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CHAPTER 1

INTRODUCTION

Redox reactions are important steps in the metabolism and
energy conversion of living cells. Besides the necessity of enzymes, a
number of coenzymes are involved in such reactions: ferrodoxins, lipoic
acid, NAD(H), NADP(H), flavins and cytochromes. The coenzymes
differ in their redox potential, in the binding constants and the mode of
regeneration. NADH/NADPH are the most frequently encountered

. coenzyme. In general they dissociate easily and need a second reaction

with another metabolite for regeneration. These properties are important
for the flow of intermediates in response to biosynthetic needs. Because -
of wide range properties of the coenzyme moiety, dehydrogenases have
been extensively studied in the past and have found widespread
applications in clinical and food analysis.

The chiral compounds such as hydroxy acids, amino acids or
alcohols from prochiral precursors have a high economic value and find
direct applications in food and feed, or serve as building block in
syntheses of therapeutics, herbicides and insecticides. To develop
- enzyme-catalyzed synthesis of such chiral compounds further, additional
dehydrogenases with a suitable substrate ranges as well as efficient
coenzyme regeneration systems are required (Hummel and Kula, 1989).

Amino acids are micromolecules found in all organisms and
can be divided into two groups by the ability of rotation the plane of
polarized light. They are L-formed and D-formed amino acids
(Lehninger, 1993). The second one is rarely found in organism while the
first one play important role in all life. L-amino acids are the building
- block of enzyme, hormone, antibody and oxygen-transported protein,

“ Furthermore, amino acids can also balance buffering capacity in blood
(Holum, 1982) and often function as chemical messengers in the
communications between cells (Bender, 1975)

- Nowadays, the using of L-amino acid for many compounds
* synthesis are spread widely in industries. About L-alanine, besides the
using in drug, it can be used as food additive because of its sweet taste
(Suye et al., 1992). In addition, there are many reports described the
using. of L-alanine in the synthesis of DOPA (dihydroxyphenylalanine)

which is the precursor of many chemicals such as melanin which found

© in hair and skin, dopamine ; the one of chemicals messengers in nervous
system, norepinephrine and epinephrine (Reinhold et al., 1987).
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The defect of tyrosine hydroxylase cause the decreasing in producing of
DOPA, subsequently, the defect of melanin will occur. The defect of
DOPA also cause Pakinson’s disease, but the using of DOPA drug can
release the effect of this disease by repairing the activity of nervous
system. The derivative of L-alanine like (N-(p-chlorobenzoyl)-2-(2-
-cyanoethyl))alanine also used for control immune system and protected
the development of tumor (Nagano et al., 1985) while L-phenylalanine
was used as precursor in sweetener production e.g. aspartam (Ohshima
and Soda, 1979). '

From the requirement of L-amino acid in various
applications, there were many groups of researchers who were interested
in the production of L-amino acid by chemical reaction, however, the
products contained equal amount of D-formed and L-formed amino acid
(Takai, 1992). Therefore, some of researchers attempted to produce L-
amino acid by enzymatic method e.g. L-amino acid transaminase, amino
acid racemase (Berberich et al., 1968) and L-amino acid B-decarboxylase
(Yamamoto et al., 1980). For L-amino acid dehydrogenases, they are also
widely studied and the enzymes, which prepared from microorganism,
are widely used for synthesis and measurement of L-amino acid in the
samples (OChshima and Soda, 1979).

Many kinds of nicotinamide-dependent L-amino acid
dehydrogenase have been found (Table 1.1). They catalyze the reversible
deamination of amino acid to a-keto acid and ammonia. This reaction is
specific to L-isomer of amino acid as shown in Figure 1.1. The
participation of NAD(P)" makes these enzyme systems a valuable tool for
analysis of L-amino acids or their corresponding oxo acids. By reductive
amination of the oxo acid, L-amino acid can be obtained in a lot of yield
because the equilibrium of the reaction favours amino acid formation.

Among amino acid dehydrogenases shown in Table 1.1, L-
alanine dehydrogenase is the first enzyme that has been studied ( Yoshida
and Freeze, 1964 cited in Hummel and Kula, 1989). L-alanine
dehydrogenase catalyzes the reversible deamination of L-alanine to
pyruvate as shown in Figure 1.2. This enzyme has been found in spores
and vegetative cells of various bacteria. Some strains of Bacillus
especially reveal high levels of alanine dehydrogenase and some of these
have been used for the preparation of the enzyme. Alanine dehydrogenase

-~ is a key enzyme in the degradation of L-alanine ; the resulting pyruvate
“can easily be metabolized via the tricarboxylic acid cycle. Like leucine

- dehydrogenase, alanine dehydrogenase in spores seems to be responsible
for generation of energy during sporulation. Screening for the distribution




Table 1.1 The group of L-amino acid dehydrogenases

Enzyme E.C.number Coenzyme
AlaDH 14.1.1 NAD"
GluDH 1.4.1.2 NAD"
GluDH 1.4.13 NAD(P)*
GiuDH 1.4.14 NADP"
SerDH 1.4.1.7 NAD"
ValDH 1.4.1.8 NAD(P)*
LeuDH 1.4.19 NAD"
GlyDH 1.4.1.10 NAD*
3,5-diamino-hexanoate DH 1.4.1.11 NAD"
2,4-diamino-pentanoate DH 1.4.1.12 NAD(P)"
LysDH 1.4.1.15 NAD"
Diamino-pimelate DH 1.4.1.16 NADP*
PheDH 1.4.1.- NAD"
TyrDH 1.4.1.- NAD(P)*

Source : Ohshima and Soda, 1979
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"HN—C—H + NAD(P)' + 04— C=0 + NH; + NAD(P)H + H'

COOH (,]OOH

vvFvigurezl.l The general reaction of L-amino acid dehydrogenase

CH; (IZH3
== ._ . |
HN—C—H + NAD'+ H O «—» C=0 + NH; + NADH + H’

OOH éOOH

b __i_gtiie 1.2 The reaction of L-alanine dehydrogenase
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of alanine dehydrogenase in bacteria by Ohshima et al. (1990) revealed
high enzyme activities in Bacillus sphaericus, B. aneurinolyticus, B.
circulans and B. cereus. The specific activity in the crude extract ranged
between 0.15-0.41 units/mg. This homogeneous enzyme from B.
sphaericus has been prepared after seven purification steps. The enzyme
has a molecular mass of 230 kDa and composes of six identical subunits.
The enzyme oxidizes quite specifically for L-alanine (K, 18.9 uM), only
slight activity is found for L-2-amino-butyrate, L-serine, L-norvaline, and
L-valine. The pH optimum for the reductive amination is around 9.0 and
between 10.0-10.5 for the oxidative deamination.
e In 1977, Edward and Peter purified and characterized alanine
 dehydrogenase from Halobacterium cutirubrum and found that 100-fold
purified enzyme had a molecular mass of about 72.5 kDa. The activity of
enzyme was increased when temperature increased, but it was not stable
‘and the enzyme worked well in solution that had positively ions like K,
Na’ and NH4". In 1987, Bellion and Tan purified alanine dehydrogenase
from methylotrophic bacterium Pseudomonas sp. which grown in
succinate and ammonium chloride media. The enzyme was purified about
400-fold with a 214 kDa of molecular mass and consisted of four
identical subunits. It was specific for NAD" and ammonium and showed
maximal activity at about pH 9.0 for reductive amination reaction.
In 1988, Vancurova et al. purified and characterized the
. alanine dehydrogenase from Streptomyces aureofaciens and found that it
had a molecular mass of 395 kDa and consisted of 8 subunits. The
suitable pH for the reaction is closely with those from other reports.
Caballero et al. purified and characterized the enzyme from phototrophic
bacterium Rhodobacter capsulatus E1F1 in 1989. The enzyme had a
“molecular mass of about 210 kDa and consisted of 4 subunits which
different from S. aureofaciens. In 1990, Ohshima et al. purified and
characterized the enzyme from thermophilic Bacillus sphaericus DSM
462 and found that properties of the enzyme was closely with Bacillus,
but it was more stable at high temperature.
% In 1994, Sawa et al. purified and characterized the alanine

dehydrogenase from cyanobacterium Phormidium lapideum and found
- that the molecular mass and the amount of subunits were closely with that
of Bacillus, but the suitable pH for reactive amination and oxidative
deamination reaction were 8.4 and 9.2, respectively. In 1998, Chowdhury
et al. found that alanine dehydrogenase from Enterobacter aerogenes had
“molecular mass of about 245 kDa and consisted of 6 identical subunits.
The enzyme shows maximal activity at about pH 10.9 for the deamination
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of L-alanine and at about pH 8.7 for the amination of pyruvate. The
E. aerogenes enzyme is stable and has a lower X,, for L-alanine (0.47
mM) than those of the Bacillus enzymes. In addition, Chowdhury ef al.
also cloned alanine dehydrogenase from E. aerogenes by PCR technique
and sequenced the gene and was found that the deduced amino acid

~ sequence had high similarity to the sequences of other alanine
- dehydrogenases. Recently, in 1999, the cold-adapted alanine

dehydrogenase from Shewanella sp. was studied by Galkin et al. and
found that the enzyme had molecular mass of 240 kDa and consisted of 6
identical subunits like Bacillus enzymes. They also cloned the gene and
compared amino acid sequence of the enzyme with those of other
bacterial sources and found the high identity with Vibrio proteolyticus, a
mesophilic gram-negative bacterium belonging to the same group in the
y-subdivision of class Proteobacteria as Shewanella sp. The alanine
dehydrogenases from various sources have different in properties
, dependmg on the kinds of bacteria as shown in Table 1.2.
o Alanine dehydrogenase shows pro-R(A-) stereospecificity
for hydrogen transfer from C-4 position of the nicotinamide moiety of
NADH to the substrate while the other amino acid dehydrogenases show
pro-S (B-) stereospecificity except lysine dehydrogenase that is pro-R
like L-alanine dehydrogenase as shown in Figure 1.3.

Even though the alanine dehydrogenase is the first enzyme
in the group of amino acid dehydrogenase, which have been studied, very

scarce information is available when compared with those of other amino
“racid dehydrogenases especially in the part of cloning, sequencing and

~ protein structure.- Amino acid sequences of alanine dehydrogenase from
B. sphaericus and B. stearothermophilus were compared with those of
other amino acid dehydrogenases by Kuroda et al. (1990) and were
suggested that gly-175, gly-178, gly-181 and asp-198 of alanine
dehydrogenase might be the binding region of nicotinamide coenzyme.
Furthermore, the chemical modification of alanine dehydrogenase in B.
subtilis was studied (Delforge et al, 1997) and the amino acid sequence
was also compared with the enzyme from Mycobacterium tuberculosis
and Synechocystis sp.. From this report, lys-74 was found to be the
- substrate binding site and the enzyme probably had a different active site
~from other B-stereospecific amino acid dehydrogenase, since alanine
dehydrogenase was A-stereospecific and no sequence similarity was
found between alanine dehydrogenase and other B-stereospecific amino
acid dehydrogenase such as glutamate dehydrogenase and leucine
dehydrogenase, except the coenzyme binding site. The three dimensional



Table 1.2 Some properties of alanine dehydrogenase from different

sources
Source Mr(x10° Da) Degree of K, values(mM)
(subunit structure) | Purification
L-ala NAD" pyr NH; NADH
Aeromonas hydrophila 230(6x40,000) -x100 200 017 133 77 0.25
Bacillus subtilis 228(6x38,000) x356 173 0.18 054 38 0.023
Bacillus sphaericus 230(6x38,000) x340 189 023 17 28 0.010
Bacillus cereus 255(6x42,000) - - - - - -
Bacillus stearothermophilus 235(6x39,465) x30 - - - - -
(Escherichia coli cioned cell)
Thermus thermophilus 290{6x438,000) x85 42 032 0.75 59 0.035
Streptomyces clavuligerus 92(monomer) x38 9.1 05 1.1 30 0.14
Streptomyces phaeochromogenes 240(6x35,000) x20 7.1 0.036 029 61 0.047
Streptomyces aurecfaciens 395(8x48,000) x714 50 011 056 6.7 0029
Streptomyces fradiae 205-210(4x51,000) x1180 100 0.18 023 .12 0.050
Pseudomonas sp. 214(4x53,000) x400 - - - - -
methylotrophic)
Desufvibrio desuficans - x56 - - - - -
Halobacterium cutirubrum 72.5(monomer) x100 K, values are salt dependent
Halobacterium salinarium 60(monomer) x500 X, values are salt dependent
Anabaena cylindrica 270(6x43,000) x700 04 0.014 0.11 8-133 -
Rhizobium lupini bacteroids 180(4x41,000) - - - - - -
Rhodobacter capsulatus E1F 1 246(6x42,000) x50 125 0.15 013 16 025
(phototrophic) (NADPH)
Phormidium lapideum 240(6x41,000) - 50 004 033 606 0.02
Enterobacter acrogenes 245(6x40,000) x23 047 016 022 66.7 0.067
Shewanella sp. 240(6x40,000) - 76 024 - - -

Source : modified from Ohshima and Soda, 1979
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Figuré'_1.3 Stereospecificity of the transferring of NADH-hydrogen atom
catalyzed by alanine dehydrogenase
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structure -of alanine dehydrogenase was firstly studied by Baker et al.
(1998). In this report, the alanine dehydrogenase from Phormidium
lapideum was studied and found that the subunit was constructed from
two domains. Each subunit having the common dinucleotide binding fold.
The refined structure of the L-alaDH-NAD" binary complex reveals that
the NAD" binds to the C-terminal end of the strands in domain 2 in
a manner similar to that seen in other dehydrogenase. From the 27
residues that contact with the NAD", 13 residues are identical in all of the
alanine dehydrogenase. Baker et al. also proposed that all residues
involved in binding with pyruvate were conserved residues. About the
active site of alanine dehydrogenase, arg-15 may show the property in
stabilizing the pyruvate carboxyl, his-95 should be used for the acid/base
catalysis and positively charged residue lys-74 should be used for
polarize the carbonyl of substrate.

