle(al-4)Gle and Gle(al-
4)Gle(al-4)Gle(al-4)Gle(a1-6)Glc.  Although the linkages were successfully
identified, it was difficult to identify this product from standard sugar. The results
indicated that WCAG had two main activities including formation of a-1,4 and a-1,6-
glycosidic linkage and hydrolyzing of a-1,4-glucosidic linkage, resulting in various

transglycosylated products as described. Transglycosylated products including
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isomaltose, panose and other minor transglycosylation of WcAG was similar to
products from Aspergillus nidulans AG (AgdB) (Kato et al., 2002).

In conclusion, WCAG contained an open reading frame of 1,775 bps which can
be deduced into 593 amino acids. It was successfully expressed at 20 °C for 20 h, 150
rpm, in LB medium containing 1% (w/v) glucose with 0.4 mM IPTG and purified by
His-Trap column with 21.65% yield. The enzyme had molecular mass of 124 kDa and
existed as dimer in native form. The optimum temperature and pH were at 50 °C and
pH 6.0 while temperature and pH stability were in range of 4 to 40 °C, and pH 6.0-8.0
in phosphate buffer, respectively. Substrate specificity for hydrolysis activity of WCAG
was G3 while G2 was for transglycosylation activity. The order of preferable substrate
was G3>> G4>G5~G6>G2. Four products were obtained from transglycosylation
activity was obtained from incubating 200 mM of G2 with 0.4 unit/ml of WcAG at 37
°C for 24 h. The structural identification of all products using HPAEC-PAD revealed
that peak | was isomaltose, peak Il was panose while peak Ill and 1V still cannot be

identified.
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Figure 4. 3 Possible transglycosylated products of WCAG using maltose as substrate
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CHAPTER V

CONCLUSIONS

. Alpha-glucosidase (WcAG) from Weissella confusa BBK-1 in modified pET28b
vector contained an open reading frame of 1,775 bps which can be deduced into
593 amino acids.

. Optimum expression condition of WCAG was to culture at 20 °C for 20 h, 150 rpm,
in LB medium containing 1% (w/v) glucose with 0.4 mM IPTG.

. WCAG was successfully purified 2.93 fold by His-Trap column with 21.65% yield.
. The enzyme had molecular mass of 124 kDa and existed as dimer in native form.

. The optimum temperature and pH were at 50 °C and pH 6.0 while temperature and
pH stability were in range of 4-40 °C, and pH 6.0-8.0 in phosphate buffer,
respectively.

. The most suitable substrate for hydrolysis activity of WCAG was G3 while G2 was
for transglycosylation activity. For hydrolysis activity, the order of preferable
substrate was G3>> G4>G5~G6>G2.

. The apparent Km, Keat and keat/ Km values for G3 substrate were 2.67 mM, 14.096 s°
land 5.279 (s-mM)1, respectively. Comparison with the apparent Km, Keat and Kcat/
Km values for G2 substrate were 16.22 mM, 0.738 s and 0.046 (s:mM) 1,
respectively.

. The maximum maltooligasacharide product was obtained from incubating 200 mM
of G2 with 0.4 unit/ml of WcAG at 37 °C for 24 h.

Four products were obtained from transglycosylation activity including product I,

I 1l nd IV. The structural identification of all products using HPAEC-PAD
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revealed that product I was isomaltose, product 11 was panose while product 111 and

IV still cannot be identified
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APPENDIX 1
Preparation of SDS-polyacrylamide gel electrophoresis

1) Stock reagents
2 M Tris-HCI pH 8.8
Tris (Hydroxymethyl)-aminomethane 2429

Adjusted pH to 8.8 with 1 N HCI and adjusted volume to 100 ml with distilled

water
1AM Tris-HCI pH 6.8
Tris (Hydroxymethyl)-aminomethane 12.1¢g

Adjusted pH to 6.8 with 1 N HCI and adjusted volume to 100 ml with distilled

water
10% (w/v) SDS
Sodium dodecyl sulfate 10¢g
Adjusted volume to 100 ml with distilled water
50% (v/v) glycerol
100% glycerol 50 mi
Adjusted volume to 100 ml by adding 50 ml of distilled water
1% (w/v) bromophenol blue
Bromophenol blue 100 mg

