CHAPTER 3
Homologous and heterologous expression

of a-amylase gene

3.1 Introduction

The a-amylase (EC 3.1.1.4) has long been known and widelkd in many
industry including foods, detergent, textile and pharmaceutical industry. The first
production of amylase for commercial purpose known as Taka diastase was established
by Takamine (Sivaramakrisnas al. 2006). The enzyme is produced universally by
either plants or animal or microorganisms. However, the most attempts have been
obviously focused on microbial-amylases particularly bacterial and fungal amylases
according to their wide varieties, economic advantages and easy manipulations (Gupta
et al. 2003). The main purpose of utilization @famylase are considered in starch
liquefaction and saccharification procedures for preparation of various kind of refine
sugars and dextrin to serve other applications such as production of glucose, fructose
and maltose syrup (van der Maagehl. 2002). On the other hand, it is used to prepare
starch substrate for production of lactic acid, one of the most important organic acids,
plays roles in food and biodegradable plastic industry. Many reports propose different
procedures for production of lactic acid from starch by biological method. Lactic acid
bacteria are concerned to be the most important group of lactic acid producers used for
lactic acid production. Considering, lactic acid production from starch by lactic acid
bacteria, it is however necessary to pretreat starch by either acid or alkaline hydrolysis
or starch liquefaction and saccharification by enzymatic method owing to the organisms
are unable to consume starch directly. As mentionedptamylase demonstrates
significant impact on starch degradation. Up to now, attempts convert starch to lactic
acid in both two and single step. Bual. (1999) and Weet al. (2008) applied amylase
enzyme to prepare starch prior to mixing with glucoamylase enzyme to prepare starch
prior to mixing with glucoamylase and the lactic acid fermentation was then initiated by
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lactic acid bacteria. Attempts produce lactic acid from starch within single step called
simultaneous liquefaction, saccharification and lactic acid fermentation (SLSF) but the
two enzymes require the same optimum pH condition (Lietkal. 1996; Wancgt al.

2010; Nguyenret al. 2013). Thereforeg-amylase is key enzyme to degrade starch to
dextrin for subsequent degrading to glucose, a substrate of lactic acid fermentation by
glucoamylase. Among-amylase producing bacteriBacillus sp. is typically used as

the enzyme producer (Sivaramakrishreiral. 2006) and it is also practical to serve
industrial demands. However, felaactobacillus sp. a-amylases are less studied and
applied regarding its properties and availability. So faramylase genes from
Lactobacillus sp. were manipulated and expressed in various systems skclcas

(Oh et al. 2005), Leuconostoc citreum (Eom et al. 2009) but most of them did not

succeed in overexpression.

The a-amylase fronL. plantarum S21 have been intensively studied and is found
that it has high stability in broad pH range and produce 60 and 35% of maltose and
glucose from starch, respectively. A great merit of this enzyme interests us to isolate the
a-amylase gene and express it in homologous and degeus system for
overproduction of the enzyme for reasons; large amount of the recombinant enzyme
could be used for lactic acid production by SLSF in addition to the production of
maltose and glucosareat achievement of homologous expression may conduct to
feasibility in other lactobacilli hosts. Fitzsimoetsal. (1994) succeeded in heterologous
expression of amylase gene lafplantarum in L. amylovorus with higher amylolytic
activity yield. However, lactic acid produced byplantarum S21 is typically occurred
to be racemic D- and L-lactic acid. Therefore, feasibility in cloning and expressien of
amylase gene in othekactobacillus sp. was investigated to use as a model for
expression of the gene in otHeactobacillus sp. for direct conversion of starch to high

optical purity of D- or L-lactic acid production.

This chapter described the isolation afamylase gene, homologous and
heterologous expression ofamylase genes in.[oli and L. plantarumand purification
and characterization of recombinant enzymes from these two recombinant strains.

Overproduction of eamylase was also expected.

a7



3.2 Literature review

3.2.1 Production of recombinant enzyme by microbes

It is basically known that enzymes can be produced by different sources of
organisms including animals, plants and microorganisms. However, the microorganisms
are definitely exhibited high potentiality in term of high productivity but lower cost,
simpler and faster. Over the past several decades, recombinant DNA technology had
been attempted for using as high feasible and applicable sources of enzymes for
industrial production for reasons; plant and microbial enzymes could be produced by
microbial fermentation, it was easier to produce the enzyme from organisms that were
difficult to grow and also hard to handle, the enzyme productivity was increased easily
by using the overexpressed recombinant microorganisms, production of enzymes from
pathogenic or toxin producing microorganisms in safe hosts was feasible, and
improvement of enzyme properties could also be done (Demain and Vaishnav 2009).
Regarding a number of profits from production of recombinant enzymes, recombinant

DNA technology is such interesting and expected.

In this literature reviews, basic principle of gene cloning and expression is briefly
described. The main purpose is to introduce basic understanding of gene cloning and
expression ofa-amylase gene fronk. plantarum S21 inE. coli and particularL.

plantarum for homologous and heterologous expression.

3.2.2 Basic of gene cloning

Gene cloning is generally defined as the insertion of a fragment of DNA into a
cloning vector and subsequent propagation of the recombinant DNA molecule in a host
organism (Sheikh and Hornby, 2013). The basic of cloning is demonstrated in Figure
3.1, The steps include isolation and purification of target DNA to be clone such as from
genomic DNA, cDNA or PCR amplified DNA, isolation and purification of the
expression vector, enzymatic restriction digestion of the vector and target DNA to
prepare them for ligation. Depending on the expression hosts, many expression systems
currently are available. Then, transformation step is performed to introduce recombinant

plasmids to cell culture of bacteria, yeasts, molds, mammals, plants, insect or transgenic
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plants and animals and screening to identify colonies that are positive for the
recombinant DNA (Demain and Vaishnav 2009; Sheikh and Hornby, 2013).

1 Construction of a recombinant DNA molecule

O l-

Vector  Fragment

Recombinant
DNA molecule

O

of DNA
@ Bacterium
Bacterium
2 Transport into the carrying
host cell recombinant
DNA molecule
3 Multiplication of O%
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4 Division of %%
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©)
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growing on solid medium

Figure 3.1 Schematic of basic of cloning (Brown, 2010)

In this literature review, the author emphasizes on cloning and expression of a
amylase gene in E. coland L. platarumfor homologous and heterologous expression
system. The main tools for cloning are described in this section.

3.2.3 Expression hosts
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A number of expression hosts has been being used for production of recombinant
protein including bacteria, yeast, mold, insect cells, mammalian cells, transgenic
animals and transgenic plants. Depending on the desire protein in different organisms,
the expression hosts are selected based on where the desired gene obtained according to
functionality and protein quality. Non-glycosylated proteins are usually handie in
coli, yeasts but glycosylated protein are usually made in mammalian cells. However,
most recombinant enzymes produced commercially are obtained from recombinant

bacteria (Demain and Vaishnav 2009).

Bacterial expression hosts

E. cali

The most well-known expression host for expression of gene in bacteria is
E. coli. It is suitable for expression of proteins or enzymes that do not require
post-translational modification of the proteins (Rai and Padh 2001). Advantages
and disadvantages are included in Table 3.1 (Demaain and Vaishnav 2009).
coli BL21 is the most common host and has proven outstanding in standard
recombinant expression applications (Sorensen and Mortensen 2005). Even it is
the nice expression system;coali is considered to produce extracellular proteins.
Similar to the secretion ability, the development of alternative markers is also
recognized to replace the use of antibiotic and antibiotic resistance markers (Chen
etal. 2012).