For cloning, there are few reports about alanine
dehydrogenase available. Recently, polymerase chain reaction (PCR)
technique has been applied for sequencing and cloning of amino acid
dehydrogenase gene. Since only two short peptide sequences of the
enzyme are required for design the initial primers. It makes more
convenience and takes less time when compared with genomic library
cloning method. Therefore, PCR cloning and nucleotide sequencing are
interesting for this research.

The polymerase chain reaction (PCR) consists of repeated
cycles of template denaturation, primer annealing and extension to
amplify a segment of DNA located between two primers. The selectivity
and specificity of the PCR on two specific primers itself restricts the
application of conventional PCR to amplification of unknown genes. A
modification of PCR, which is known as ‘inverse PCR’, has been
invented to amplify an unknown gene which juxtaposes a known region.
The general application of this technique is shown in Figure 1.4, DNA
containing the sequence of interest is digested by a suitable restriction
enzyme to produce a 2,000 to 3,000 nucleotide restriction fragment
containing the known ‘target’ sequence flanked by two regions of
unknown sequence. After digestion, the DNA is ligated and the ligated
DNA circles are then amplified by PCR. Two oligonucleotides are
designed which anneal to opposing strands but which direct Tag
polymerase-catalyzed DNA synthesis away from one another, in contrast
to the usual PCR amplification. For this reaction, the method was dubbed
‘inverse’ PCR. New DNA strands primed by either oligonucleotide
primer extends round the circularized DNA, eventually incorporating a
complementary copy of the other primer. A linear strand of DNA is
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produced. This new DNA contains opposing primer sites and is now a
new PCR template, which is amplified in the usual way (Eeles et al.,
1993)

Alanine dehydrogenase has been used in L-alanine

production. The most popular process that used to produce L-alanine is

" ultrafiltration membrane reactor. The system contains L-alanine
dehydrogenase, formate dehydrogenase and NAD' which binds with
polyethyleneglycol by covalent bond (PEG-NAD') so the hybrid
molecules can not pass through the membrane. The reaction is started by
adding formic acid and formate dehydrogenase which catalyze reaction to
form PEG-NADH. The reaction produces more stable NADH and uses
low cost in production. Then the reaction is continued by passing
pyruvate (pyr) and ammonium formate (NH,HCO,) through reactor. L-
alanine and carbondioxide gas are taken as products (Yamamoto et al.,
1980). The reaction is shown in Figure 1.5.

In addition, L-alanine dehydrogenase can be used with other
enzymes for D-amino acid producing called multi-enzyme system. This
system contains L-alanine dehydrogenase, formate dehydrogenase,
~ alanine racemase and D-amino acid aminotransferase. The D-amino acid

: aminotransferase is selected to use because of its high specificity for

" substrate while L-alanine dehydrogenase and formate dehydrogenase are
used for L-alanine and NADH producing, respectively (Galkin et al,
1997). The reaction is shown in Figure 1.6.

According to the system above, many kinds of D-amino acid
such as D-glutamate, D-methionine and D-valine can be produced. The

" D-amino acid products will be further used in chemical synthesis of B-

lactam antibiotics and bioactive peptides.

_ The analysis of amino acid, a-keto acid and ammonia by
using of amino acid dehydrogenase are important in medicine, bioprocess
control and nutrition. Furthermore, the method is easier and cheaper when
compared with ion-exchange high performance liquid chromatography
method. The variation in detection of amino acid is depended on type of
enzyme. For L-alanine dehydrogenase, besides in the measurement of the
“-amount of L-alanine and pyruvate, it is used for detection of y-glutamyl
cyclotransferase, which is the marker enzyme for malignant
hematopoietic disease. This disease is caused by the serious defect in red
blood cell production. The patients who suffered from this disease have
abnormal level of this enzyme and can be detected the occurred L-alanine
by using y-glutamyl cyclotransferase as shown in Figure 1.7 (Ohshima
and Soda, 1990). '
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A. it L-alanine, CO,
Wi >
<+— membrane
PEG-NAD"* FDH
pyr, — p» | alaDH
NH,HCO, _j
B. L-alanine
alaDH
pyr + NH,HCO,

Figure 1.5 The production of L-alanine by ultrafiltration membrane
reactor
A. enzyme membrane reactor
B. the reaction of L-alanine producing catalyzed by enzyme
alaDH : alanine dehydrogenase
FDH : formate dehydrogenase
PEG : polyethyleneglycol
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Formate NAD* -« L-alanine < P D-alanine keto acid
: \ ala racemase \ D-amino acid
FDH alaDH aminotransferase
CO, NADH pyruvate < -amino acid
v
NH;

Figure 1.6 Multi-enzyme system in the production of D-amino acid
alaDH : alanine dehydrogenase
FDH : formate dehydrogenase
ala racemase : alanine racemase
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. GCT
v-glutamyl-L-alanine » S-oxoproline

alaDH

L-alanine

NADH NAD"

Figure 1.7 The detection system of y-glutamy! cyclotransferase
GCT : y-glutamyl cyclotransferase
 alaDH : alanine dehydrogenase
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According to Aderomonas hydrophila, screened from soil in
Bangkok (Phungsangthum, 1997), is one of bacteria which have high
activity of alanine dehydrogenase. The previous research presented that
alanine dehydrogenase from this bacterium has molecular mass of about
230 kDa and consists of 6 identical subunits. The enzyme is highly
specific for L-alanine and NAD". Optimum temperature for reductive
amination and oxidative deamination are 45 and 55°C, respectively.
Enzyme activity remains high when incubated at 55°C for 16 hours. The
optimum pH for reductive amination is 8.0 while the reverse reaction rate
.. is highest at pH 10.5. The steady state kinetic studies including product
inhibition on the enzyme reaction indicates that the oxidative deamination
proceeds through a sequential ordered binary-ternary mechanism in
which NAD" binds first to the enzyme followed by L-alanine and
products are released in the order of pyruvate, ammonia and NADH,
respectively. The X, values for NAD", L-alanine, pyruvate, ammonia and
~NADH were 0.17, 20, 1.33, 77, and 0.24 mM, respectively. N-terminal

~amino acid sequence of the enzyme is MIIGVPKEIKNHEYRVGMVPA

SVRELTARNHTVFVQSGAGN and one part of the internal amino acid
sequences of this enzyme is LAEQGYRNLLSDPHLRHGINVMAGKK
(Phungsangthum, 1997). From the amino acid sequences, they are used as
the data for design the degenerated primers for the initial PCR
amplification of alanine dehydrogenase gene from A. hydrophila. This
amplified fragment will be used as template for DNA sequencing and its

- result will be further used as a primary data for the next amplification,

which led to cloning this gene in the final step.

Since alanine dehydrogenase from Aeromonas hydrophila
has not been reported, the studies about cloning and sequencing of this
gene are required for further studies in developing the properties of the
enzyme for the suitable process in industries of Thailand.



CHAPTER II
MATERIALS AND METHODS
21 Equipments
Auto_clave: Model H-88LL, Kokusan Ensinki Co.,Ltd., Japan

Autopipette: Pipetman, Gilson, France
Camera: Pentax super A, Asahi Opt. Co., Japan

. Centrifuge, refrigerated centrifuge: Model J2-21, Beckman Instrument

Inc., U.S.A.
- Centrifuge, microcentrifuge: Model MC-15A, Tomy Seiko Co.,Ltd.,
~7 Japan
Electrophoresis unit: Hoefer™ miniVE, Amersham Pharmacia Biotech.,
U.S.A.; 2050 MIDGET, LKB, Sweden ; Mini protein, Bio-Rad,
U.S.A. and Submarine agarose gel electrophoresis unit
Gene Pulser™: Bio-Rad, U.S.A.
Heating box: Type 17600 Dri-Bath, Thermolyne, U.S.A.
<+ Incubator: Model 1H-100, Gallenkamp, England
Incubator shaker: Model G-76, New Brunswick Scientific Co., Inc.,
- USA.
Incubator, water bath: Model M20S, Lauda, Germany and BioChiller
2000, FOTODYNE Inc., U.S.A.
. Magnetic stirrer: Model Fisherbrand, Fisher Scientific, U.S.A.
. Membrane filter: cellulose nitrate, pore size 0.45um, Whatman, England
- Microwave oven:; Model TRX 1500, Turbora International Co., Ltd.,
Korea
pH meter: Model PHM95, Radiometer Copenhegen, Denmark
Power supply: Model POWER PAC 300, Bio-Rad, U.S.A.
Sonicator: Model W375, Heat systems-ultrasonics, U.S.A.
Spectrophotometer: Spectronic2000, Bausch&Lomb, U.S.A. ;
UV-240, Shimadzu, Japan, and DU Series 650, Beckman, U.S.A.
Thermal cycler: GeneAmp PCR system 2400, Perkin Elmer Cetus,
= US.A.
UV transluminator: Model 2011 Macrovue, San Gabriel California,
U.S.A.
_ Vortex: Model K-550-GE, Scientific Industries, Inc, U.S.A.
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2.2 Chemicals

~Acrylamide: Merck, Germany

Agar: Merck, Germany _ '

Agarose: SEKEM LE Agarose, FMC Bioproducts, U.S.A.
Ammonium persulphate: Sigma, U.S.A.

Ammonium sulphate: Carlo Erba Reagenti, Italy
Ampicillin: Sigma, U.S.A.

- B-mercaptoethanol: Fluka, Switzerland

" Boric acid: Merck, Germany

Bovine serum albumin: Sigma, U.S.A.
5-bromo-4-chloro-3-indolyl-3-D-galactosidase (X-gal): Sigma, U.S.A.
Bromphenol blue: Merck, Germany

- Chloroform: BDH, England

Coomasie brilliant blue R-250: Sigma, U.S.A.

di-Potassium hydrogen phosphate anhydrous: Carlo Erba Reagenti, Italy
di-Sodium ethylenediaminetetra acetate: M&B, England

- DNA marker: Lamda (A) DNA digested with Hind III, GiIBCOBRL,
U.S.A.

85% Phosphoric acid: Mallinckrodt, U.S.A.