Adding 10 ml of distilled water and stir the solution overnight. The solution was

filtered to remove aggregated dye prior to use



2) Working solutions

Solution A

30% acrylamide, 0.8% bis-acrylamind, 100 ml

Acrylamide

N,N’-methylene-bis-acrylamide

Adjusted volume to 100 ml with distilled water

Solution B
4X separating gel buffer
2 M Tris-HCI pH 8.8
10 % SDS
Distilled water
Solution C
4X stacking gel buffer
1 M Tris-HCI pH 6.8
10 % SDS
Distilled water
10% ammonium persulfate (APS)
Ammonium persulfate
Distilled water
Electrophoresis buffer
Tris (Hydroxymethyl)-aminomethane

Glycine
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29.2 ¢

75 ml
4 ml

21 mi

50 mi
4 ml

46 ml

0.5¢

5ml

39

144 g



Sodium dodecyl sulfate
Adjusted volume to 1 litre with distilled water
5X sample buffer
1 M Tris-HCI pH 6.8
50 % glycerol
10 % SDS
2-B-mercaptoethanol
1% bromophenol blue
Distilled water
Coomassie gel staining solution
Coomassie blue R-250
Methanol
Glacial acetic acid
Distilled water
Coomassie gel destaining solution
Methanol
Glacial acetic acid

Distilled water

1g

0.6 mi
5ml
2ml
0.5ml
1ml

0.9 ml

lg
450 ml
100 ml

450 ml

100 ml
100 ml

800 ml
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APPENDIX 2
Preparation of buffer for crude enzyme preparation

1) Stock solution

0.5 M potassium phosphate buffer pH 7.4

Component 1

0.5 M dipotassium hydrogen phosphate
Dipotassium hydrogen phosphate 26.127 g
Adjusted volume to 300 ml with distilled water

Component 2

0.5 M potassium dihydrogen phosphate
Potassium dihydrogen phosphate 6.814 g
Adjusted volume to 100 ml with distilled water

Component 2 was added to component 1 until the pH of the solution was 7.4

Extraction buffer

0.5 M potassium phosphate buffer 50 mi
0.01% TritonX-100 400 ul
5 M NaCl gml

Adjusted volume to 400 ml with distilled water
2.5 M NacCl
Sodium chloride 10¢g

Adjusted the volume to 100 ml with distilled water



APPENDIX 3
Preparation of purification buffer
Buffer for His-Trap column purification

50 mM phosphate buffer pH 7.4
0.5 M phosphate buffer pH 7.4 50 mi
Adjusted the volume to 500 ml with distilled water

50 mM phosphate buffer pH 7.4 with 50 mM Nacl
0.5 M phosphate buffer pH 7.4 50 mi
2.5 M Sodium chloride 10 ml

Adjusted the volume to 500 ml with distilled water

50 mM phosphate buffer pH 7.4, 50 mM immidazole with 50 mM Nacl

0.5 M phosphate buffer pH 7.4 50 mi
2.5 M Sodium chloride 10 ml
2.5 M Imidazole 10 ml

Adjusted the volume to 500 ml with distilled water

50 mM phosphate buffer pH 7.4, 100 mM immidazole with 50 mM Nacl

0.5 M phosphate buffer pH 7.4 50 mi
2.5 M Sodium chloride 10 ml
2.5 M Imidazole 20 ml

Adjusted the volume to 500 ml with distilled water
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50 mM phosphate buffer pH 7.4, 500 mM immidazole with 50 mM Nacl

0.5 M phosphate buffer pH 7.4 50 mi
2.5 M Sodium chloride 10 ml
2.5 M Imidazole 100 ml

Adjusted the volume to 500 ml with distilled water
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Preparation of Bradford’ s solution

Stock solution
Ethanol
Phosphoric acid
Coomassie blue G-250
Working solution
Ethanol
Phosphoric acid
Stock solution
Distilled water

Filtered through Whatman paper No.1 prior to use.

100 ml
200 ml

350 mg

15 ml
30 mi
30 mi

425 ml



APPENDIX 5

Restriction map of modified pET-28b vector

Restriction map of modified pET-28b vector was kindly given by Mr. Thapanan

Jatuyosporn which modified by remove region from Nco | to BamH 1.