Table 3.1 Advantages and disadvantages of E.&ghiression systems

Advantages Disadvantages
Rapid expression Proteins with disulfide bonds difficult to express
High yields Produce unglycosylated proteins
Ease of culture and genome modification Proteins produced with endotoxins
Inexpensive Acetate formation resulting in cell toxicity
Mass production fast and cost effective Protein produced as inclusion bodies, are

inactive; require refolding

Source: Demain and Vaishnav 2009
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Bacillus sp.

Gram positive expression hosts mainly used for homologous expression,
Bacillus sp. has many advantages and some disadvantages as presented in Table
3.2. It is widely utilized for industrial application rather than academic researches.
The recombinant proteins producedBacillus sp. can be secreted in the medium
so the harvest becomes easily and no need cell disruption process. The most
typically used strains ai®. subtilis, B. licheniformis, B. meaterium andB. brevis.
However, there are some limitations of usBigsubtilis as expression caused by
protease activity during the expression that sometimes destroys the recombinant
proteins. Extracellular proteases including subtilisin (a major alkaline serine
protease) and neutral protease, (major metalloprotease contained Zn) shared 96-

98% of extracellular protease activity (Demain and Vaishnav 2009).
Pseudomonas sp.

Pseudomonas sp. has advantage in rapid growth and is an alternative gram
positive expression host. So f&x,fluorescens, P. aeruginosa andP. putida have
been used for protein expression according to their higher yieldsBheoli
(Chen 2012).

Table 3.2 Advantages of Bacillusp. expression host

Strong secretion with no involvement of intracellular inclusion bodies

Ease of manipulation

Genetically well characterized systems

Highly developed transformed and gene replacement technologies

Superior growth characteristics

Metabolically characteristics

Generally recognized as safe (GRAS status) by US FDA

Efficient and cost effective recovery

Source: Demain and Vaishnav 2009

L actococcus sp.
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Lactococcus lactis has been recognized as GRAS which promotes its
advantage for food applications. NICE (nisin-inducible controlled gene
expression) is the most widely used inducible system in this microorganism (Chen
2012). NICE expression system is driven by nisin, an antimicrobial peptide with
34 amino acids and a food grade is now available, capable of activating nisin
operon at nisin A promotor {&) from Lactococcus lactis strain and it therefore
regulates gene involving nisin biosynthesis or a gene of interest (Maisch&erger
al. 2010).

Lactobacillus sp.

A group of gram positive bacteribactobacillus sp. is also GRAS lactic
acid bacteria and it presents in gastro intestinal (Gl) tract. It is therefore
considered attractive for therapeutic applications. The lactococcal nisin system
(NICE) is successfully developed and it is used for expression in lactococci,
lactobacilli and other lactic acid bacteria and also attract as food-grade delivery
vehicles. However, the use of NICE in lactobacilli is preferably avoided since it is
non-self-gene. For therapeutic applications of lactobatidictobacillus sp. has
relatively high resistance against bile acid and low pH and they are able to
colonize the Gl-tract. Immunization through mucosal surfaces of the Gl-tract may
be an idea of immunizing human by recombinant lactic acid bacteria as antigen-
delivery lactic acid bacteria (Diegh al. 2009).

3.2.4 Expression of amylase gene in E. cdbr heterologous expression

In this chapter, amylase gene was isolated ftoplantarum S21. The gene was
amplified and cloned to pET21 as an expression vectorEamdli BL21(DE3) was
selected as an expression host.

e Expression host: E. coliBL21(DE3)

As described Sorensen and Mortensen (20B85)oli BL21 is the most
common host and has proven outstanding in standard recombinant expression

applications. It is a robuét. coli B strain that able to grow vigorously in minimal
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medium media but however non-pathogenic and unlikely to survive in host tissues
and cause disease. The BL21 is deficient in ompT (outer membrane protein T) and
lon, two proteases that may interfere with isolation of intact recombinant protein.
The most common promoter system for BL21 is T7 expression system such as
PET vector since this strain has been modified to carry the T7 RNA polymerase
gene which itself has been modified by addition of a lactose (IPTG, isogropyl-
d-thiogalactopyranoside) inducible genetic element and therefore drives the
promoter system for the over-expression of the encode recombinant protein
(Sheikh and Hornby 2013).

* Expression vector: pET21a and pET21d

The pET expression system was first described by Studier and colleagues
and it was developed for using as various expression systems. Varieties of pET
expression systems are commercially available and more than 40 different
expression systems include hybrid promoters, multiple cloning site for the
incorporation of different fusion partners and protease cleavage sites and a high
number of genetic backgrounds modified for various expression purposes.
Expression requires a host strain lysogenized by a DE3 phage fragment, encoding
the T7 RNA polymerase (bacteriophage T7 gene 1) under the control of the IPTG
induciblelacUV5 promoter as shown in Figure 3.2. The mechanism is described
as followed.Lacl represses thkacUV5 promoter and the TIAC hybrid promoter
encodes by the expression plasmid. A copy otdhlegene presents on tle coli
genome and on the plasmid in a number of pET configuratiaas.is a weakly
expressed gene and a 10-fold enhancement of the repression is achieved when the
overexpressing promoter mutahtcl? is employed. T7 RNA polymerase is
transcribed when IPTG binds and triggers the release of tetranaetiérom the
lac operator is subsequently initiated by T7 RNA polymerase (Sorensen and
Mortensen 2005).

The pET expression system is categorized into 2 types; transcription vectors and
translation vectors. The transcription vectors are designed for expression of target genes

that carrying their own prokaryotic ribosome binding site and ATG start codon while
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translation vectors carries high efficient ribosome binding site from the phage T7 major
capsid protein (Novagen).

The pET21-a-d(+) are in group of translation vectors. The suffix letter such as a
and d in pET21-a(+) or pET21-d(+) distinguishes the translation vectors from the
transcription. All vectors with the suffix “a” express from the GGA triplet ofBamHI
recognition sequence. Vectors with “b” express from the ATC triplet ofBdreH|
recognition sequence and also contained an upstieaincloning site in place of the
Ndel site of pET21-a-(+) for insertion of target genes directly into the ATG start codon
Both pET-21a-(+) and pET-21-d-(+) contain fusion tag of hexahistidine (6xHis) protein
located at C-terminus of target proteins. It however should be noted that the expression

of desired C-terminal fusion required lack of a stop codon in the insert as well as the
proper reading frame at the cloning junction (Figure 3.2).
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The f1 origin is oriented so that infection with helper phage will produce virions

containing single-stranded DNA that corresponds to the coding strand. Therefore,

single-stranded sequencing should be performed using the T7 terminator primer.

3.2.5 Expression of amylase gene in L. plantarufar homologous expression

The amylase gene was cloned in pSIP48®@n) and L. plantarum WCFS1 was

acted as an expression host.

* Expression host: L. plantarumWCFS1, L. plantrumTGL02

A complete genome df. plantarum WSCF1 has been found and reported
by Kleerebezenet al. (2003) and tools for genetic engineering are availéble.
plantarum WCFS1 is capable of surviving in extreme condition of gastro-
intestinal tract and exhibits potential probiotic effects and it also has high survival
rate which made them a promising candidate as a vehicle f@tu delivery of
therapeutically interesting proteins (Mathiegtml. 2009). Recently, it was used
as an expression system of some enzymes sugigalsictosidase (Nguyest al.
2011a, 2011b), chitinase (Nguyeinal. 2012b), malolactic enzyme (Schumastn
al. 2012). A food grade system bf plantarum WCFS1 was attained to avoid the
antibiotic as selective marker. Nguyehal. (2011a) did alanine racemase gene
knock out ofL. plantarum WCFS1 to construct food grade expression host,
plantarum TGLO2. This host was compatible to the vector harboring alanine

racemase gene to grow on the medium without antibiotics.