Ethidium bromide: Sigma, U.S.A.
Ethyl alcohol absolute: Carlo Erba Reagenti, Italy
-Ficoll type 400: Sigma, U.S.A.
" Glacial acetic acid: Carlo Erba Reagenti, Italy
Glycine: Sigma, U.S.A.
Glucose: BDH, England
GeneAmp PCR core reagents: Perkin Elmer Cetus, U.S.A.; GIBCOBRL, . -
" TU.S.A. and TAKARA SHUZO Co., Ltd., Japan
Hexadecyl trimethyl ammonium bromide: Sigma, U.S.A.
Hydrochloric acid: Carlo Erba Reagenti, Italy
Isopropylthio-B-D-galactosidase(IPTG): Sigma, U.S.A.
Isoamy] alcohol: Merck, Germany
Isopropanol: Merck, Germany
= L-alanine: Sigma. U.S.A.
Magnesium sulphate 7-hydrate : BDH, England
N,N-dimethyl-formamide: Fluka, Switzerland
N,N"-methylene-bis-acrylamide: Sigma, U.S.A.
< NNN'N “tetramethyi-1,2-diaminoethane (TEMED): Carlo Erba
Reagenti, Italy
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Nicotinamide adenine dinucleotide (oxidized form) (NAD"): Sigma,
U.S.A.
~Nitroblue tetrazolium: Koch-Light Laboratories Ltd., Japan
Peptone from casein pancreatically digested: Merck, Germany
Phenazine methosulfate: Nacalai Tesque, Inc., Japan
Phenol: BDH, England
Potassium chloride: Merck, Germany
Potassium phosphate monobasic: Carlo Erba Reagenti, Italy
QIAquick Gel Extraction Kit: QTAGEN, Germany
Riboflavin: BDH, England
Sodium acetate: Merck, Germany
Sodium carbonate anhydrous: Carlo Erba Reagenti, Italy
Sodium citrate: Carlo Erba Reagenti, Italy
Sodium chloride: Carlo Erba Reagenti, Italy
Sodium dodecyl sulfate: Sigma, U.S.A.
. Sodium hydroxide: Merck, Germany
-Sucrose: Sigma, U.S.A.
_‘;:.-.-__':'-Trxs(hydroxymethyl) aminomethane: Carlo Erba Reagenti, Italy

- Yeast extract: Scharlau microbiology, European Union

2.3 Enzymes and Restriction enzymes

Lysozyme: Sigma, U.S.A.

Proteinase K: Sigma, U.S.A.

Restriction enzymes: GIBCOBRL, U.S.A. and New England BioLabs,
Inc., U.S.A.

- RNase: Sigma, U.S.A.

Taq DNA Polymerase: GIBCOBRL, U.S.A. and TAKARA SHUZO Co.,
% Ltd., Japan
T,DNA ligase: GIBCOBRL, U.S.A.

2.4 Bacterial strains and plasmids
Aeromonas hydrophila was screened from soil in Bangkok
(Plyarat 1997).
) Escherichia coli IM109, genotype: F* [traD36 proAB” lacl?
lacZAM15] recAl supFE44 endAl hsdR17T gyrA96 relAl thi A(lac-proAB)
was used as a host for transformation.

: pUC18 was used as a vector for cloning and transformation
mto E coli IM109 (Appendix A).
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2.5 Chromosomal DNA Extraction

Chromosomal DNA of Aeromonas hydrophila was prepared
by using the method modified from Frederick er al (1995). A single
colony of the bacterium was grown in 10 ml of 1% peptone medium (1%
peptone, 0.2% K,HPO,, 0.2% KH,PO,, 0.2% NaCl, 0.01% MgS0,.7H,0
and 0.01% yeast extract, pH 7.2) with 250 rpm rotary shaking at 30°C for
24 hrs. The cell culture was centrifuged in each 1.5 ml microfuge tubes
for 5 min at 10,000 rpm. Then cell pellet was collected and resuspended
in 567 pl of TE buffer pH 8.0 (10 mM Tris-HCl and 1 mM EDTA) by
repeated pipetting. The cell solution was then treated with 30 pl of 10%
SDS and 3 ul of 20 mg/ml proteinase K, gently mixed and incubated at
37°C for at least 2 hrs. After incubation, it was added with 100 pl of 5 M
NaC] and mixed thoroughly. Subsequently, 80 ul of CTAB-NaCl solution
(10% CTAB and 0.7 M NaCl) was added, then mixed and incubated at
65°C for 10 min. An equal volume of chloroform-isoamyl alcohol (24:1)
was added and gently mixed by inversion. The mixture was centrifuged at
12,000 rpm for 10 min. The upper-phased liquid was transferred to a new
tube. An equal volume of phenol-chloroform-isoamyl alcohol ( 25:24:1 )
was added, then mixed and centrifuged for 10 min at 12,000 rpm. The
upper-phased liquid was transferred to a new tube and extracted with
phenol-chloroform-isoamyl alcohol as above again. The upper-phased
liquid was transfered to a new tube and then 0.6 volume of isopropanol
was added to precipitate DNA. The tube was inverted several times and
then placed at —20°C for at least 30 min. The mixture was centrifuged at
12,000 rpm for 10 min, then supernatant was discarded and the pellet was
washed with 100 ul of 70% ethanol. The tube was centrifuged at 12,000
rpm for 10 min. The supernatant was discarded and the pellet was
allowed to air-dry. The DNA was finally dissolved in an appropriate
volume of RNase-TE buffer (1 mg of RNase in i ml of TE buffer). The
amount of DNA was estimated by submarine agarose gel electrophoresis
compared with known amount of A DNA/HindIIl marker.

2.6 PCR Amplification

2.6.1 Primers
The first set of primers that used for the first internal-part
gene fragment amplification were degenerated primers designed by using
the data of N-terminal and internal amino acid sequence (see
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introduction) of alanine dehydrogenase. The example of primer design is
shown in figure 2.1. The next two series of primers were designed from

the nucleotide sequences. The sequences of all primers are shown in
Table 2.1.

2.6.2 Template

2.6.2.1 Templates for amphﬁcatmn of internal alanine

dehydrogenase gene
Chromosomal DNA was digested with EcoRI or

HdeI The reaction mixture containing 5 pg of chromosomal DNA, 1x
reaction buffer for EcoRI or HindIll and 10 U of EcoRI or 10 U of
HindIII in total volume of 50 ul was incubated at 37°C for overnight.
After incubation, the 5 ul of 3 M sodium acetate, pH 5.2 was added, then
mixed and an equal volume of isopropanol was added for DNA
precipitation. The tube was centrifuged at 12,000 rpm for 10 min. Then
supernatant was discarded and the 70% ethanol was added to pellet for
washing. The tube was centrifuged at 12,000 rpm for 10 min. After
centrifugation, the supernatant was discarded and the pellet was dried
briefly. The DNA was finally dissolved in 10 pul of sterile distilled water.
A 0.5 ul (250 ng) of the DNA solution was used as template in each
reaction of PCR.

2.6.2.2 Templates for amplification of N-terminal and C-
terminal region of alanine dehydrogenase gene ( inverse PCR )

Chromosomal DNA was completely digested with

each restriction enzyme : Bg/ll, BsfEll, EcoRl, HindIll, Ndel, Pstl; Pvull,
Spel and Sphl. The reaction mixture containing 5 ug of chromosomal
DNA, 1x reaction buffer for each enzyme and 10 U of each enzyme in
total volume of 50 pl was incubated at 37°C overnight, except for BsfEIl
digestion, the reaction was incubated at 60°C. After incubation, the 5 nl
of 3 M sodium acetate (pH 5.2) was added, then mixed and an equal
volume of isopropanol was added for DNA precipitation. The tube was
centrifuged at 12,000 rpm for 10 min. Then supernatant was discarded
and the 70% ethanol was added to pellet for washing. The tube was
centrifuged at 12,000 rpm for 10 min. After centrifugation, the
supernatant was discarded and the pellet was dried briefly. The DNA was
finally dissolved in 10 ul of sterile distilled water. Then the DNA solution
was ligated by T4 DNA ligase. The reaction mixture containing 10 ul of
DNA solution, 1x ligation buffer (50 mM Tris-HCl pH 7.6, 10 mM
MgCly, 1 mM ATP, 1 mM DTT and 5%(w/v) polyethylene glycol-8000 )
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N-terminal amino acid sequence :
MIIGVPKEIKNHEYRVGMVPASVRELTARNHIVFVQSGAGNGIGF
SDADYLAAGAEILA

Amino acid sequence which used for design primer :
KEIKNHEY ( Lys GluIle Lys Asn His Glu Tyr)

Codon usage of A. hydrophila (sorted by the often usage) :

Lys Glu Ile Lys Asn His Glu Tyr

AAG GAG ATC AAG AAC CAC GAG TAC

AARA GAA ATT AAA AAT CAT GAA TAT
ATA

Nucleotide sequence of primer (5’»3’) :
AAR GAR ATT AAR AAY CAY GAR TA (64 combinations)

Note: Y=C,T R=AG N=ACGT

! Figure 2.1 Flow chart for degenerated primer design
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Table 2.1 Nucleotide sequence and 7, of all prnners used in alanine
dehydrogenase amplification

Primer Sequence (5°>3”) T, | Remark
" ¢C)
NF1 AARGARATTAARAAYCAYGARTA . 49.2 | For the first internal gene
' ' fragment amplification and
- sequencing
NF2 CCSAARGARATCAARAAYCAYGA 47 Ko ”
NF3 ARYCAYACTGTTTTYGTNCAR 52.7 B
CR1 CCTGCCATTACRTTTARNCCRTG 62.3 e ”
CR2 SGCGTTGCGRTASCCCTGYTCNGC 60 B
CR3 GCRTTTCTRTATCCYTGYTCNGC 61.9 R
‘NF4 GCCAGTGTACGTGAACTGACAGCACGAAA | 67.7 | Forthesecond internal gene
CCATACC fragment amplification and
sequencing
NF5 1 GCCARGGCGGAGATGATCGTCAAG 63 e
'NF6 AAGGTCAAGGAGCCCCAGGCGGTC 66.4 e -
' CR4 CTTGATGATGAAGGGCAGGGTGGCGTTGT | 69.9 e >
: TCAGGGC
'NRO GCCCGGACGCAGCATGGCGCGCTCGACCG 79 | For N-terminal and C-
: CCTGGGG terminal gene  fragment
’ amplification and sequencing |
NR GGCAGCCAGATAATCTGCGTCACTGAACC | 68.8 e
i CAATGCC
NR2 - | GAACCCAATGCCATTTCCTGCGCCGCTTT 68.8 e
3 GGACGAA
CFO GTGGACGTGGCCATCGATCAGGGCGGCTG | 74.5 e »
: CGTCGAG
CF ACCTTCATTGTCGACGACGTGGTGCACTA | 68.8 B
: CTGCGTG
CF2 = | GCCGTGGCACGCACCTCCACCGTGGCCCT | 74.5 e e ”
GAACAAC
N-ECO | GGGAATTCAGGAAACAGACCATGATTATC | 66.5 | For the whole gene fragment
| GGTGTACCTAAGG anplification
| C-HIN | GGAAGCTTCAGTTCAGCAGGGTCAGGGGA | 72.4 e —
' | TCCGTGTAGGCCA
Note : N=ACGT
,  R=A.G

Y=C(C,T
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and 10 U of T4 DNA ligase in a total volume of 20 ul was incubated at
. 16°C for 16 hours, then precipitated and dissolved in sterile water as the
direction above. After that, the DNA product in each reaction was
_completely digested with Kpnl. The reaction mixture containing DNA
solution, 1x reaction buffer for Kpnl and 10 U of Kpnl in total volume of
20 pl was incubated at 37°C overnight, then precipitated and dissolved in
- 10 pl sterile water as above. The 2 pul of DNA solution was used for each
reaction of PCR. '

2.6.2.3 Templates for amplified the whole gene fragment
v Chromosomal DNA was digested with Hindlll. The
- reaction mixture containing 5 pg of chromosomal DNA, 1x reaction
buffer for HindIIl and 10 U of HindIll in total volume of 50 pl was
“incubated at 37°C overnight. The 5 ul of 3 M sodium acetate, pH 5.2 was
added, then mixed and an equal volume of isopropanol was added for
‘DNA precipitation. The tube was centrifuged at 12,000 rpm for 10 min.
- After centrifugation, the supernatant was discarded and the pellet was
washed with 70% ethanol. Then the tube was centrifuged at 12,000 rpm
- for 10 min. The supernatant was discarded and the pellet was dried
briefly. The DNA pellet was finally dissolved in 10 pl of sterile distilled
~water. The 1 ul (500 ng) of DNA solution was used as template for each
reaction of PCR.

2.6.3 PCR condition

The 4 parts of alanine dehydrogenase gene were amplified
. by 4 steps of PCR as shown in Figure 2.3 and the conditions of each part
of PCR was described in Table 2.2.
' The 50 pl of reaction mixture contained 2.5 U of Tag DNA
- polymerase, 2.5 mM each dNTPs, 1X PCR buffer, 1.0-2.0 mM MgCl,,
DNA template and 10 pmole of each primer, except in the first internal
- gene fragment amplification, 100 pmole of each primer was used.

27 Agarose gel electrophoresis

Agarose gel electrophoresis was performed in order to
separate DNA fragments on the basis of their molecular sizes.
Appropriate amount of agarose was weighed and mixed with TBE buffer

(89 mM Tris-HCI, 8.9 mM boric acid and 2.5 mM EDTA, pH 8.0) and
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5 3
3, 57
5’ 3,
3, 53
5’ 3’
<+—<ENR CFP——»  inverse PCR
3’ 5’
5 3’
3P 5’

Figure 2.2 Strategy for PCR amplification and sequencing of alanine
dehydrogenase gene of Aeromonas hydrophila
The alanine dehydrogenase gene is boxed. The primers for
PCR are shown by thick arrows. The sequencing strategy is indicated by
thin arrows.