PET-282(+) 8equance Iandmarks

T7 promoter 370-386
T7 transcription start 369
Hiz+Tag coding sequence 270287
T7-Tag coding sequence  207-239
Nfultple cloning sites

(BamH 1 - Xiol) 158-203
His-Tag coding sequence  140-157
T7 terminator 26-72
Jacl coding sequence 7731832
pBR322 origin 3986
Ean coding sequence 39954807
f1 origin 4203-5358

The maps for pET-280(+) and pET-28c(+)
are the same a3 pET-28a(+) (shown) with
the following exceptions: pET-28hi+) iz a
5368bp plasmid: subtract 1bp from each site
beyond BemH [ at 198 pET-28ci+) 15 8

536 7hp plasmd; subtract Zbp from each site
beyond FamH I at 185,

Xha 1[158)
Mot lj185)
Eag li18)
Hind[IIIn?sp
Sal Ij173)
Sac l[150)
EcoR lj132)
BamH lj133)
Bpu1102 1i80] Nhe l231)
P L Nde ljz35)
Nco l288)
Xba l{z35)
Bgl 401}

DOra lllj5127)

P [{4456)
Sgf N2426)

Sma 1{4300) Wi 1123)
ﬁn Bel {1137
Cla lja117) =
Mru 1j4083) 3 BstE llj1ans)
[
pET—Zaa{'l'} - Apa {1334
(5369bp) o
o

BesH llj1534)
EcoR V{1573
Hpa I(1528)

Ecob7 13772)

Ahwt {3640

Bes§ Iiaaom) Psha li1868)
BepLU11 I3224)
Sap I3

Bst1107 I2085)

Tth111 liza6a)

Bgl liz187)
Fsp l2205)
Psp5 lliz230)

PET upstream primer #§3214-3
——e gl

TT promater prmes #56348:3
—_— .
T7 pramoter
T —

13-T3,

L E—

—
T7 terminator primer #H9337-3

PET-28a-c(+) cloning/expression region
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...... CCATGGATCCGAATTC .. ....

Modified pET28b Map
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APPENDIX 6
Standard curve for protein determination by Bradford’s assay

0.7

0.6 -

y =0.1167x + 0.0009

R?=0.9969
0.2
0.1
0 T T T 1
0 1 2 3 4 5 6

Protein (Ug)



APPENDIX 7
Standard curve for protein determination by glucose oxidase assay
1.4 -

1.2 A

y =9.0839x
R? = 0.9955

A505

0.6
0.4

0.2

0 0.03 0.06 0.09 0.12 0.15
Concentration of glucose (umole)
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Calculation for percentage relative activity
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Substrate Acora Asos Anverage | Aaverage- Relative

1 2 3 Acontrol activity (%)
50 mM Maltose
G2) 0.194 0.216 | 0.217 | 0.217 | 0.2167 0.0227 280000
50 mM
Maltotriose (G3) 0.338 1.188 | 1.115 | 1.138 | 1.1470 0.8090 100.00 + 0.04
50 mM
Maltotetraose 0.14 0.36 0.337 | 0.36 | 0.3523 0.2123 26.25+ 001
(G4)
50 mM
Maltopentaose 0.148 | 0.263 | 0.255 | 0.253 | 0.2570 0.1090 1347 + 001
(G3)
50 mM
Maltohexaose 0.081 | 0.204 | 0.206 | 0.202 | 0.2040 0.1230 1520 + 0.00
(G6)
50 mM
Maltoheptaose 0.161 | 0.166 | 0.163 | 0.165| 0.1647 | 0.0037 0.45+0.00
(G7)
1% Pullulan 0.081 | 0.081 | 0.081 | 0.081 | 0.0810 0.0000 0.00 £0.00
1% Dextrin 0.082 | 0.083 | 0.083 | 0.083 | 0.0830 0.0010 012 £0.00
1% Amylopectin 0.087 | 0.087 | 0.088 | 0.089 | 0.0880 0.0010 012 £000
0.5 mM pNPG 0.079 | 0.081 | 0.081 | 0.081 | 0.0810 0.0020 025+ 000
50 mM
lsomaltotriose 0.103 | 0.103 | 0.107 | 0.111| 0.1070 0.0040 049 £ 000
50 mM Isomaltose | 0.094 | 0.094 | 0.102 | 0.097 | 0.0977 | 0.0037 045000
2.5% Raffinose 0.079 | 0.081 | 0.082 | 0.081 | 0.0813 0.0023 0.29 £ 0.00
2.5% Cellobiose 0.172 0.174 | 0.172 | 0.175 | 0.1737 0.0017 021+000
2.5% Melibiose 0.105 | 0.106 | 0.107 | 0.105| 0.1060 0.0010 012 £0.00
2.5% Palatinose 0.118 | 0.119 | 0.126 | 0.12 | 0.1217 0.0037 045 +0.00
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APPENDIX 9