* Expression Vector: pSIP409 ¢rm) GusA, pSIP609 élr) GusA

The pSIP vectors are inducible expression vectors that have been developed
for gene expression ih. sakei andL. plantarum. The genes are expressed via
strong promoter of bacteriocin operonslLofsakei strains; promoter of SakacinP
(spp) and SakacinAsgp). The promoters can be induced by peptide pheromone
(Induction peptide, IP) for which the promoters are regulated by a two-component
signal transduction system. The great advantages of pSIP vector are permitting

easy exchange of all essential elements including inducible promoter, the cognate
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regulatory system, the gene of interest, the antibiotic resistance marker and the
replicon (Sorviget al. 2005). There are many different kinds of pSIP vectors. The
pSIP400 serie@~igure 3.3), first constructed by Sorveg al. (2003), arespp-

based expression vectors. The sppK and sppR gene encode the proteins in the
two-component regulatory system. The gene of interest is under control of one of
the strictly regulated bacteriocin promoters,£(sakacin P) for pSIP401 with
GusA as a reporter gene ogR (sakacin Q)/or Bix for pSIP409 withGusA and is
translationally coupled to the promoter via d&fcol restriction site that
incorporated the ATG start codon. Unique restriction sites for easy replacement of
different modules are indicated at multiple cloning sites (MCS). For pSIP403 and
pSIP409,GusA from Gram-negativee. coli is used as reporter gene for several
homologous and heterologous expressions. The replicon region consists of two
determinants; pUC (pGEM)-ori foE. coli and 256 rep forl. sakel and L.
plantarum. The genes of interest are expressed by induction of peptide
pheromone, also known as induction peptide (IP) in the principles. A great
property of probiotics is production of bacteriocins to inhibit the growth of
pathogen. It was known that the bacteriocins are produced strictly under the
regulation of quorum-sensing based mechanism mediated by a secreted peptide-
pheromone, IP, a membrane-located sensor (histidine protein kinase, HPK) or
sppK as presented in Figure 3.3 and a cytoplasmic response regulator (RR) or
sppR.. The interaction between an IP and its sensors are very highly specific and
conduct to activation of the cognate RR which subsequently binds to regulated
promoter (SppA) and eventually activates the gene expression. The regulation of
sppK and SppR by IP is then call&R operon. This operon is driven by read-
through from the upstream resistance marker demeB) and by the original
inducible promoter (8yp) in pSIP403 and pSIP409. Normally, the structural gene
for the IP is inactivated by deletion (Diepal. 2009; Sorviget al. 2003, Sorviget

al. 2005).

The pSIP609 vector, constructed by Ngugemal. (2011a), is a food grade
expression vector derived from pSIP409. The gene encoded erythromycin
resistant marker has been replaced by alanine racemase gene in which corresponds

to the synthesis of D-alanine, the amino acid that important for cell wall synthesis.
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This expression vector is compatible withplantarum TGL02, a mutant of..
plantarum WCFS1 which alanine racemase geale)(was deleted as well &5

coli MB2159, the alanine auxotroph strains for construction of recombinant

plasmids.
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Figure 3.3 pSIP401 expression vector (a), pSIP409 vector carring &isdporter
gene (b) and pSIP609 carrying Gushfood grade expression vector (c)
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3.3 Materials and methods
3.3.1 Microorganisms

Lactobacillus plantarum S21 isolated from indigenous Thai fermented fodds,
plantarum WCFS1 (Kleerebezerat al. 2003 and Nguyest al. 2011a),L. plantarum
TGLO2 (Nguyenet al. 2011a),E. coli BL21(DE3) (New England Biolabs)k. coli
NEB50 (New England Biolabs),E. coli MB2159 (Nguyenet al. 201la) were
maintained in 15% glycerol and stored at®@0Vectors including pET21a (Novagen,
Germany), pET21d (Novagen, Germany), pSip4B@sA (Nguyen et al. 2011a),
pSip609GusA (Nguyenet al. 2011a) were maintained i coli NEB5a system in 15%
glycerol and stored at -8G.

3.3.2 Materials

All plasmids were extracted using PureYield Plasmid Miniprep System
(Promega Corp., Madison, WI). DNA fragments from reaction and agarose gel were
purified by illustraTM GFX™ PCR DNA and Gel Band Purification Kit (GE
Healthcare, UK). All restriction enzymes and T4 ligase were purchased from Thermo
Fisher Scientific (Walthman, MA). All primers used in this study were ordered from

providers and included in Table 3.3.
3.3.3 Equipment and instrument

Gene Pulser XcellTM Electroporation System (Bio-Rad, CA) were used as a tool

for electroporation in both E. coand L. plantarum

Table 3.3 Primers used in this study

Primer Sequence (523))
P1 GTGAAAAAAAAGAAAAGTITTCTGG
P2 AAGAACATCGATTTTCCATGGCAG
P3 ATTAGGCTGEECTGITGITG
P4 GACGCACATATGAAAAAAAAGAAAAGTTTCTGG (Ndel)
P5 AGTAGT CTCGAGCGAAGTGCTTGATGT GCT  (Xhol)
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Table 3.3Primer used in this study

P6 GGCGGACCATGGATAGT TATACGACATCAACTG (Ncol)
P7 AGTAGT CTCGAGCGAAGTGCTTGATGTGCT  (Xhol)
P8 GGTCTCCCATGAAAAAAAAGAAAAGTTTCTG (Bsal)
P9 AGCATCTCGAGTTACGAAGTGCTTGAT  (Xhol)

3.3.4 Isolation of maltose forming eamylase gene from Lplantarum S21

The primer P1 and P2 were used to isolate the amylase gene using colony PCR
technique using condition as followed a pre-denaturation step®@t f88 2 min, 35
cycles of 10 s at 98, 20 s at 8 temperatures gradient between 56-@Hd 60 s at
72°C and final cycle at 7Z for 7 min. The PCR product was applied on agarose gel to
observe the expected band. The blunt end fragment of amylase gene was purified and
inserted into pJET/1.2 kb using CloneJET PCR cloning kit (Thermo Fisher Scientific
Inc., EU) and transformed . coli NEB5a. A set of primer P1-P3 was used to obtain
the entire amylase gene lofplantarum S21 by sequencing. Nucleotide sequences were
assembled and analyzed by GENETYX program ver. 5.0 (Genetyx Corp., Tokyo,
Japan) and signal peptide sequence was also predicted by the same software. Multiple
alignments were performed using nucleotide BLAST program of the National Center
for Biotechnology Information (NCBI) available at

http://blast.ncbi.nim.nih.gov/Blast.cgi.
3.3.5 Construction of recombinant plasmid
Construction of recombinant plasmids for heterologous expression

The primer P4-P5 and P6-P7 were used to isolate amylase gene by colony PCR.
The DNA fragment obtained from primer P4-P5 was whole nucleotide sequence of
amylase geneAfnyW) with restriction site oNdel and Xhol at 5’ and 3’-flanking while
that obtained from primer P6-P7 was mature nucleotide sequence of andytasé) (
with restriction site oNcol and Xhol at 5’ and 3’-flanking. The DNA fragments were
purified, digested with restriction enzymes according to their flanking sites and used as

insert fragments for cloning. Two vectors of pET21a and pET21d were extracted from
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E. coli NEB5a and digested bidel-Xhol and Ncol-Xhol, respectively. Th&myW was
inserted in pET21a while AmyM was inserted in pET21d.