Table 2.2 PCR condition in each step

The region of gene fragment Primer pairs  [Predenaturation] Denaturation Annealing Extension |Final extension| Number
which amplified of cycle
The first internal gene NF1xCR1, 94°C for 94°C for 1 min. {37°C forl min. |72°C for2 min.| 72°C for 10 | 40
fragment NF1xCR3, 10 min. - min.
' NF3xCR1,
NF3xCR3 and
NF2xCR2 :
The second internal gene NF4xCR4, 94°C for 94°C for 1 min. |60°C forl min.|72°C for2 min.| 72°C for 10 | 40
fragment NF5xCR4 and 10 min, min.
v NF6xCR4 ‘
N-terminal and C-terminal NROxCFO0, 94°C for 94°C for 1 min. [50°C for 30 sec.| 72°C for2 min. |72°C for 7 min.| 30
gene fragment NRxCF and 10 min.*
NR2xCF2 .
The whole gene fragment N-ECOxC-HIN 94°C for 94°C for 1 min, [50°C for 30 sec. 72°C for2 min. |72°C for 7 min.| 30
10 min.*

* After predenaturation for 10 min., the Tag DNA polymerase was added.

74
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- heated until complete solubilization in a microwave oven. The agarose
solution was incubated at 60°C until all air bubbles were completely
-eliminated. The solution was then left at room temperature to 50°C before
- pouring into an electrophoresis mould. After the gel was completely set,
it was prechilled in a refrigerator for at least 30-60 minutes before using.
~ The comb and seal of the mould were carefully removed. When ready,
one-fifth volume of the loading dye (0.025% bromphenol blue, 40%
- ficoll 400 and 0.5% SDS ) was mixed with each DNA sample before
loading into the well. Electrophoresis was operated at 100 V until
bromphenol blue migrated to approximately 2 cm from the bottom of the
~ gel. The gel was stained with a 2.5 pg/m! ethidium bromide solution for 5
minutes and destained to remove unbound ethidium bromide in distilled
-water for 10 minutes. DNA fragments were visualized under a long
wavelength UV light and photographed through a red filter using Kodak
Tri X pan 400 film. The concentration or molecular weight of DNA
sample was compared with the intensity and relative mobility of the
standard DNA fragment.

2.8 Nucleotide sequencing

The specific bands of amplified DNA fragment were
purified from agarose gel by using QIAQuick gel extraction kit and then
~used for nucleotide sequencing. The nucleotide sequence of the amplified

- DNA fragment was determined after dideoxynucleotide chain termination

using an Applied Biosystems 373A DNA sequencer with a PRISM kit
(Perkin Elmer, U.S.A.)

2.9 Recombinant DNA preparation

2.9.1 Vector DNA preparation

The plasmid pUC18 was digested with EcoRI and HindIll.
- The reaction mixture containing 5 png of pUCI18, 1x reaction buffer of

" EcoRI (50 mM Tris-HC1 pH 8.0, 10 mM MgCl, and 100 mM NaCl ), 10

U of EcoRI and 10 U of HindIl in total volume of 100 pl. The reaction
~ mixture was incubated at 37°C for overnight and then harvested only
linear-formed pUCI18 from agarose gel electrophoresis by using

 QIAQuick gel extraction kit.

2.9.2 The alanine dehydrogenase gene fragment preparation
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After the amplification of the whole gene, the 4 reactions of
PCR product were pooled (200 pl) and cleaned up by adding 1 ul of 10%
SDS and 1 ul of 20 mg/ml proteinase K, mixed and incubated at 65°C
for 15 min. The 20 pl of 3 M sodium acetate was added and mixed.
After that, an equal volume of phenol-chloroform-isoamyl alcohol
(25:24:1) was added for protein extraction and mixed thoroughly. The
tube was centrifuged at 12,000 rpm for 10 min and the upper-phased
liquid was transferred to new tube. Then 2 volume of absolute ethanol
was added and placed at —20°C for precipitation at least 30 min. The tube
was centrifuged at 12,000 rpm for 10 min. The supernatant was discarded
~and the pellet was washed with 70% ethanol, then centrifuged again as
above. The pellet was dried and dissolved in 50 pl of sterile distilled
water.

According to the amplification of this fragment, the primer
N-ECO which contained EcoRI site and the primer C-HIN which
contained HindIIl site were used, therefore the above cleaned gene
fragment was further digested with EcoRI and HindIll. The reaction
- containing 50 pl of gene fragment, 1x reaction buffer for EcoRI (50 mM
Tris-HCI pH 8.0, 10 mM MgCl, and 100 mM NaCl), 10 U of EcoRI and
10 U of Hindlll in a total volume of 100 ul was incubated at 37°C
~ overnight and then the gene fragment was purified from agarose gel by
- using QIAQuick gel extraction kit.

2.9.3 Ligation of vector DNA and the gene fragment

The vector DNA from 2.9.1 and the gene fragment from
2.9.2. were ligated. The reaction mixture containing 50 ng of vector
DNA, 150 ng of the gene fragment, 1x ligation buffer (50 mM Tris-HC1
pH 7.6, 10 mM MgChL, 1 mM ATP, 1| mM DTT and 5%(w/v)
polyethylene glycol-8000 ) and 10 U of T, DNA ligase ( GIBCOBRL ) in
a total volume of 20 pl was incubated at 16°C for 16 hours and further
used for transformation.

2.10 Transformation

A portion of the ligation mixture was transformed into host

el E.coli strain JM109. Competent cells were prepared for

electroporation as described by Dower (1988). A fresh overnight culture
of E.coli IM109 was inoculated into 1 litre of LB broth with 1 volume of
overnight culture to 100 volume of LB broth. Cells were grown to log
- phase (ODgqp of 0.5 to 0.8) at 37°C with vigorous shaking. To harvest,
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cells were kept on ice for 15 to 30 minutes, and then centrifuged at
~4,000xg for 15 minutes at 4 °C. The cell pellet was resuspended in 1 litre

- of cold water and centrifuged as above. Then, the cell pellets were

.resuspended in 0.5 litre of cold water and centrifuged again. After the
“centrifugation, cells were resuspended in approximately 20 ml of 10%
glycerol in distilled water and centrifuged as above. The cell pellets were
‘resuspended to a final volume of 2 to 3 ml in 10% glycerol. This
suspension was stored at —70 °C. In the electro-transformation process,
cuvettes and sliding cuvette holder were chilled on ice. The Gene Pulser
- apparatus was set to the 25 puF capacitor, 2.5 kV, and the Pulse controller
unit was set to 200 Q. The competent cells were gently thawed on ice.
One to five microlitre of DNA from 2.9.3 was mixed with 40 pl of the
competent cells. This mixture was transferred to a cold, 0.2 cm
electroporation cuvette, and shaken to the bottom of the cuvette. The
cuvette was applied one pulse at the above settings. One millilitre of LB
-medium was added immediately to the cuvette. The cells were quickly
resuspended with a Pasteur pipette. The cell suspension was transferred to
polypropylene tube and incubated at 37°C for 1 hour with 225 rpm
shaking. This suspension was spread onto the LB agar plates containing
100 pg/ml ampicillin, 25 pg/ml isopropylthio-B-D-galactosidase (IPTG)
and 20 pg/ml 5-bromo-4-chloro-3-indolyl-B-D-galactosidase (X-gal).
Cells were grown at 37°C overnight. Bacterial clones -carrying
recombinant plasmids which formed white colonies were picked and
selected for transformants harbouring alanine dehydrogenase gene by
measuring of the enzyme activity.

2.11 Plasmid extraction ( Sambrook et al, 1992 )

The E. coli JM 109, which had recombinant plasmids was
grown in LB medium (1% peptone, 0.5% NaCl and 0.5% yeast extract,
pH 7.2) containing 100 pug/ml ampicillin at 37°C overnight. The cell
~ culture was centrifuged in each 1.5-ml microfuge tube for cell pellet
- collecting at 10,000 rpm for 5 min. Then 100 pl of solution I ( 50 mM
glucose, 25 mM Tris-HC1 and 10 mM EDTA, pH 8.0 ) which containing
5 mg/ml lysozyme was added and the pellet was resuspended by repeated
pipetting and left at room temperature for 10 min. After that, the 200 pl
of solution II (0.2 N NaOH and 1% SDS) was added, gently mixed and
placed on ice for 10 min. Then the 150 pl of cooled solution IIl (3 M
~ sodium acetate, pH 4.8) was added, gently mixed and placed on ice for 10
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min. The mixture was centrifuged at 10,000 rpm for 10 min and then the
supernatant was transferred to new tube. An equal volume of phenol-
chloroform-isoamyl alcohol (25:24:1) was added, then mixed and
centrifuged at 12,000 rpm for 10 min. The upper-phased liquid was
transferred to a new tube. For DNA precipitation, the 2 volume of cool
95% ethanol was added, then mixed and placed at —20°C at least 30 min.
The mixture was centrifuged at 12,000 rpm for 10 min. The supernatant
was discarded and the pellet was dried briefly. The DNA was finally
dissolved in an appropiate volume of RNase-TE buffer (1 mg of RNase in
1 ml of TE buffer). Plasmids were completely digested with EcoRI and
Hindll. The size of recombinant plasmid was estimated by submarine
agarose gel electrophoresis compared with relative mobility of A
DNA/HindIII marker.

2.12 Crude extract preparation

- The E. coli IM 109, which contained recombinant plasmids
was grown in 10 ml LB-medium containing 100 pg/ml ampicillin at 37°C
overnight. After that, 10 % of the cell culture was inoculated into 100 ml
- LB-medium containing 100 pg/ml ampicillin and 75 pg/ml isopropylthio-
B-D-galactosidase (IPTG). Cell culture was grown at 37°C for 20 hrs. The
cell pellet was collected by centrifuged at 8,000 rpm for 15 min, then
washed with 0.85% NaCl and centrifuged as above. After that the cell
pellet was washed with extraction buffer ( 0.1 M potassium phosphate
buffer, pH 7.4, 0.1 mM PMSF (pheny! methyl sulfonyl fluoride), 0.01 %
DTT (dithiothreitol) and 1.0 mM EDTA (ethylene diamine tetraacetic
acid) and centrifuged again. The cell pellet was placed at —80°C until the
next step. Before sonication, the cell pellet was resuspended with 5 ml of
extraction buffer. The sonication was done for 5-min pulse at the
combination of 5-sec pulse and 2-sec stop condition. The crude extract
was collected by centrifuged at 10,000 rpm for 45 min and store at 4°C.

2.13 Activity Assay

The assay system for the deamination contained 20 umole of
L-alanine, 1 pumole of NAD", 200 umole of glycine-potassium chloride-

- . potassium hydroxide buffer, pH 10.5 and enzyme in a final volume of 1.0

ml. Incubation was done at 30°C in a cuvette with a 1-cm length path.
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- The reaction was started by addition of NAD" and monitored by
measuring the initial changes in the absorbance at 340 nm.

One unit of the enzyme was defined as the amount that
catalyzed the formation of 1 pmole of NADH per minute.

2.14 Protein measurement

Protein solution ( maximum 100 pl ) was pipetted into tube.

Distilled water was added to make a total volume of 100 pl. Then 1 ml of

Bradford working buffer (see Appendix B) was added and mixed by

~ vortex. Asgs was read after 2 minutes but before 1 hour. Bovine serum
albumin was used as standard protein.

2.15 Polyacrylamide gel electrophoresis

2.15.1 Pouring the separating gel (7.7% acrylamide )

_ The gel sandwich was assembled according to the
- manufacturer’s instruction. For 2 slabs gel, the 2 ml of solution A
(0.23%TEMED(N,N,N’,N ~tetramethylethylene diamine), 1.5 M Tris-

- HC], pH 8.9) was combined with 4 ml of solution C (30.8% acrylamide)

-and 10 ml of distilled water in a small flask. The 22.4 mg of ammonium
persulphate was added and mixed by swirling or inverting container
gently. Carefully introduced solution into gel sandwich using a pipet.
When the appropriate amount of separating gel solution has been added,
gently layered about 1 cm of water on top of the separating gel solution.
The gel was allowed to polymerize about 1 hour. The water covering the
separating gel was poured off.