Standard curve of molecular weight protein from SDS-PAGE

1000000
100000 O . izooo
116000 6620’(’) Q... ®...0..... ®
45000
~ 10000 3500000,
2
S 1000 a WCAG
= e Standards protein
()
2 100
y =-190418x + 141353
R2=0.9901
10
1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Ry (cm)
Calculation

From Figure 3.16 (A): Migration distance of WcAG: 1.95 cm
Migration distance of dye front: 4.69 cm
So Rf=1.95 cm/4.69 cm = 0.416 cm
From Figure 3.16 (B):y =-190418x + 141353
X = Rf of WCAG = 0.416 cm
y = log MW

So molecular weight of WCAG from SDS-PAGE = 10 = 10 190418+ 141353

=62.1 kDa
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APPENDIX 10

Standard curve for protein determination by gel filtration chromatography

1000000 o ® WcAG
o . m Standards protein
100000
L]
10000 2
3 Equation y=a+b'x
(o) Plot logMW
E 1000 Weight No Weighting .
s Intercept 6.71188 + 0.18686 .
8’ Slope -8.09607 + 0.82405 .
= 100 Residual Sum of Squares 0.0292
Pearson's r -0.9898
R-Square(COD) 0.9797
10 Adj. R-Square 0.96955

Calculation
Ve =58.178 ml (From Figure 3.23 (A)), Vi=120.103 ml, V, = 42.724 ml,
Kav = (Ve-Vo)/(Vi-Vo)
Kav = (58.187-42.724)/(120.103-42.724)
Kav = 0.1998 ml
From Figure 3.23 (B):y = -8.09607x + 6.71188
X = Kav 0f WCAG = 0.1998 ml
y = log MW
So molecular weight of WCAG = 10Y = 1(8:09607x+6.71188

=124.2 kDa
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APPENDIX 11

Abbreviation of amino acid residue found in protein
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Second base
| T C ; A G
| TTT  Phe (F) TCT Ser(S) | TAT  Tyr{Yy) |TGT Cys (C)
TIC  Phe (F) TCC Ser (S) | TAC | TGC
T 118 Lew (L) TCA Ser(S] | TAA  STOP | TGA STOP
....... TIG  Leu (L) TCG _ Ser(S) |TAG STOP _ |TGG _ Trp (W) |
CTT  Leu (L) CCT  Pro(P) | CAT  His (H) |CGT  Arg (R)
c CTC  Leu (L) CCC  Pro(P) | CAC  His (H) | CGC Arg (R)
| CTA  Leu (L) CCA Pro (P} | CAA  Gin(Q) |CGA  Arg (R)
[ CTG  Leu (L) CCG  Pro(P) |CAG GIn(Q) | CGG  Arg (R)
{ATT  Tle (1) ACT Thr(T) |AAT Asn(N} |AGT  Ser(S5)
A | ATC Tl (1) ACC ThriT) AAC  Asn(N) |AGC  Ser(S)
| ATA  Tle (1) ACH The (T) | AAA  Lys (K) | AGA  Arg (R)
__|ATG _ Met (M) START |ACG _ Thr(T) |AAG Lys(K) | AGG _ Arg (R)
[ GTT  val (V) GCT  Ala(A) |GAT Asp (D) |GGT  Gly(G)
G |GTC  val (v) GCC  Ala{A) |GAC Asp(D) |GGC Gly (G)
[ GTA  val (V) GCA  Ala(A) |GRA Glu(E) |GGA Gly(G)
[ GTG  val (V) GCG  Ala{a) |GAG Glu(E) |GGG Gly (G)
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