Construction of recombinant plasmids for homologous expression

The primer P6-P7 and primer P8-P9 were flanked ®#-Xhol and Ncol-Xhol
for cloning of whole AmyW-1) and mature AmyM-1) amylase gene, respectively. The
expression vector used in this study was pSIP&@A containing erythromycin
resistant geneefm) as a selective marker and pSIP609GusA which carried alanine
racemase genal(). All vectors were digested witlcol-Xhol to discardgusA gene.
The DNA fragments were inserted in pSIP409 and pSIP609.

3.3.6 Ligation and transformation

The ligation was performed using T4 ligase und& 4or 16-18 h prior to
purifying. The recombinant plasmids were transformed Htaoli by Gene Pulser
XcellTM Electroporation System (Bio-Rad, CA). The gene pulser was set at 1.8 kV,
200Q, 25 pF. Vector pET21a and pET21d harboring inseet®e transformed in t&.
coli BL21 (DE3). While pSIP409 vector carrying the inserts were transformedinto
coli NEB5a and pSIP609 vector carrying the inserts were toanséd intoE. coli
MB2159, an alanine racemase auxotroph strain. For cloning in pET, pSIP409 and
pSIP609 vector, the recombinant plasmids were plated on LB agar containing 100
pg/mL ampicillin, 200 pg/mL erythromycin and only LB agar, respectively and
incubated at 3T for 24 h. Positive transformants were screened by restriction analysis
and confirmed by nucleotide sequencing. The recombiantoli BL21 carrying
pET21laAmyW and pET21dAmyM was named pAmyW and pAmyM, respectively
and E. coli NEB5a carrying pSIP409AmyW-1 and pSIP409AmyM-1 was named
pAmyW41l and pAmyM41, respectively. Moreover, the recombirfantoli MB2159
carrying pSIP609AMyW-1 and pSIP609AmMyM-1 were named as pAmyWe61l and
pAmMyM61, respectively.

For homologous expression, recombinant carrying pSIP409 and pSIP609 vector
were extracted and then transformed to electrocompetent dellptdntarum WCFS1

andL. plantarum TGLO2, respectively using the condition as followed; 1.5 kV, 200
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25 uF. Then, recombinant L. plantarwiCFS1 was plated on MRS agar supplemented
with 5 pg/mL erythromycin whild.. plantarum TGLO2 was plated on MRS agar and
incubated at 3T for 48 h. The positive transformants were screened and selected by

colony PCR technique.
3.3.7 Expression ofi-amylase gene
Heterologous expression

Recombinank. coli BL21 harboring pAmyW and pAmyM were cultured in LB
broth supplemented with 200 pg/mL ampilicin on 180 rpm rotary shaker’@t Fte
induction was performed when @9 became approximately 0.60-0.80 by adding 0.1,
0.5 and 1.0 mM IPTG. The induction was carried out on 180 rpm rotary shakéCat 25
for 12, 18 and 24 h.

Homologous expression

Recombinant. plantarum harboring pAmyW41 and pAmyM41 were cultured in
MRS broth supplemented with 5 pg/mL erythromycin while the recombinant harboring
pAmyW61, pAmyM61 were cultured in MRS broth alone and static incubated@t 37
The induction was performed when g@pPbecame ~0.30 by adding 25 ng/mL peptide
pheromone or induction peptide (IP). The induction was performed@til ODsq

became ~6.00.
3.3.8 Preparation of recombinant eamylasefrom E. coli

Biomass was harvested by centrifugation at 6000 rpm for 20 min. The cell was
washed twice with 20 mM Na-phosphate buffer pH 6.5 and resuspended with the same
buffer prior to disruption by French pressure cell press. Cell debris was removed by
centrifugation at 25000 rpm af@. The clear supernatant was designated as crude

intracellular enzyme.

3.3.9 Purification and characterization of recombinant eamylase from E coli
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Cell extract ofE. coli was used as crude enzyme for purification. The enzyme was
purified to homogeneity within two steps including immobilized-metal affinity
chromatography (IMAC) and Q-sepharose anion exchange chromatography. Crude
enzyme was applied into HiPrep IMAC FF 16/10 column (GE Healthcare, Freiburg,
Germany) equilibrated with binding buffer containing 0.5 M NaCl, 20 mM
NaHPO,-2H,0 and 5 mM imidazole pH 6.5. After binding step, the enzyme was eluted
with linear gradient of 5-500 mM imidazole in 0.5 M NaCl and 20 mMHNRO,-2H,0
pH 6.5 with flow rate of 1 mL/min. The active fractions were pooled, desalted and
equilibrated with 20 mM Na-phosphate buffer pH 6.5 for further applying in to Q-
sepharose polishing column that equilibrated with 20 mM Na-phosphate buffer pH 6.5.
The enzyme was eluted by linear gradient of 0-0.5 M NaCl in the same buffer with flow
rate of 0.2 mL/min. The active fractions were pooled, desalted and stor¥l @iat to

characterization.

To confirm the identical properties of native and recombinaatnylase, the pH
and temperature optimum and stability, substrate specificity and kinetics were
performed according to the method as previously described in Chapter 2. The hydrolysis
products of recombinant-amylase fronE. coli were determined by TLC as described

previously in Chapter 2.
3.3.10 Preparation of recombinant eamylase from L plantarum

After induction by IP, biomass of recombindntplantarum carrying pAmyW61 was
harvested out of culture medium by centrifugation at 6000 rg@,fdr 20 min. The

supernatant was used for enzyme purification.

3.3.11 Purification and characterization of recombinant e-amylase from

L. plantarum

According to higher enzyme quantity and higher specific activity, the extracellular
a-amylase was used for purification. Culture supemmatvas precipitated by 80% of
ammonium sulfate and the pellet was resuspended in 20 mM Na-phosphate buffer pH
6.5. The solution was dialyzed against the same buffer overnigR€afThe enzyme

was homogenously purified by Q-sepharose fast flow column equilibrated with 20 mM
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Na-phosphate buffer pH 6.5. The elution was performed by linear gradient of 0-0.5 M
NaCl in the same buffer with flow rate of 15 mL/min. The active fractions were pooled,

desalted and equilibrated with 20 mM Na-phosphate buffer pH 6.5 for applying in

DEAE-sepharose fast flow column equilibrated with the same buffer. The elution step
was performed as described above with the flow rate or 5 mL/min. The active fractions
were pooled, desalted and equilibrated with 20 mM Na-phosphate buffer pH 6.5 for
applying in Q-sepharose polishing column equilibrated with the same buffer. The
elution step was carefully performed as described above with the flow rate of 0.2

mL/min. The active fractions were pooled, desalted and storé€ dodfurther used.

To confirm the identical properties of native and recombinaatnylase, the pH
and temperature optimum and stability, substrate specificity and kinetics were
performed according to the method as previously described in Chapter 2. The hydrolysis
products of recombinant-amylase fromL. plantarum were determined by TLC as

described previously in Chapter 2.