2.15.2 Pouring the stacking gel

The 0.5 ml of solution B (0.46% TEMED and 0.5 M
Tris-HC1, pH 6.7) was combined with 1.0 ml of solution D (12.5%
“acrylamide), 0.5 ml of solution E (0.04% Riboflavin) and 2.0 ml of
solution G (40% sucrose) in a small flask. The solution was mixed by
gently swirling or inverting the container. This stacking gel solution was
- loaded onto separating gel until solution reached top of front plate. Then
the comb was carefully inserted into gel sandwich. Fluorescence lamp
was used for the polymerization of stacking gel about 1 hour. After
stacking gel had been polvmerized, the comb was removed carefully.
Then the gel was placed into electrophoresis chamber. Solution F (0.05 M
Tris and 0.384 M glycine, pH 8.3) was added into the reservoir. The air
bubbles, which were occured in the well should be removed.
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2.15.3 Sample preparation -

The protein sample was combined with 5X tracking
dye (0.05% bromphenol blue and 40% sucrose). Then the sample solution
- was loaded into well by using syringe.

2.15.4 Running the gel

An electrode plugs were attached to proper electrodes.
Current should be flowed towards the anode for pH 8.8 gels. The power
- supply was turned on to 100-200 V (constant current). For activity
staining electrophoresis, the experiment was done at 4°C. Electrophoresis
should be continued until the dye front migrated to the bottom of the gel.
~ Power supply was turn off and then the electrode plugs were removed
~ from electrodes. The gel plates were removed from electrode assembly.
Then a spacer was removed and inserted the spacer in one corner between
the plates.

2.15.5 Staining Procedure
Protein staining

The gel was picked up and transferred to a small

container containing Coomassie Stain (0.04% coomassie brilliant blue G-

: - 250 and 3.5% HCIO, ).The gel was agitated for 5-10 minutes on a slow

_rotary or rocking shaker. The stain solution was poured out and the
Coomassie destain solution ( 7% acetic acid ) was added. The gel was
continued slow shaking. To complete destain, the destain solution should
be changed and agitated overnight or until the blue-clearly bands of
protein were occurred.

Activity staining (Gabriel, 1971 cited in Bollag et dl.,

1993)
After electrophoresis at 4°C was done, the gel was
transferred to a small container containing activity staining solution (4.25
mmole of Tris-HCl, pH 8.5, 40 umole of L-alanine, 50 pmole of NAD",

" 250 pg of phenazine methosulfate and 2.5 mg of nitroblue tetrazolium )

and agitated for 15 minutes. The purple band of alanine dehydrogenase
would be occurred and then destained with distilled water.



CHAPTER 1
RESULTS

3.1 Aeromonas hydrophila DNA Extraction

Total DNA was extracted by using the method of Federick ef
- al(1995). DNA was determined for its quality and quantity by agarose
- gel electrophoresis (Figure 3.1). It was found that extracted DNA had
molecular weight greater than 23.1 kb. The ODygppg0 ratio was in the
range of about 1.8-2.5 indicating high purity. The DNA concentration
was about 0.1-0.4 pg/ul. The quality of obtained DNA was suitable for
molecular procedure, e.g. restriction endonuclease digestion and being a
- template for PCR amplification.

3.2 Preparation of DNA as templates for PCR amplification

o The chromosomal DNA was separately digested with each
~ . of 5 restriction enzymes; BamHI, Bglll, EcoRl, HindIll and Sall. The
agarose gel electrophoresis analysis of digested DNA in Figure 3.2
showed that the pattern resulted from Bg/Il, EcoRI and HindIII digestion
still had a high molecular weight band, while BamHI and Sall gave the

- smear pattern of DNA lower than 23.1 kb.

~All of five digested DNA solutions were used as the
templates for testing PCR amplification of internal alanine dehydrogenase
gene fragment (using primer NF1 and CR1 which gave estimated PCR
product of 1,000 bp). The Figure 3.3 showed that only EcoRI and Hindll

3 2 digested DNA templates gave strong specific PCR product. Bg/II digested

DNA template also gave a similar one but at lower concentration.
" '33 Optimization of PCR condition

For amplification of internal alanine dehydrogenase gene
fragment using degenerate primer NF1 and CR1 was performed as
described in 2.6. MgCl, concentration was optimized at a constant
concentration of 2.5 U enzyme, 250 ng of Hindlll digested-DNA
template and 100 pmole of each primers. PCR-amplified DNA was
obtained only at 1.0 mM MgCl, as shown in Figure 3.4. There was no
- product when other concentration of MgCl, was used, therefore an
optimal MgCl, concentration was 1.0 mM
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»"'.Figure 3.1 Agarose gel electrophoresis showing DNA extracted from

Aeromonas hydrophila
Lane M = A/HindIll standard DNA marker

Lane 1 =standard A DNA (1 nug)
Lane 2-8 = total DNA from Aeromonas hydrophila
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Figure 3.2 Restriction enzyme digested Aeromonas hydrophila DNA
~ detected by agarose gel electrophoresis '

Lane M

Lane 1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6

= A/ HindIll standard DNA marker

= undigested A. hydrophila chromosomal DNA
= A. hydrophila DNA digested with BamH]

= A. hydrophila DNA digested with Bg/Il

= A. hydrophila DNA digested with EcoRI

= A. hydrophila DNA digested with HindIIl

= A. hydrophila DNA digested with Sall
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Figure 3.3 PCR products of primer NF1x CR1 using various templates
Lane M = A/HindIll standard DNA marker
Lane 1 = PCR products using BamHI digested DNA as template
Lane 2 = PCR products using Bg/Il digested DNA as template
Lane 3 = PCR products using EcoRI digested DNA as template
Lane 4 = PCR products using HindIlI digested DNA as template
Lane 5 = PCR products using Sa/l digested DNA as template

T1aAHA113 6
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Figure 3.4 Optimization of MgCl, concentration

Lane M = A/ HindIll standard DNA marker

Lane 1-10 =amplified product in a series of 0.5, 1.0, 1.5, 2.0,
2.5,3.0,3.5,4.0,4.5 and 5.0 mM of MgCl,, respectively
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4 For amplification of internal alanine dehydrogenase gene

. fragment which used degenerated primer NF1 and CRI1, Tag DNA

“polymerase was also optimized by varying the concentration between 1-3
U at a constant concentration of 1.0 mM MgCl,, 250 ng of HindIIl
digested-DNA template and 100 pmole of each primers. PCR-amplified
DNA was appeared in all lanes. As shown in Figure 3.5, the products had
strong band at more than 2.0 U of enzyme. Therefore an appropriated
concentration of enzyme was 2.5 U.

3.4 Nucleotide sequencing for the first fragment of alanine
dehydrogenase gene

v As shown in Figure 3.3, 3.4 and 3.5, the specific PCR
“ product (about 1,000 bp) was obtained in each reactions. In addition, PCR
amplification by using other pairs of primers { NF1xCR1, NFixCR3,
NF2xCR2, NF3xCR1 and NF3xCR3) also gave the specific products as
shown in Figure 3.6. Therefore, the specific band of NFIxCR1 PCR
products were extracted from gel by QIAQuick gel extraction kit for
. nucleotide sequencing. The DNA was sequenced on both sides of the
- 1,000 bp fragment with sense primer (NF1) and antisense primer (CR1).
The result of sequencing were shown in Figure 3.7 and 3.8 and the
nucleotide sequences of 253 bp at the 5’end and 390 bp at 3’end were
determined by compared with the GENBANK deposited DNA sequences
using BLAST (Basic Local Alignment Search Tool) at the website
http://www .ncbi.nlm.nih.gov. The 5’and 3’ sequences were homologous
- to partial part of B. subtilis alanine dehydrogenase gene (data not shown).

- 3.5 PCR amplification for the second fragment of alanine
dehydrogenase gene

From the nucleotide sequencing data of the first internal
" fragment of the gene, the new set of primers were designed from the
obtained nucleotide sequence and used for amplified inner part of gene.
The second internal gene fragment was amplified by using primer
NF4xCR4, NF5xCR4 and NF6xCR4 (the expected PCR products size
about 700 bp). No specific band was obtained from amplification with
NF4xCR4 and NF5xCR4 (data not shown). The Figure 3.9 showed that
there were smeared products which had strong band at about 700 bp size
when using primer NF6xCR4. Therefore the 700 bp band was extracted
from gel by QIAQuick gel extraction kit for nucleotide sequencing. The
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 Figure 3.5 Optimization of Tag DNA polymerase concentration
Lane M =}/ HindIll standard DNA marker
Lane 1-5 = amplified product in series of 1.0, 1.5, 2.0, 2.5
and 3.0 U of Taq DNA polymerase respectively
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Figure 3.6 Agarose gel electrophoresis showing PCR products of the
internal gene fragment amplification by using various pairs of
primers

Lane M = A/ HindIIl standard DNA marker

Lane 1 = amplified products using primer NF1xCR1
Lane 2 = amplified products using primer NF1xCR3
Lane 3 = amplified products using primer NF3xCR3
Lane 4 = amplified products using primer NF3xCR1
Lane 5 = amplified products using primer NF2xCR2
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(a)
1 GIAGGCATGGTTCCGGECCAGTGTACGTGAACTGACAGCACGAAACCATACCGTTITTCGIC

8l CARRGCGHCGOAGGAARTGGCATILGGTTCAGTGACGCAGAT TATCTGECTECCGLAGT

121 GAGATCCTGGOCTCTEOGECAGALG T TTTCGCCANGGCGGAGATGATCSTCAMGGTCAG

181 CAGCCCCAGGCGETCEAGCECHCOATGCTECETCOBEECCAGACCOTCTTTACCTACES

241 CACCTGGCGCCAG

(b)

Figure 3.7 Sequence of the first internal gene fragment of alanine
dehydrogenase using sense primer NF1
(2) DNA sequencing result
(b) nucleotide sequence of 253 bases
The regions for design further primers are shown by underline.



a1

(n)

1 IO CGACAGEERGT TG T CAMGAT T T AL TCCAACCECOAGACCCTG
8l GAGCGCCATTTGCTGECAGCAGACCTEETTATCAGTCCCATRCTGGTACCGGGUTCCAC
121 TelGCCCRARCT TOTCAGCCGTEACCACAT THCCOGCATCAALC CGLGGTLGGUCATTG

181 TCeCCCATCGATCAGIGCRGETECOGTCENGALCTCOCATRECACCACCCATGAGGATCCC

241 ACOTTCATTGTUGACGACGT GG TGCACTAC TGCGTEGCORACATOCOOGGCEECOTGET

301 ACGCACCICCACCGTILLOCC TGARCAMGCCACCCTGCCCTTCATCATCAAGCTOGECE

361 AAMACCCCTATCECACOCACTECTCAGES

(b)

Figure 3.8 Sequence of the first internal gene fragment of alanine
dehydrogenase using antisense primer CR|
(a) DNA sequencing result
(b) complementary nucleotide sequence of 390 bases
The region for design further primers are shown by underline.
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Flgure 3.9 PCR products of primers NF6 and CR4

Lane M = A/ HindIll standard DNA marker

Lane 1-5 = amplified products using Hind[I digested
chromosomal DNA as template
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‘DNA was sequenced on both sides of the 700 bp fragment with sense
primer (NF6) and antisense primer (CR4). The result of sequencing
were shown in Figure 3.10 and 3.11 and the nucleotide sequences of 378 -
bp at the 5’end and 327 bp at 3’end were determined by compared with
the GENBANK deposited DNA sequences using BLAST at the website
- http://www .ncbinlm nih.gov. The results of comparing the 5> and 3°
sequences were homologous to the partial part of B. subtilis alanine
dehydrogenase gene (data not shown). All internal nucleotide sequences
of the gene were analyzed and called core sequence. |

3.6 PCR amplification for the N-terminal and C-terminal gene
fragment of alanine dehydrogenase

For the inverse PCR, the primers that used for this part of
PCR reaction were designed from the data of core sequence and the
templates were prepared by first digested with restriction enzymes, which
- have no site on core sequence. The first PCR products which used outer
pair of primers (NRO and CF0) showed multiple and smear bands (data
not shown) so those PCR products were used as templates for second
PCR which used inner pair of primers (NR and CF). The second PCR
gave more specific product than those of the first PCR. Figure 3.12
showed that products from lane 2 and 9 gave almost one strong band so
these strong bands were chosen and extracted from gel by QIAQuick gel
extraction kit for nucleotide sequencing. The DNA was sequenced on
both sides of the fragment with sense primer (NR2) and antisense primer
(CF2). The nucleotide sequencing data is shown in Figure 3.13 and 3.14.
The sequences of 96 bp at the 5’end and 332 bp at 3’end were determined
by compared with the GENBANK deposited DNA sequences using
BLAST at the website http://www.ncbi.nlmnih.gov. The results of
comparing the 5> and 3’ sequences were homologous to the partial part of
B. subtilis alanine dehydrogenase gene (data not shown). From two walk
in and one inverse PCR technique, the nucleotide sequences of the whole
gene fragment were identified as shown in Figure 3.15.