3.4 Results
3.4.1 Isolation ofa-amylase gene

According to the result from enzyme purification and characterization, we found
thata-amylase fronL. plantarum S21 had molecular weight of approximately 100 kDa
as estimated by SDS-PAGE and confirmed by mass spectrometry. The data were very
useful to find out someactobacillus sp.a-amylase genes from genebank of which the
amylases had similar molecular weight to that fronplantarum S21. Thex-amylases
from L. plantarum A6 (U62095), L. amylovorus NRRL B4540 (U62096),L.
manihotivorans LMG18010 (AF12605) had high similarity to each other and were
chosen for primer design. The nucleotides of 3000 bp were completely obtained by
colony PCR method. The gene was inserted in pJET/1.2 vector for further nucleotide
sequencing. The sequencing result were analyzed and blasted to other similarity. It was
found thatL. plantarum S21 a-amylase gene consisted of 2730 bp, encoded to 910
amino acids, in which initiated by GTG and terminated by TAA as shown in Figure 3.4.

First 108 nucleotides, encoded to 36 amino acids, were predicted to be signal DNA
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sequence of the amylase gene. The restriction sBamaH| was found at position 1422
in which identified to be the joining region of the N and C-terminus of the enzyme as
previous described in Chapter 2. The repeated nucleotide sequence also found

corresponding to the deduced amino acids.
3.4.2 Expression ofi-amylase gene in Ecoli

The entire AmyW) and mature geneAfnyM) of a-amylase were amplified and
cloned into pET2la and pET21d resulting in pAmyW and pAmyM for pET2la
harboringAmyW and pET21d harboringmyM, respectively. The recombinant plasmids
were transformed td&. coli BL21 (DE3) and the positive clones were selected and
confirmed. The expressions of these positive clones were performed under the induction
of IPTG at different concentrations and different induction temperatures. The result was
demonstrated in Table 3.4 and 3.5. It was found that the recomlnesit produced
the highesti-amylase when it was induced with 0.1 mM IPTG. AjH@r concentration
of IPTG conducted to lower enzyme production and the temperaturé®fx2s found
to be the best temperature for induction of the amylase. The highest amylase activity
and specific activity of 21700 U/L and 49 U/mg was attained after induction with 0.1
mM IPTG for 18 h, respectively. This was approximately 5 times higher production

yield compared to the wild type.
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Figure 3.4 Thea-amylase gene of. plantarum S21; nucleotides sequence encoded

signal peptide was underlineBamHI restriction site represented in box; start and stop

v
GTGAAAAAAA

AGAAAAGTTT

CTGGCTTGTT

TCTTTTTTAG

TTATAGTAGC

TAGTGTTTTC

TTTATATCTT

TTGGATTGAG

CAATCATTCT

AACCAAGTTG

CTCAAGCGGA

ACATCAACTG
CATGCATGGT
GGCTACACAG
AAGTCATTAA
TATTTAGGAA
AGGATCATTG
GAAATTAAAA
CGTGAAGATG
CAAGTTCAGA
TTTCGTTATG
AGCAATTTCT
CAGGACTCGA
TACGGCAATA
AATTTCAACA
TATGCTAACG
GCTGTTGTTG
GGTAATGGTA
TATGATAAAG
TATATTTCTA
GTTGTTTTTG
GATGGGACTT
ACCGGTACAA
AGTAGTAGTA
AGTACAGTTT
CCTGGCARAG
GAAGATGACT
AATAAGGCTG
ACTTCTGATT
AAGCCTTCAA
GCTATAACTT
TTGGATCTCG
AATCAAACAC
CAAAATGGTG
ACTAAAAAGG
TATAATAAAA
TTAGGTAACG
GTTATCTTTA
ACGGCTGATG
AGTAGTACAA
ACAGTTTATG
GGCAAAGAAA
GATGACTCTG
GAGGCTGGTT
TCTGATTCAA

ATGACTCAAG
GCTGGTCGTT
CGGTTCAAAC
ACAACTGGTA
CGGAAGCTGA
TCGATGCAAC
GTATTTCAAA
TTACTCAAAA
CGTATTTGAA
ATGCAGCTAA
GGCCAAATAT
TTTCAAAAGA
CGATTCGCAA
TCAGTGTTCC
ATGATCAAGT
CTTCGCGTTC
CTCGGTTCCC
CAGTTGTAGC
ATCCAAATGG
CAAACGCTTC
ATGAAAACAA
TTCAAGGACG
CAACAACAGA
ATGCCTATGT
AAATGACCGC
CTGATTTAGC
GTTTTACCTT
CAAGCAGCAG
GTTGGGGTAG
CAGCTTGGCC
ACACTGATGA
CAGCAGCTAA
TCGTAAAAAC
TTTATTTTGA
ATACGAATAA
ACGAATATAA
CCGATGGGAC
CCACTTATGA
CAACAGAAAC
CCTATGTTTA
TGACCGCTTT
ATTTAGCTGT
TTACCTTTAC
GCAGCACATC

CAATGATACA
CAACACGATT
TTCACCTGTT
TTGGCTATAT
ATTTAAGTCA
TCTGAATGAT
TTGGACACAT
TTCGTTGTTA
GAATTATTTG
GCATATTGAA
TACTGATAAT
ATCAGATTAT
TGCGTTAAAG
AGCTTCTAAA
TTCGACTTGG
TGGTAGTGTT
TGGCAGTTCA
TGTTAATAAA
CAATACCAAG
CGACGGTTCA
GGCTGGTTCA
TGAAGTTGTT
AACTAAAAAG
TTATAATAAA
TTTAGGTAAC
TGTTATCTTT
TACGGCTGAT
TAGTAGTACA
TACAGTTTAT
TGGCAAAGAA
AGATGACTCT
TAAGGCTGGT
TTCTGATTCA
AAAGCCTTCA
AGCTATAACT
ATTGGATCTC
AAATCAAACA
TCAAAATGGT
TAAAAAGGTT
TAATAAAAAT
AGGTAACGAC
TATCTTTACC
GGCTGATGCC
AAGCACTTCG

codon represented in triangle

GCTGATTCTG
AAAAACAACT
AATGAAGTTA
CAGCCAACTA
ATGTGCGCTG
ACAACAAGTG
GGTAACACAC
GGTTTATATG
GAACGCTTGA
CTTCCAAGTC
GGGTCTGAAT
GCTAATTACA
AATCGTGATT
TTAGTAACTT
ATGAATAGTA
CCGCTGTTCT
GAAATTGGTG
TTCCATAATG
ATTTTTGAAA
TATAGTTTGA
GATGAATTTA
GTTCTTTACG
GTTTATTTTG
AATACGAATA
GACGAATATA
ACCGATGGGA
GCCACTTATG
ACAACAGAAA
GCCTATGTTT
ATGACCGCTT
GATTTAGCTG
TTTACCTTTA
AGCAGCAGCA
AGTTGGGGTA
TCAGCTTGGC
GACACTGATG
CCAGCAGCTA
GTCGTAAAAA
TATTTTGAAA
ACGAATAAAG
GAATATAAAT
GATGGGACAA
ACTTATGATC
TAA

A
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TTAGCGACGG
TGAAACAGAT
AAGTTGGAAA
AATATAGTAT
CTGCTAAAGA
ATTATAGTGC
AAATTTCGAA
ATTGGAATAC
TTTCTGACGG
AATATGATGG
TTCAGTATGG
TGAGTGTTAC
TTACCGCAAG
GGGTCGAATC
GTGATATTAA
TTGACCGTCC
ATGCTGGCAG
CAATGGCTGG
ATGAACGTGG
GTGTTAAAAC
CCGTTAAAAA
dEeaTochac
AAAAGCCTTC
AAGCTATAAC
AATTGGATCT
CAAATCAAAC
ATCAAAATGG
CTAAAAAGGT
ATAATAAAAA
TAGGTAACGA
TTATCTTTAC
CGGCTGATGC
GTAGTAGTAC
GTACAGTTTA
CTGGCAAAGA
AAGATGACTC
ATAAGGCTGG
CTTCTGATTC
AGCCTTCAAG
CTATAACTTC
TGGATCTCGA
ATCAAACACC
AAAATGGTGT