3.7 Amino acid sequence comparison with alanine dehydrogenase
from other sources

Deduced amino acid sequence of alanine dehydrogenase
from Aeromonas hydrophila was aligned with the dehydrogenases by
using Clustal X (1.64 b) (Figure 3.16). The over all similarity scores of
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(a)

CGCGCCATGCTGCGTCCEGECCAGACCCTCTTTACCTACCTGCACCTGGCGCCAGACCTG
GCCCAGACCCGGGAGCTGGTGGACAGCGGCGCTATCTGCATCGCCTACAAAACCGTCACC
GACGGCCGTGGCGECCTGCCCCTGCTGGCCCCCATGTCGGAGGTGECCGGACGCATGTCT
ATTCAGGCGGGTGCCCAGGCEGCTGGAAAAATCCCGCECGCGGTAGCGEGCGTGCTGCTCGGC
GGCGTGCCCGECETGGARCCGLCCAAGGTGGTGATCATCGGLEGLGLLETGETGEGLTCT
ARCGCAGCCCGCATGGCCATCGGCCTGCGTGCCGACGTCACCATACTCGACAACARCATC

GATACCCTGCGTCTCGAC

(b)

Figure 3.10 Sequence of the second internal gene fragment of alanine

dehydrogenase using sense primer NF6
(a) DNA sequencing result
(b) nucleotide sequence of 378 bases
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(&)

L GATACCCTGLGOCETCTCGACALCOAGT TCCAGEGT CCOGCCARGETEGT TTACTCCAAC
61 CECGAGACCCTORAGCCOCATITOC TGGUGECAGACCTGCT TATCGETGGCGTEC TGGTA
121 OOGGECGCCACTGCGOCCARRCTTGT CAGCCCGTGRCCACA TTGUCCGCATORAGOCEEEE

18l TCGGCCATTGTGGACGTGECCATCGA TCAGGECGECTRCGTCGAGRCCTCCCATGCCALT

241 ACCCATGAGGATCCCACCTTCATTGTCGACGACGTGGTGCACTACTGLGTGGCCAACATE

301 CCEGECECCGTERCACGCACTTOCALC

(b)

Figure 3.11 Sequence of the second internal gene fragment of alanine
dehydrogenase using antisense primer CR4
(a) DNA sequencing result
(b) complementary nucleotide sequence of 327
The regions for design further primers are shown by underline



46

Figure 3.12 The second inverse PCR products using primer NR and CF

Lane M = A/ HindIl standard DNA marker

Lane 1 = amplified products using Bgl/Il digested chromosomal DNA
as template for the first inverse PCR (NROxCF0)

Lane 2 = amplified products using BsfEIl digested chromosomal DNA
as template for the first inverse PCR (NROxCFQ)

Lane 3 = amplified products using EcoRI digested chromosomal DNA
as template for the first inverse PCR (NROxCF0)

Lane 4 = amplified products using Hindlll digested chromosomal
DNA as template for the first inverse PCR (NROxCF0)

Lane 5 = amplified products using Ndel digested chromosomal DNA
as template for the first inverse PCR (NROxCF0)

Lane 6 = amplified products using Ps#l digested chromosomal DNA
as template for the first inverse PCR (NROxCF0)

Lane 7 = amplified products using Pvull digested chromosomal DNA
as template for the first inverse PCR (NROxCFO)

Lane 8 = amplified products using Spel digested chromosomal DNA
as template for the first inverse PCR (NROxCF0)

Lane 9 = amplified products using Spal digested chromosomal DNA
as template for the first inverse PCR (INROxCF0)

Note : The templates of second inverse PCR were PCR porducts from the

reaction using each restriction enzyme digested chromosomal DNA as template and
NRO as well as CFO were used as primers
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(a)

1 ATGATTATCGGTGTACCTAAGGAAATCARAAACCACGAATATCGCGTAGGCATGGTTCCG

61 GCCAGTGTACGTGAACTGACAGCACGAARACCATACC

(b)

Figure 3.13 Sequence of the N-terminal gene fragment of alanine
dehydrogenase using antisense primer NR2
(a) DNA sequencing result
(b) complementary nucleotide sequence of 96 bases
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(a)

ACCCTGCCCTTCATCATCARGCTGGCCGARCAGGGCTATCGCAACGCACTGCTCAGCGAT

CCCCACCTGCGGCACGGCCTGANCGTGATGGCGGEGCAARATCACCTGCAAGGAGGTCGCE
GTGGCCCACAACCTGGCCTACACGGATCCCCTGACCCTGCTGAACTGATCGCATCCCCGE
GAGGGGAGGTAGATGAGTGAAAATCCGCCCEGLGATGEGCEETTTTTTTTTTATGCCTGCC
ATCCCCCCTGCCCCTCTCTTTGHCAATTGCCCCAATCARTGCGCCGGCCTTTGACCACGE

ATCACARATTACCTRAATCGCGCAAAGTGATC

(b)

Figure 3.14 Sequence of the C-terminal gene fragment of alanine

dehydrogenase using sense primer CF2
(a) DNA sequencing result
(b) nucleotide sequence of 332 bases
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ATGATTAT O T TACC T ARCGAR A TC ARRAACCACEARTATCEETAOECATEETTCOCG
¥ I I & ¥V PKFE E T K ® H E Y R ¥ 8 % ¥ P
GCCAGTOTACGTGAACT GACAGCACGAAACT ATACCETTTTCOT CCARAGCEECGCAGER
A 8 VR ELTARMNMMBAEKTWVFVY QQ B8 6 A G
ARTGGOATT AT TCAGTEACGCAGAT TATCTGEU TRLC GONGOCGRGATCOTEGCOTIT
N @ I @& F &8 Db A D ¥ L MMM B A B T L. A B
GOGGCAGACGTTT T G MGG GERAGATAATOG T CAAGE T CAMGGREGCCOCRGEOGETT
A A D Y P A K EE N I ¥ K ¥V K E P g A ¥
EAGCGCOCCNT O TGO T B GG A ERC ST CT T TACE TACC TGCAC CTRACGOCAGALD
E R A H L &M P 6 g ¥ L F T Y L B L B F D
CT G O AR L o A T GO T GaACA S G EC T A TC T GAA TGO CTAC AARACCGTT
L ANQO T R E L ¥ D 5B G AT C I A ¥ ET VW
A R T O T OO L T T A T T L oG A TR AL OCAT T
" h g U o0 &L B T L R P.H E E VYV A G B N
T AT T A O T A NGO TS AAMA AT CO O e CRG TAGCOGOSTEC TGCT G
2 I 0 A G AQO KL B X 3% 6. B B8 0 V1 1L
G T G T OERA GO AAGE TS TRATCAT O L OOC OT GO TG
eV PGS YWEREANEKYY LT EGOY VS
T CCRACGCAGC OGO TGO A T OGaC C THOG TOC OGRCGT CACCAT AC TOGACARC AL
S % K AR MAIISG ILAMADY T I LDNN
ATCGATACC T Ge R T TUGACAGOCAAT T OO ACCETGC CEOURAGG TGGT TTACTCD
I D 7T L R REL/)W Y B F Q&% % & K ¥ v ¥ A
ARCCGUEAGRCCCTEERGCGUEA T TGO T e GGCAGACC T GETTATCGET GGG TGCTG
N R B 5L B & N o L A X D L ¥V T 8 G YV L
BT A GG B A T o AR T T B T RGO G TEROCACA TT L LG ATRARGOCN
¥ ¢ 6 A 7T AP KL Y &8 B O H I A B H E P
O T GG AT TG TG AC S TG AT C R TG e T G TEERACACCTOCEATROC
& 8 A IT VDV A I D g & G C V¥V ET 3 H A
AR A TERGS ATC AL T oA T TG OGRS AL TGO T OCAC TACTOCG TGOOCAAD
Y TH E DET EI N QDY NHEYC¥T AP
AT e A L T AN AT O A DT GO, ARG AR T AT TGO TTE
M P G A YK RT 85T VY A LN NATLO®PTFE
AR AN e R A A G T AT CCARC O A T T O SA T T OO CROUTTEO
1 I E L A E §Q & ¥ R ® A L L 8 PP R T E
A GG TOAAC G T A oG SEC T RARA TCACCTOCANGGASG TCGO UG TREC COACARD
R & L w ¥ H A B K1 T CRK E Y A¥Y A HBSE
CTGCCCT N AL OO T T TSACT O TOCTOARC TOR T COC AT C O DB OAGGGEAGCS TAG
E K Y TT P BT 'L. H "B =

AT AT RA AT LA o o T T T T T T T I T AT G S E AT OO Dot aos
CCT T T T OGOA R T IO CAA T AR TGO G C GG O TT TOAC CAOGAA TC ACARNT TAC
CTRART OGO RARETRATC

Figure 3.15 The nucleotide sequence and the deduced amino acid of alanine

from Aeromonas

Note : blue = sequence from the first walk in PCR

green = sequence from the second walk in PCR
pink = sequence from inverse PCR
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AHY MTTGVPKEIKNHEYRVGMVPASVRELTARNHT—VFVOSGAGNGIGFS DADYLAAGAEILA-SARDVFAKAEMIVKVKEPQ 78

BST MKIGIPKEIKNNENRVAITPAGVMTLVKAGHE—VYVETEGGAGSGFSDSEYEKAGAADRCRTWRDAWTfAEMVLKVKEPL 78
BSP MKIGIPKEIKNNENRVAMTPAGVVSLTHAGHERLAIETGGGIGSSFTDAEYVAAGAAYRC—IGKEAWA—QEMILKVKEPV 78
EAE MIIGVPKEIKNNENRVAMTPAGVVHLLNAGHK—VIIETNAGLGSGFTNEEYKQAGAEIIE—SASDVWTKADMIMKVKEPL 78
BSU MT IGVPKEIKNNENRVALTPGGVSQLISNGHR-VLVETGAGLGSGFENEAYESAGAEI IA~DPKQVWD~AEMVMKVKEPL 77
PLA MEIGVPKEIKNQEFRVGLSPSSVRT LVEAGHT-VFIETQAGIGAGFADQDYVQAGAQVVP-SAKDAWS-REMVVKVKEPL 77
MTU MRVGIPTETKNNEFRVAITPAGVAE LTRRGHE-VLIQAGAGEGSAITDADFKAAGAQLVG~-TADQVWADADLLLKVKEPI 78
* * k %X )k KX kK * * * * * ok * % % e do Kk %k
(2)
AHY AVERAMLRPGQTLFTYLHLAPDLAQTRELVDSGAICIAYKTVTDGRGGLPLLAPMSEVAGRMSIQAGAQALEKSRGGSGV 158
BST AREFRYFRPGLILFTYLHLAAAERVTKAVVEQKVVGIAYETVQLANGSL—LLTPMSEVAGRMSVQVGAQFLEKPHGGKGI 157
BSP ASEYDYFYEGQILFTYLHLAPRAELTQALIDKKVVGIAYETVQLANGSLPLLTPMSEVAGKMATQIGAQYLEKNHGGKGI 158
EAE ASEYGYFRKGLILFTYLHLAAEPELTKALVDSEVIAIAYETVIVNR~TLPLLS PMSEVAGRMAAQVGAQFLEKTQGGKGI 157
BSU PEEYVYFRKGLVLFTYLHLAAEPELAQALKDKGVTAIAYETVSEGR"TLPLLTPMSEVAGRMAAQIGAQFLEKPKGGKGI 156
PLA PAEYDLMQKDQLLFTYLHLAAARELTEQLMRVGLTAIAYETVELPNRSLPLLTPMSIIAGRLSVQFGARFLERQQGGRGV 157
MTU AAEYGRLRHGQILFTFLHLAASRACTDALLDSGTTSIAYETVQTADGALPLLAPMSEVAGRLAAQVGAYHLMRTQGGRGV 158
* _ *kk kkkk *rk dok * kk kkk k% * Kk & Kk ok
(3) (4)
AHY LLGGVPGVEPAKVVI IGGGVVGSNAARMAIGLRADVTILDNNIDTLRRLDSEFQGAAKVVYSNRETLERHLLAADLVIGG 238
BST LLGGVPGVRRGKVTIIGGGTAGTNAAKIGVGLGADVTILDINAERLRELDDLFGDHVTTLMSNSYHIAECVRESDLVVGA 237
BSP LLGGVSGVHARKVTVIGGGIAGTNAAKIAVGMGADVTVIDLSPERLRQLEDMFGRDVQTLMSNPYNIAESVKHSDLVVGA 238
EAE LLSGVPGVKRGKVTIIGGGMVGTNAAKIAVGLGADVTIIDLNPDRLRQLEDIFGTSVQTLMSNPYNIAEAVKESDLVIGS 237
BSU LLAGVPGVSRGKVTIIGGGVVGTNAAKMAVGLGADVTIIDLNADRLRQLDDIFGHQIKTLISNPVNIADAVAEADLLICA 236
PLA LLGGYPGVKPGKVVILGCGVVGTEAAKMAVGLGAQVOIFDINVERLS YLETLFGSRVELLY SNSAEIETAVAEADLLIGA 237
MTU LMGGVPGVEpADVVVIGAgTAgyNAARIANGMGATVTVLDINIDKLRQLDAEFCGRIHTRYSSAYELEGAVKRADLVIGA 238
* **k kK * *  * * * * * * x * * * * * *%