TAGTTATACG
TGTTATTTTG
TCATGACGCC
TAGCGCGTCT
TGGTAACTAT
ATATAATATC
AATTTCGGAT
TTGGAGTGAT
TCAAAATTCT
AGCTTCAGGC
CAGCTATGGC
TGAAGTTTTG
AGCTTCAAAT
TACTTTGCAG
GCATGATAAT
ATTAGGCTGG
AGTTGATGGT
CAGTTTGTAT
TCAATCTGAA
CAGCAAAGGG
TAGTTTAGCT
TGGTTATTTA
AAGCAGCAGC
AAGTTGGGGT
TTCAGCTTGG
CGACACTGAT
ACCAGCAGCT
TGTCGTAAAA
TTATTTTGAA
TACGAATAAA
CGAATATAAA
CGATGGGACA
CACTTATGAT
AACAACAGAA
TGCCTATGTT
AATGACCGCT
TGATTTAGCT
TTTTACCTTT
AAGCAGCAGT
TTGGGGTAGT
AGCTTGGCCT
CACTGATGAA
AGCAGCTAAT
CGTAAAAACT
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Table 3.4 Effect of IPTG concentration on recombinaiatnaylase induction

_ Intracellular enzyme
[IPTG] (mM) Induction (h) ODsggo

U/L medium mg/L medium U/mg

0 12 4.0905 2253.09 556.13 4.05
18 4.199 2728.71 503.65 5.42
24 4.315 1075.27 420.10 2.56
0.1 12 2.8955 18228.85 404.75 45.04
18 3.5265 21665.62 442.85 48.92
24 3.725 13704.11 418.40 32.75
0.5 12 2.8787 18650.43 412.47 45.22
18 3.5212 17774.72 428.98 41.43
24 3.7467 10102.29 421.78 23.95
L 12 2.8165 16666.24 392.09 42.51
18 3.496 15508.29 396.30 39.13
24 3.671 9110.03 394.70 23.08

Table 3.5 Effect of temperature on recombinargmylase production

Intracellular enzyme

Temperature OB
U/L medium mg/L medium u/mg
18 2.2782 13583.74 325.18 41.77
25 3.5212 17774.72 428.98 41.43
30 2.901 1425.88 390.43 3.65

3.4.3 Purification and characterization of recombinant eamylase from E coli

The recombinanti-amylase was obtained by harvesting the cell bionwss
recombinantE. coli. The a-amylase activity was found in cell extract fractiofrhe
enzyme was purified within two steps including affinity chromatography and Q-

sepharose chromatography. The enzyme was homogenously purified to 1060 U/mg with
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15.7% recovery as confirmed by SDS-PAGE (Figure). All purification steps were

concluded in Table 3.6.

Table 3.6 Purification of recombinantamylase from Ecoli

Purification steps Protein  Activity  Specific activity  Purification Recovery

(mg) (Unit) (U/mg) (folds) (%)
Crude extract 212 14305 67.5 1.0 100
Ni-NTA Affinity
chromatography 7.5 2356 314.1 4.7 16
Q-sepharose 1.3 1378 1060.0 15.7 10

The molecular mass of recombinammamylase was estimated by SDS-PAGE
under reduced condition. It was found that the recombinant enzyme had the similar
molecular weight to that from wild type (Figure 3.5). The result indicated that the

recombinant enzyme had identical molecular weight to the wild type.

kDa
250

150

» 100

Figure 3.5 SDS-PAGE of recombinanti-amylase from Ecoli
pH optimum and stability of recombinant a-amylase

Optimum pH for amylase activity was found in range of 4.0-6.5 as shown in
Figure. Surprisingly, the enzyme also had broad pH stability from pH 4.0-8.6G837
shown in Figure 3.6a and 3.6b.

Temperature optimum and stability of recombinant eeamylase
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Optimum temperature ef-amylase was in range of 37°%85which similar to that
from the wild type. The recombinant enzyme seemed to have slightly higher
temperature optimum as shown in Figure 3.6¢ and 3.6d. Stability for 1 h against various
temperature revealed that the enzyme was stable at temperature frofC25-66
enzyme retained approximately 50% of initial activity atG5ut it lost most activity at

higher temperature for 1 h.
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Figure 3.6 pH optimum (a) and stability (b); temperature optimum (c) and stability (d)

of recombinanti-amylase from Ecoli

Substrate specificity

The substrate specificity indicated that the recombinant enzyme was identical to
wild type enzyme as presented in Table 3.7. Starch and amylose were the best substrate

for the enzyme.
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Table 3.7 Substrate specificity of recombinardmylase from Ecoli

Relative activity (%)

Substrate
Wild type enzyme Recombinant enzyme
Starch 100.0 100.0
Amylose 105.5 117.5
Amylopectin 89.0 72.6
Glycogen 49.5 47.3

Kinetic parameters

The recombinant enzyme best reacted with starch amylose and amylopectin
insignificantly regarding th&, values as demonstrated in Table 3.8. Vhg« values
were corresponded to the substrate specificity and did not have significant difference to

the wild type enzyme.

Table 3.8 Comparison of Kand \jax values of recombinantamylase from Ecoli to

the wild type enzyme

Wild type enzyme Recombinant enzyme
Substrate
Km (mg/mL) Vmax (U/mL-min) Kmn (mg/mL)  Vimax (U/mL-min)
Starch 8.43+0.74 1167.27+42.67 7.60+0.63 482.54+15.79
Amylose 9.78+0.96 1995.12+115.36 8.28+£1.08 858.22+62.32
Amylopectin 9.10+0.99 879.69+41.18 9.07+1.12 396.39+21.00
Glycogen 12.74+1.03 322.98+13.06 15.18+1.15 225.06+25.36

As well as thek.s: and keofKm values of recombinant enzyme, it was high affinity
to amylose, starch, amylose and glycogen respectively as presented in Table 3.9. The
maximum reducing sugar of 7.25%1Mg/mLsec obtained from amylose that was not

differed to the wild type enzyme.
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Table 3.9 Comparison of:l¢ and k.o/Krn values of recombinantamylase from Ecoli

to the wild type enzyme

Wild type enzyme Recombinant enzyme
Substrate
Keat(per sec)  KealKm (mg/mLsec)'  Kear(per sec) KealKm (mg/mL:sec)*
Starch 4.13x16 4.90 x16 3.38 x10 4.45 x16
Amylose 7.05 x1H 7.21 x16 6.01 x16 7.25 x16
Amylopectin 3.11 x1d 3.42 x16 2.78 x16 3.06 x16
Glycogen 2.21 x10 1.46 x16 2.26 x16 1.78 x16

Hydrolysis products

Maltose and glucose were still the main hydrolysis products from the substrates
used as same as the wild type (Figure 3.7).
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Figure 3.7 Pattern of hydrolysis products from recombinaatylase from Ecoli
3.4.4 Overexpression of recombinant-@mylase from E coli

Overexpression af-amylase AmyM) was attained when signal peptide sequence
of the gene was discarded. The enzyme yield and enzyme specificity were higher than
that from wild type and the recombindatcoli harboring whole sequence @famylase
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gene. The maximum-amylase activity of 80400 U/L was attained by ingre of 0.5

mM IPTG at 28C for 18 h. The specific activity was considerably higher than the
previous expression with 166 U/mg but highest specific activity of 198 U/mg was found
when induction was performed with 0.5 mM IPTG for 18 h (Table 3.10).