(continued)

°

Figure 3.16 Linear alignment of the amino acid sequence of alanine dehydrogenases

Tryptic peptides, as well as the N-terminal region, for which sequences were determined by automated Edman
degradation, are underlined. Enterbactor aerogenes (EAE), Bacillus subtilis (BSU), Bacillus sphearicus (BSP), Bacillus
stearothermophilus (BST), Phormidium lapideum (PLA), Mycobacterium tuberculosis (MTU) and Aeromonas hydrophila
(AHY)
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{continued)

: (5)
AHY VLVPGATAPKLVSRDSIARMKPGSAIVDVAIDQGGCVETS~-HATTHEDPTFIVDDVVHYCVANMPGAVART STVALNNAT 317
BST VLIPGAKA-KLVTEEMVRSMTPGSVLVDIAIDQGGIFETTDRVITHDDPTYVKHGVVHYAVANMPGAVPRTSTFALTNVT 316
BSP VLIPGAKAPKLVSEEMIQSMQPGSVVVDIAIDQGGIFATSDRVITHDDPTYVKHGVVHYAVANMPGAVPRTSTIALTNNT 318
EAE VLIPGAKAPKLVTEEMVKSMQPGSVIVDVAIDQGGNFETVDHITTHDDPTYVKHGVVHYAVANMPGAVPRTATIALTNVT 317
BSU VLIPGAKAPTLVTEEMVKQMKPGSVIVDVAIDQGGIVETVDHITTHDQPTYEKHGVVHYAVANMPGAVPRTSTIALTNVT 316
PLA VLVPGRRAPILVPASLVEQMRTGSVIVDVAVDQGGCVETL-HPTSHTQPTYEVFGVVHYGVPNMPGAVPWTATQALNNST 316
MTU VLVPGAKAPKLVSNSLVAHMKPGAVLVDIAIDQGGCFEGS~RPTTYDHPTFAVHDTLFYCVANMPASVPKTSTYALTNAT 317
*k kk Kk Ak *  * *k ok kkkk * * * k kkk Kk ok * kk Kk ok
(6) (7)
AHY LPFIIKLAEQGYRNALLSDPHLREGINVMAGKITCKEVAVAHNTLAYTDPLTLLN = — == v =~ 371
BST IPYALQIANKGYRAGCLDNPALLKGINTLDGHIVYEAVAAAHNMPYTDVHSLLHG~~~—=-~~ 371
BSP IPYALQIANKGYKQACIDNPALKKGVNALEGHITYKAVAEAQGLPYVNVDELI Q= — = 372
EAE IPYAVQIATKGVVKAVNDNPATKAGVNVANGHVTFEAVANDLGYKYVTVEEAISKEAINA~~ 377
BSU VPYALQIANKGAVKALADNTALRAGLNTANGHVTYEAVARDLGYEYVPAEKALQDESSVAGA 378
PLA LPYVVKLANQGLKALETDD-ALAKGLNVQAHRLVHPAVQQVEPDLA- ~ == oo mm e w w367
MTU MPYVLELADHGWRAACRSNPALAKGLSTHEGALLSERVATDLGVPFTEPASVLA~~=—~—~= 371

* * * * *

Figure 3.16 Linear alignment of the amino acid sequence of alanine dehydrogenases

Tryptic peptides, as well as the N-terminal region, for which sequences were determined by automated Edman
degradation, are underlined. Enterbactor aerogenes (EAE), Bacillus subtilis (BSU), Bacillus sphearicus (BSP), Bacillus
stearothermophilus (BST), Phormidium lapideum (PLA), Mycobacterium tuberculosis (MTU) and Aeromonas hydrophila
(AHY)
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alanine dehydrogenase from Aeromonas hydrophila compared with
Bacillus stearothermophilus, Enterbactor aerogenes, Bacillus subtilis,
Phormidium lapideum, Mycobacterium tuberculosis and  Bacillus
sphaericus were calculated to be 53.91%, 53.64%, 53.10%, 53.10%,
52.56% and 50.67%, respectively.

3.8 PCR amplification of the whole gene fragment

For further cloning, the whole gene fragment was amplified
by using the primers that had Shine Dalgano Sequence of plasmid
pTrc99, the expression vector for E. coli IM105, and EcoRI restriction
site for the sense strand (N-ECO), while the antisense strand was the
primer that had HindIII restriction site (N-HIN). About 1,200 bp fragment
was produced as shown in Figure 3.17.

3.9 Transformation

The whole gene fragments were ligated with EcoRI-HindIIl
site of pUC18 and transformed into E. coli IM109 by electroporation.
 The white colonies were picked for plasmid extraction. From 24 selected
colonies, there were three patterns of plasmid as shown in Figure 3.18.
Twenty selected colonies had the first pattern of plasmid (lane 3). For the
left four colonies, there were each two colonies of second (lane 4) and
third pattern (lane 5) of plasmids. All plasmid were digested with EcoRI
and HindIll, the result in Figure 3.19 showed that the first pattern of
plasmid were the recombinant DNA that had alanine dehydrogenase gene
fragment.

3.10 Enzyme assay

The 20 colonies that had recombinant DNA containing PCR
product were grown for enzyme assay as described in 2.12 and 2.13. The
specific activities of the crude extracts were about 0 to 10 Units/mg
protein as shown in Table 3.1. The host cell E. coli IM109, E. coli IM109
harbouring vector DNA, pUC18, and A. Aydrophila were also grown for
comparison of enzyme activity. From 20 transformants, there were 10
transformants that had enzyme activity.
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Figure 3.17 Agarose gel electrophoresis showing PCR product of the
whole alanine dehydrogenase gene ampiification using
primer N-ECO and C-HIN ( about 1,200 bp )
Lane M = A/ HindIll standard DNA marker
Lane A = amplified product using HindIll digested

chromosomal DNA as template
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Figure 3.18 Agarose gel electrophoresis showing extracted plasmids
of transformants
Lane M = A/ HindIll standard DNA marker
Lane 1 = uncut pUC18
Lane 2 = EcoRI/HindIlIl digested pUC18
Lane 3 = amplified product of the whole alanine dehydrogenase
gene
Lane 4 = the 1% pattern of extracted plasmids
Lane 5 = the 2™ pattern of extracted plasmids
Lane 6 = the 3™ pattern of extracted plasmids
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Figure 3.19 Agarose gel electrophoresis showing EcoRI/HindIII digested
plasmids of transformants
Lane M = A/ HindIll standard DNA marker
Lane 1 = uncut pUC18

Lane 2 = EcoRI/HindIlI digested pUC18
Lane 3 = amplified product of the whole alanine dehydrogenase

gene
- Lane 4 = the 1* pattern of EcoRI/HindIII digested extracted
plasmids
Lane 5 = the 2™ pattern of EcoRI/HindIIl digested extracted
plasmids ~

Lane 6 = the 3" pattern of EcoRI/HindIII digested extracted
plasmids
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Table 3.1 Comparison of the activity of crude extracts

Sources of crude Total activity | Total protein | Specific activity
extract ) (mg) (U/mg protein)
E. coli IM109 - 11.00 -
E. coli IM109 with - 11.35 -
pUC18 _,
A. hydrophila - 8.0 41.16 0.19
Transformant No. 1 - 12.00 -
‘Transformant No. 2 144.0 18.25 7.89
- | Transformant No. 3 20.0 15.39 1.30
Transformant No. 4 48.0 13.39 3.58
Transformant No. 5 88.0 17.36 5.07
Transformant No. 7 3.3 19.16 0.17
Transformant No. 9 - 11.02 -
Transformant No. 10 - 13.68 -
Transformant No. 11 - 16.09 -
Transformant No. 12 198.4 22.19 8.94
Transformant No. 13 - s s -
Transformant No. 14 - 16.46 -
Transformant No. 16 2227 23.45 9.50
Transformant No. 19 - 12.06 -
Transformant No. 20 70.0 10.07 6.95
Transformant No. 21 - 19.94 -
Transformant No. 22 - 11.84 -
Transformant No. 23 4.2 13.27 0.32
Transformant No. 24 184.6 19.19 9.62
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311 Polyacrylamide gel electrophoresis

: Crude extracts from 7 chosen transformants that had enzyme
activity, E. coli IM109, E. coli JM109 harbouring pUCI18 and purified
alanine dehydrogenase marker from A. hydrophila were loaded on gels.
Figure 3.20 showed the protein staining and Figure 3.21 showed activity
- staining. From the two figures, only crude extract from the transformants
had alanine dehydrogenase band, while the crude extract from both £.
coli IM109 and E. coli IM109 harbouring pUC18 had neither the protein
nor the activity band of alanine dehydrogenase.
In addition, the crude extracts from the transformants that
did not have enzyme activity were also loaded on the native-PAGE and
- compared with purified alanine dehydrogenase from A. hydrophila as
shown in Figure 3.22. All of them did not have alanine dehydrogenase
protein band.
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Figure 3.20 Protein pattern of crude extracts of alanine dehydrogenase
producing transformants detected by native-PAGE
Lane A = erude extract of E. coli IM109
Lane B = crude extract of E. coli IM109 horbouring pUC18
Lane C = purified alanine dehydrogenase from
A. hydrophila
Lane D-1 = ¢rude extracts of transformant No. 2, 4, 5, 12, 16,
20 and 24, respectively.
Bands corresponding to alanine dehydrogenase are indicated by an arrow.



50

A B CD EF G H |

Figure 3.21 Alanine dehydrogenase activity staining of the enzyme
producing transformant
Lane A = crude extract of E coli IM109
Lane B = crude extract of E. celi IM109 harbouring pUCI1 8
Lane C = purified alanine dehydrogenase from
A. hvdrophila
Lane D-I = crude extracts of transformant No., 2, 4, 5, 12, 16,
20 and 24, respectively.
Bands corresponding to alanine dehydrogenase are indicated by an arrow.



Figure 3.22 Protein pattern of crude extracts of transformants that had no
alanine dehydrogenase activity detected by native-PAGE
Lane A = purified alanine dehydrogenase from A, hydrophila
l.ane B-H = crude extracts of transformant No. 1, 9, 10, 11, 13, 14,
and 19, respectively.
Bands corresponding to alanine dehydrogenase are indicated by an arrow.



CHAPTER 1V

DISCUSSION

Bacteria can metabolize amino acid as the energy source via
the tricarboxylic acid cycle by (1) using pyridoxal phosphate-dependent

. transaminase for transferring amino group of amino acid to keto acid and

resulting in new amino acid (2) using deaminase in the way to remove
amino group from amino acid in the form of ammonia and (3) using
amino acid dehydrogenase for producing the free ammonia and other
important metabolize molecules such as pyruvate and o-ketoglutarate
~ (Nobert et al., 1994). Alanine dehydrogenase is one of the enzyme used
- for producing alanine and pyruvate which are industrial importance.
Aeromonas hydrophila, isolated from soil in Bangkok, was found to have
high alanine dehydrogenase activity (Phungsangthum, 1997). Thus, this
bacteria was used for further study in molecular genetic of alanine
dehydrogenase gene.