Table 3.10 Overexpression ofamylase gene i&. coli

PTG] Intracellular enzyme
Induction ODsoo

(mM) U/L mg/L  U/mg
12 h 0.1 3.184 69550.61 376.90 184.53
0.5 3.089 68314.23 344.78 198.14
1 3.046 68370.01 380.03 179.91
18 h 0.1 3.184 76090.62 419.19 181.52
0.5 3.089 80397.83 48258 166.60
1 3.046  72485.79 474.11 152.€9
24 h 0.1 3.313 73057.71 476.41 153.35
0.5 3.257 71094.37 43191 164.61
1 3.231 71562.89 413.06 173.25

3.4.5 Expression ofi-amylase gene in Lplantarum

Homologous expression of amylase gene in L. plantawas performed in both
conventional and food grade system. The results were demonstrated in Table 3.11 which
revealed that recombinant L. plantarexpressed the gene in form of extracellular
enzyme rather than intracellular enzyme. The main activity of 3243 and 3567 U/L was
obtained from L. plantarunWCFS1, a conventional host and L. plantarum TGLO02, a
food grade host. The equal amount of the enzyme and their specific activity obtained
from these systems were also closed to each other at 55 and 60 U/mg. However, only
recombinant L. plantarunTGLO2 was selected for enzyme production in order to purify

the enzyme and for further utilization.
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Table 3.11 Expression of-amylase genes in. plantarum TGL02

' Extracellular enzyme Intracellular enzyme
Plasmids

U/L mg/L  U/mg U/L mg/L  U/mg

pAMyW61 324291 59.05 54.92 320.15 22469 1.42

pAmMyw41 3567.15 59.90 59.55 718.22 295.05 2.43

Effect of IP concentration on eamylase production

The IP (Induction peptide) concentration between 25-50 ng/mL had positive effect
on induction of extracellulan-amylase in term of recovery yields in contrast to
intracellular enzyme. However, the yields of extracellular enzyme had no significant
difference among IP concentration among 50-100 ng/mL (Table 3.12). To attain high

enzyme specific activity, the IP concentration of 75 ng/mL should have been selected.

Table 3.12Effect of IP concentration on induction of recombinardamylase fronL.
plantarum TGLO2 harboring pAmyW61

[IP] Extracellular enzyme Intracellular enzymeSecretion efficiency
(ng/mL) UL mg/L Umg UL mg/L U/mg (%)

25 2590.03 80.75 32.07 698.4f 582.72 1.20 78.76

50 3134.99% 82.25 38.12 1076.48 568.96 1.89 74.44

75 3324.48 71.95 46.211260.40°533.44 2.36 72.51

100 3199.4%5 68.70 46.57 1428.85571.12 2.50 69.13

3.4.6 Purification and characterization of recombinant e-amylase from
L. plantarum TGLO2 harboring pAmyWwe61

To confirm the identical properties of the recombinant enzyme obtainedLfrom
plantarum harboring pAmyWe61. The-amylase enzyme obtained from food grade
plantarum was harvested and precipitated by 80% ammonium sulfate as similar step as
purification of wild type enzyme. The enzyme was further purified until homogeneity

by cation exchange chromatography. The recovery yield was obtained by only 8.6% but
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the enzyme was purified to 41 folds with 1007 U/mg (Table 3.13). The purity of the
enzyme could also observed by a single protein band on SDS-PAGE as shown in Figure
3.8.
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Figure 3.8 SDS-PAGE of recombinastamylase from Lplantarum TGLO02 harboring
pAMyW61

Table 3.13Purification of recombinani-amylase fronlL. plantarum TGLO2 harboring
pAMyWo61

Protein Activity  Specific activity Purity  Recovery

Steps
(mg) (Units) (Units/mg) (folds) (%)
Crude 303.65 7456.30 24.56 1.00 100.00
Precipitation 302.48 3458.00 11.43 0.47 46.38
Q-sepharose 17.46 3020.40 172.99 7.04 40.51
DEAE-sepharose 3.85 1178.67 306.15 12.47 15.81
Q-sRPH957 0.64 639.97 1007.51 41.03 858

(polishing step)

pH and temperature optimum and stability of a-amylase from L plantarum

As described previously, the enzyme obviously had identical pH and temperature
optimum to enzyme from wild type as well as pH and temperature stability as shown in
Figure 3.9
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Figure 3.9 pH optimum (a) and stability (b); temperature optimum (c) and stability (d)
of recombinanti-amylase from Lplantarum TGLO2 harboring pAmywW61

Substrate specificity

The recombinant enzyme had certainly the same substrate specificity to wild type

enzyme as concluded in Table 3.14.

Table 3.14 Substrate specificity of recombinaramylase from Lplantarum TGL02

harboring pAmyw61

(%) Relative activity

Substrate
Wild type enzyme Recombinant enzyme

Starch 100.0 100

Amylose 105.5 127
Amylopectin 89.0 92

Glycogen 49.5 55

Raw starch 0 0

Pullulan 0 0
a-cyclodextrin 0 0
B-cyclodextrin 0 0
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Kinetic parameters

The K, andVnax Of purified recombinanti-amylase was slightly different to the
values from wild type (Table 3.15). The recombinant enzyme had somewhat iKigher
values but lowelVnax values towards starch amylose, amylopectin and glycogen than
that from wild type as well as the, and k../Ky, values (Table 3.16). However, all
kinetic values from the recombinant enzyme had obviously the same trends as wild type
enzyme and recombinant enzyme fr&mcoli. Here, the recombinant enzyme still had

high affinity to amylose as the best substrate and released 7°2imble per min.

Table 3.15Comparison oK, andVmnax values of recombinant-amylase AmyW) from

L. plantarum TGLO2 to the wild type enzyme

Wild type enzyme Recombinant enzyme
Substrate
Km (mg/mL)  Vmax(U/mL-min) Km (mg/mL) Vimax(U/mL-min)
Starch 8.43+0.74 1167.27+42.67 12.09+1.08 738.39+32.38
Amylose 9.78+0.96 1995.12+115.36 12.56+1.47 998.01+75.12
Amylopectin 9.10+0.99 879.69+41.18 12.12+1.08 582.36+25.48
Glycogen 12.74+1.03  322.98+13.06 35.49+3.00 289.21+17.43

Table 3.16 Comparison ofk., and keofKr, values of recombinand-amylase AmyW)
from L. plantarum TGLO2 to the wild type enzyme

wild type Recombinant enzyme
Substrate
keat(per sec) KeafKm (mg/mLsec)  Keat(per sec) KealKm (mg/mL-sec)'
Starch 4.13x16 3.87x10 4.90x1G 3.20x16
Amylose 7.05x18 5.24x10 7.21x16 4.17x16
Amylopectin 3.11x10 3.06x18 3.42x16 2.52x16
Glycogen 2.21x10 1.52x18 1.46x1G 4.28x10

Hydrolysis products
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Perfect expression of recombinant enzyme fllanplantarum was considerably
confirmed by pattern of hydrolysis products. The result revealed that the recombinant
enzyme still conserved the same propertiek. iplantarum as homologous expression
host. The main hydrolysis products regarding all substrates for hydrolysis were found to

be maltose and glucose (Figure 3.10).
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Figure 3.10 Pattern of hydrolysis products from recombinaainylase from food
grade L. plantarumTGLO2 harboring pAmyWwe61

3.4.7 Expression of mature eemylase gene in Lplantarum

The maturen-amylase gene was trialed expectantly to expressidgn pSIP409
and pSIP609 for overproduction of enzyme as fourigl toli. The result was definitely
different to that inE. coli since very low amount of intracellular enzyme and the

specific activity were attained from both expression systems (Table 3.17).