' Chromosomal DNA of Aeromonas hydrophila was easily
extracted by miniprep of bacterial genomic DNA method and found to
have molecular weight greater than 23.1 kb. The ratio of A,5¢/Asgs which
was greater than 1.8 indicating its high purity. According to PCR
reaction, the templates should be easily denatured in the purpose of
annealing with primers. The heat denatured 4. hydrophila chromosomal
DNA was previously used as templates, however, it gave poor PCR
amplification. Therefore, the chromosomal DNA was digested by
restriction enzyme before using. From various restriction enzyme
digestions, the chromosomal DNA fragment those were digested with
EcoR1 or Hindlll gave almost high MW DNA of more than 9 kb. On the
other hand, the digestion with BamH]I, Bg/Il and Sall gave the smear
DNA patterns. It can be assumed that chromosomal DNA of 4.
hydrophila has more restriction sites of BamHI, Bg/II and Sall than those
of EcoRI and HindIll. Those five restriction enzyme digested DNA
fragments were also used for testing as templates in PCR reaction and the
result showed that only EcoRI and HindIll digested DNA fragments gave
strong specific products having the size of about 1,000 bp as determined
from relative mobility on agarose gel electrophoresis compared with
AHindIIl marker, while the Bg/Il digested DNA gave weak specific
product. For BamHI and Sall digested DNA, both of them did not give
the specific product. It is widely known that the restriction enzyme used
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for template preparation must not have- their sites on the gene, otherwise,

~ the amplified complete gene fragment can not be occurred. Thus, it was

implied that Bglll, EcoRI and HindIll restriction sites were not on the

- alanine dehydrogenase gene fragments, while the site of BamHI and Sall

may be on the gene fragment. Therefore, EcoRI and HindIll digested

-DNA was chosen as suitable template for alanine dehydrogenase gene

cloning. This assumption was strongly supported by recognition sites of
restriction enzyme on gene sequence obtained from this work. PCR

- condition was also optimized for optimum concentration of MgCl, and
Tag DNA polymerase. The data showed that an appropriated

concentration of MgCl, and the enzyme were 0.1 mM and 2.5 U,
respectively.

About the first internal gene fragment amplification,
degenerated primers which designed from the amino acid sequence data

- of alanine dehydrogenase and had 64 combinations of oligonucleotides in

one set of primer were used. Therefore using more amount of primers
should be required. In PCR condition, starting with annealing at 37°C was

- done because the lowest T, of the primers was 49°C. For the possibility

in binding with template of primers, the temperature of annealing step
should be lower than the 7, of primers. Although the non-specific
products can be obtained, all five pairs of primers also gave one specific

~ products, so all of the primer could be used for nucleotide sequencing.

The PCR product from this step (about 1,000 bp) was analyzed for
nucleotide sequence using ABI prism sequencer. Unfortunately, the
whole fragment could not be sequenced, but about 600 bp from both
5’end and 3’end was known, so the second internal gene fragment
amplification was further done. The inner part of the first fragment was
amplified by using the primer, which designed from the nucleotide

~ sequence data of the first amplified fragments.

The second internal gene fragment amplification was done
with the same condition of the first one, except that annealing step was
done at 60°C and the new inner set of primer (NF4, NF5, NF6 and CR4)
was used. Although the three pairs of primer had been tried, only one pair
(NF6xCR4) gave the specific products (about 700 bp). The nucleotide
sequence of this amplified gene fragment was identified. From the two
times walk in amplification, the inner part of gene fragment was obtained
and restriction map of this part was also analyzed.

For the N-terminal and C-terminal gene fragment
amplification for sequencing, inverse PCR was used. Inverse PCR is a
rapid and reliable method for obtaining sequences flanking a known
region of DNA. The source of the DNA may be anything from chromatin
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‘to cDNA to the purified insert of a lambda bacteriophage vector. After
digestion, the DNA is diluted to a low concentration. This favors the
formation of monomeric, circular molecules when the 150 ng of DNA
- fragment is ligated, as it is in the next step. The ligated DNA circles are
“.then amplified by PCR. New DNA strands primed by either
oligonucleotide primer extends round the circularized DNA, eventually
incorporating a complementary copy of the other primer. A linear strand
of DNA is thus produced, as the Tag enzyme is unable to displace the
annealed primer as it attempts to make a second round of the circular
“template. The first PCR cycle thus effectively cuts the circularized
molecule between the two primer sites, producing an amplified DNA
fragment consisting of the two ‘unknown’ flanking regions joined end-to-
. end. Since Taq polymerase works slightly more efficiently with linear
than circular DNA, the circular fragments may be linearized before
amplification by digestion with a restriction enzyme which cuts only at a
position between the two primers in the known target DNA sequence
(Eeles et al, 1993). In this experiment the inverse PCR was done for two
times in which the products from the first PCR which used outer pair of
primers were then used as the templates for the second PCR and the inner
pair of primers were used to produce more specific products. Nucleotide
- sequencing of this gene fragment was analyzed by using the innermost
primers and the nucleotide of both N-terminal and C-terminal gene
fragments were known. Unfortunately, although several times of

. sequencing were done with various primers, the signal of upstream

. sequence of this gene was so confused and could not be read. Therefore
the ribosoma! binding site was not obtained and the known sequence was
started up only at open reading frame.

The ABI prism sequencer was used for nucleotide

‘sequencing. From the result, the open reading frame of alanine
dehydrogenase gene comprised 1,113 bp encoding 371 amino acids that
matched with other alanine dehydrogenase and had GC content about
65%. More than 50% of the entire amino acid sequence was also

- confirmed by amino acid sequence analyses of 7 peptides obtained by
lysyl endopeptidase and purification by HPLC (unpublished data) and
found that the deduced amino acid matched well with those amino acid -
sequence. These peptides are shown at their positions in the amino acid
sequence (Figure 3.16), Thus, the 1,113-bp open reading . frame was

-identified as the translational unit for alanine dehydrogenase. On the basis
of the deduced amino acid sequence (371 residues), the molecular weight
of the enzyme subunit was calculated as 40,810 which corresponded to
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the value (about 40,000) determined by sodium lauryl salfate-

- polyacrylamide gel electrophoresis of the protein previously report
(Phungsanthum, 1997). Amino acid sequence of all alanine
dehydrogenases were aligned by using Clustal X (1.64b) as shown in
Figure 3.16. The over all similarity scores of alanine dehydrogenase from
Aeromonas hydrophila compared with Bacillus stearothermophilus,
Enterbactor aerogenes, Bacillus subtilis, Phormidium lapideum,
Mycobacterium tuberculosis and Bacillus sphaericus were calculated to
be 53.91%, 53.64 %, 53.10%, 53.10%, 52.56% and 50.67%, respectively.
Sawa et al. ( 1994, cited in Chowdhury et al.,1998) showed that lys-74
was a catalytically important residue by chemical modification of the P.
lapideum enzyme with pyridoxal 5’-phosphate and by site-directed
mutagenesis. Delforge et al. (1997) also reported that lys-74 was
necessary for the binding of pyruvate in the active site of the B. subtilis
enzyme. This lysine residue and the surrounding region (KVKEP) are

~.also conserved in the A. hydrophila enzyme. The side chain amino group
of lys-74 may interact with both the carbonyl oxygen of the pyruvate and
one of its carboxyl oxygens. A hydrogen bond may be also made between
carbonyl oxygen of the pyruvate and the side chain of his-95, and NH,
from the side chain of asn-299 may interact with one of the carboxylate
oxygens of the pyruvate. All of the above residues are identical in all the
L-alanine dehydrogenase sequences (Baker et al., 1998) and also in 4.
hydrophila. For the L-alanine dehydrogenase-NAD" binary complex, the
presence of conserved hydrophobic residues, the G-X-G-X-X-(G/A)

fingerprint sequence and the conserved aspartate residue involved in
ribose hydroxyl hydrogen bonding suggest that the amino acid
dehydrogenases bind dinucleotides in a manner analogous to other
structurally characterized dehydrogenase (Norbert er al., 1994). In
addition, the syn conformation of this bond is precluded by a potential

-~ steric clash with met-132 and ser-133. As a consequence, the 4-pro-S

hydrogen of the nicotinamide ring is buried against the enzyme surface

allowing the 4-pro-R hydrogen to be involved in the hybrid transfer thus
explaining the stereospecificity seen in L-alanine dehydrogenase (Baker

et al., 1998).

For the whole gene fragment amplification, the new pair of
primers was designed. The sense primer had contained EcoRI site and
Shine Dalgano Sequence, while the antisense primer had HindIll site for
further cloning purpose. The amplified whole gene fragment was purified
. before the digestion at the end of both sides in the purpose of eliminating
. of bound protein, which may inhibit the restriction enzyme activity. The
" - whole gene fragments were ligated with EcoRI-HindIII site of pUC18
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and transformed into E. coli IM109 host cells. The blue-white colony

screening method was used to select the colony that has recombinant
plasmid. _
The clones that have recombinant plasmid were determined
for alanine dehydrogenase activity. The clones were grown in the
medium containing ampicillin and IPTG. Because the gene fragments
which were cloned into host cell did not have their own promoter,
therefore /acZ promoter on the plasmid pUC18 was used and IPTG was
added to induce alanine dehydrogenase gene expression. From 24 clones,
there were 3 patterns of inserted plasmids (Figure 3.18). The plasmid
pattern no. 1 contained alanine dehydrogenase gene joined with 1 piece of
plasmid vector pUCI18, while the plasmid pattern no.2 was 2 pieces of
pUC18 which joined to each other. The plasmid pattern no.3 consisted of
blunt-end ligated DNA fragment of two single digested PCR products,
EcoRI digested whole gene product and HindIll digested whole gene
product, joined with 1 piece of EcoRI-HindIIl digested plasmid. From
the 20 clones harboured plasmids pattern no.1, only 10 colonies presented
alanine dehydrogenase activity. The specific activity of transformants
were ranging from of 0-10 U/mg protein and the transformant which had
highest activity had specific activity almost 50 times higher than that of
the enzyme from A. Aydrophila. This high expression may be occurred
because the gene fragment which was inserted into E. coli M 109
contained the Shine Dalgano Sequence of expression vector p77c99 and
the multicopy plasmid, pUC18, was also used as a cloning and expression
vector. Another reason is the nucleotide sequence of the gene fragment,
which obtained from PCR may be mutated from the native alanine
dehydrogenase gene of A. hydrophila to the others, which gave higher
activity. The crude extracts from those transformants were determined by
native-PAGE compared with the crude extract of host cell, E. coli IM109,
E. coli JM109 which has only vector DNA and purified alanine
dehydrogenase from Aeromonas hydrophila. The result showed that the
crude extract from transformants had high intensity of alanine
dehydrogenase protein band and also had alanine dehydrogenase activity,
while E. coli IM109 and E. coli IM109 which has only vector pUC18 did
not have the enzyme activity at all. The mobility of the enzyme band in
native-PPAGE of tranformants were similar to that of A. hydrophila
enzyme, thus, its physical properties may not be changed. However,
studies of these transformant enzymes compare with that of A. Aydrophila
should be done in the future. On the other hand, the transformants, which
did not show the enzyme activity presented in native-PAGE that, they did
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not produce protein band at the position of the alanine dehydrogenase. It
may due to the error in transcription or translation level.

In this research, the sequence of alanine dehydrogenase gene
from Aeromonas hydrophila was determined and it was cloned into E.coli .
JM109. The obtained information can be used as primary data for further
development of alanine dehydrogenase. For further studies, properties of
transformant enzymes should be investigated firstly.



CHAPTER Y

CONCLUSION

1. Alanine dehydrogenase gene from Aeromonas hydrophila was
sequenced and cloned into E. coli JM109. This gene has open reading
frame of 1,113 bp which encoded for 371 amino acids and made good
agreement with about a 40,000-Da subunit of purified alanine
dehydrogenase from Aeromonas hydrophila (Phungsangthum, 1997).

2. The alanine dehydrogenase gene from Aeromonas hydrophila has GC
content about 65%.

3. The over all similarity scores of alanine dehydrogenase from
Aeromonas hydrophila compared with Bacillus stearothermophilus,
Enterbactor aerogenes, Bacillus subtilis, Phormidium lapideum,
Mpycobacterium tuberculosis and Bacillus sphearicus were calculated to
be 53.91%, 53.64%, 53.10%, 53.10%, 52.56% and 50.67%, respectively.

4. The transformants that showed alanine dehydrogenase activity had
specific activity in the range of about 0-10 U/mg protein. The highest
activity was 50 times more than the enzyme from Aderomonas hydrophiia.
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APPENDIX A ,

Restriction map of pUC18
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APPENDIX B
Bradford Solution

1. Bradford Stock Solution
100 ml of 95% ethanol
200 ml of 85% phosporic acid
350 mg Serva Blue G

2. Bradford Working Buffer
425 ml of distilled water
15 ml of 95% ethanol
30 ml of 88% phosphoric acid
30 ml of Bradford Stock Solution



APPENDIX C

~Standard curve for protein determination by Bradford’s method

A595

BSA (mg/mi)
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