Table 3.17 Expression of matureamylase geneAfmyM) in L. plantarum

. Extracellular enzyme Intracellular enzyme
Plasmids
U/L mg/L u/mg U/L mg/L  U/mg
pAmyM41 0 88.03 0.00 17495 564.61 0.31
pAMyM42 0 82.53 0.00 362.32 737.89 0.49
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3.5 Discussion

The a-amylase gene was isolated from genomic DNALoplantarum S21 in
order to clone and express i coli andL. plantarum WCFS1 to investigate
overproduction ofi-amylase. Production ef-amylase was important since the enzyme
had excellent properties as described in Chapter 2. The entire amylase gene of 2733
nucleotides was isolated and sequenced. We found GTG as start codon and TAA as
terminated codon and found that the first 108 nucleotides were corresponded to signal
peptide sequence as predicted by Genetyx software. However, this sequence was
considered and definitely related to the peptide sequence as presented in Chapter 2. The
N-terminus and C-terminus joined BamHI site. This gene shared high similarity with
a-amylase genes ofactobacillus spp., particularlyL. plantarum A6 andL.
manihotivorans LMG18010. Two insert fragments were provided in order to clone

entire and mature-amylase gene for homologous and heterologous egimes

The pET21a and pET21d was used as expression vector for expresSiaolin
BL21 (DE3). The result showed that the gene was perfectly expressid ooli
particularly when the matureamylase gene used as insert fragment. Recombinant
amylase was produced after inductiontofcoli by IPTG. The enzyme was accumulated
inform of intracellular enzyme. It was found that entireamylase was expressed
successfully with amylase yield of 21665 U/L which was 5 times higher yield than
production inL. plantarum S21, wild type. Amylase specific activity was moreover
high up to 49 U/mg which was higher than that obtained from wild type (35 U/mg).
Surprised expression was found when mature amylase gene was expressed. Amylase
activity of 80400 U/L was produced with the highest specific activity of 166 U/mg. The
result indicated successful overexpressionoedmylase gene irE. coli since the
production yield was not only 20 times higher than wild type but the specific activity
was also increased to 4.7 timé&s.coli, the most well know expression host, typically
used for expression of gene from prokaryotes. For further properties determination of
purified enzymes and utilization, manyamylase genes from lactic acid bacteria were
isolated and expressed using this system according to the overproduction and easy
purification steps could be approached. A matogenic amylaselfrgasseri expressed

in E. coli was performed in order to determine the notable properties of the recombinant
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enzymes (Olet al. 2005). Twoo-amylase genes @& bovis 148 were expressed B
coli for the same purpose (Satoh et H93).

Homologous expression was performed usingplantarum WCFS1 and its
derivative, food gradé. plantarum as host strains. Entire amylase gene was expressed
in bothL. plantarum in form of extracellular enzyme in contrast to case of mature gene.
Previous discussion revealed the discovery of signal peptide sequence of amylase gene.
In addition, a-amylase activity was found in cell extract fractiorthen maturea-
amylase gene was expressed in pSIP-vector. This result indicatedl. thntarum
WCFS1 required complete gene for higher expression which indicated that the
nucleotide sequence encoded signal peptide was so importantpfantarum in order
to express the gene. A graceful result advantaged expression of other genes in
plantarum if extracellular proteins were required. Up to now, there was few paper
reported production of extracellular enzyme lin plantarum using pSIP409 and
pSIP609 expression vectdr. plantarum WCFS1 and the food grade system had been
proved to be probiotics for which it was used as vehicle for drug delivery (Matlgesen
al. 2009).L. plantarum WCFS1 had been so far used as expression host to accumulate
proteins or enzymes in the cell and most papers reported the production of intracellular
enzymes. Therefore, those enzymes came from mature gene. Nguglen(2011b)
succeeded in overproduction bbctobacillus spp. B-galactosidase irL. plantarum
WCFS1 carrying pSIP409 recombinant vector. Then, this vector and the compatible
host were manipulated to food grade system under induction of IP for overproduction
the enzyme (Nguyenet al. 201la). The evidence revealed the successful of
overexpression of the gene for intracellular enzyme production. Ngaiyan(2011b)
expressedB. licheniformis chitinase gene with its complete chitinase genelL.n
plantarum WCFS1 but they did not success in production of extracellular enzyme with
the complete chitinase gene because the signal peptide sequence was not recognized by
the host. This result was in contrast to our result since we found that the level of entire
a-amylase gene expression was really similar to Wwifte in addition to the specific
activity that was slightly increased to 55 U/mg. When the maitamylase gene was
expressed inL. platarum WCFS1, the adverse result was furthermore found. No

extracellular enzyme was detected and less intracellular enzyme was moreover
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obtained We suggested that the nucleotide sequence encoded signal peptide was so
important to either transcription or translation edmylase gene.

Recombinanta-amylases fromE. coli and food gradd.. plantarum harboring
entire a-amylase gene were purified for further charactéoma Cell extract of
recombinantE. coli were purified within two steps. According to great advantage of
PET vector, amylase protein was fused with 6xhistidines tag for purification by
immobilized metal ion affinity chromatography (IMAC). The specific activity of 314
U/mg was obtained with 16% recovery; however Q-sepharose chromatography was still
required to polish interfere proteins. The recombinant enzyme was purified until
homogeneity with the specific activity of 1060 U/mg as confirmed by SDS-PAGE.
Properties of the purified enzyme including optimum and stability of pH and
temperature, substrate specificity, Kinetic parametefs Vmax Keas Kea/Km) and pattern
of hydrolysis products were identical to the purified enzyme from wild type. As well as
recombinanti-amylase from wild type, properties of extracellutaamylase from food
grade L. plantarum were definitely similar tooa-amylases from wild type and
recombinant. coli. The results in this chapter were valuable and meant to production
of a-amylase for further application particularly corsien of starch to lactic acid.

3.6 Conclusion

This chapter described the homologuous and heterologous expresswon of
amylase gene isolated froin plantarum S21. The accomplishment was concluded as

followed:;

1. Isolation ofa-amylase gene from. plantarum S21 was successful by
colony PCR technique using primers designed based:-amylases fromL.
plantarum A6, L. manihotivorans LMG18010 andL. amylovorus NRRL B4540.

The complete sequence consisted of 2733 nucleotides was obtained. The 108
nucleotides encoded for 36 amino acid sequence identified to signal peptide

sequence.

2. Overproduction ofi-amylase was successful when the mature gene was

expressed irkE. coli in contrast to the result of expressioriLimplantarum. Thea-
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amylase yield of 20 times was increased with specific activity of 166 U/mg
compared to L. plantarun$21.

3. Signal peptide ol. plantarum S21 is functioned by.. plantarum
WCFSL1 and its derivative according to the occurreneceaylase activity in the

production medium.

4. Both intracellular enzyme from recombindat coli and extracellular
enzyme from recombinant. plantarum are identical to wild type enzyme
regarding the same biochemical characteristics, molecular mass and pattern of

hydrolysis products.

5. The overproduction of recombinant enzyme is useful for direct
conversion of starch to lactic acid. By the way, the signal peptitdeméntarum
S21 could be used as alternative sequence for production of extracellular enzyme

from recombinant. plantarum WCFS1 and its derivative.
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