CHAPTER 111
RESULTS
3.1 DNA Extraction
The chromosomal DNA \\Q%\ ff splated from thermotolerant bacterial
strain BC1 by using the method n&é‘ om ick et al. (1995) was determined for
its quality and quantity by Wl e ctrowgh molecular weight DNA
larger than 23.1 kb was obtain

tio, whic s in the range between 1.8-2.0,
0.2 - 0.5 pg/pl. Thus the quality
N\

of obtained DNA was suitab ¢ 1 uch as restriction endonuclease

indicated high purity. The D

3.2.1 Identification of bacterial strain BCliby morphological and biochemical

) e S f' s e .
properties (A
Morphologi

and biochemical _‘thermotolerant bacterial
strain BC1 which were reported by ed that tliﬁmotolerant bacterial strain
BC1 was gram positive bacteria which could gproduce acid from glycerol, ribose and

5-keto-gluconate wﬂeugltgum (&Jhngewlgﬂ% a@ sources did not give

fermentative acid p%duction. Furthermere, enzyme ﬁc.:tivities of arai}ine dihydrolase,
lysine decaﬁ;%s’e] ﬁiﬁ@eﬂ@b@éa&l %@@%sﬁn’ﬁ}sﬁo&lﬁ not be found
as shown in“Table 3.1. According to Bergey’s manual of determinative bacteriology,
TISTR suggested that thermotolerant bacterial strain BC1 was closely similar to
Brevibacillus brevis (Appendix G). Surprisingly, Bergey’s manual of determinative
bacteriology indicated that Brevibacillus brevis could not catalyze the deamination of

phenylalanine. Thus to confirm this result, 16S rRNA gene sequence was analyzed.



Table 3.1 Characteristics of the thermotolerant bacterial strain BC1 by TISTR
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Characteristics Reaction
Gram reaction +ve
Fermentative production of acid from :
glycerol +
ribose +
5-keto-gluconate e

erythritol
D-arabinose
L-arabinose
D-xylose
L-xylose
adonitol
galactose
B-methyl-D-xyloside
glucose
fructose
mannose
L-sorbose ;T—
rhamnose :|

dulcitol

Uy ¢ 39 EJ\ NINYN

gluconate 4

mensm URIAINY-

sorbltol
o-methyl-D-mannoside
o-methyl-D-glucoside

N-acetyl-glucosamine

% Z

(continued)
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Table 3.1 Characteristics of the thermotolerant bacterial strain BC1 by TISTR
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Characteristics

Reaction

Fermentative production of acid from :
amygdalin
arbutin
esculin
salicine
cellobiose
maltose
lactose
melibiose
'saccharose
starch
inuline
melezitose
D-raffinose
trehalose

glycogen

xylitol

e fUEINININENG

D-turanose 4!

iy AINI NN INY-

D-fucose
L-fucose
D-arabitol
L-arabitol

188

(continued)




(continued)

Table 3.1 Characteristics of the thermotolerant bacterial strain BC1 by TISTR

Characteristics

Reaction

B-galactosidase production ( ortho-nitro-phenyl-galactosidase )
Arginine dihydrolase

Lysine decarboxylase

Ornithine decarboxylase

Citrate utilization

H,S production

Urease production

Tryptophane desaminase

Indole production of trypt

Acetoin production (VP test

Hydrolysis of gelatin

Fermentation / oxidation of :
glucose
mannitol
inositol
sorbitol

rhamnose

FWEJ’J VIEJVI?W gInNE

melibiose

am’ﬂ’W]Mﬂ'ﬁﬂJ UNINY

1808

Remark: + ve = gram positive bacteria

1
Il

positive reaction

negative reaction
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3.2.2 Identification of the bacterial strain BC1 by 16S rRNA sequence

Chromosomal DNA and single fresh colony of thermotolerant bacterial strain

BC1 were used as sources of DNA template for 16S rfRNA whole gene amplification.
Primers A and H’ designed from 5’ and 3’ end of a specific gene encoding for
16S rRNA of Bacillus species were used. The approximate 1.5 kb amplified PCR product
was obtained (Figure 3.1). This product was sequenced by using sense primer: A, D and
F and antisense primer: D’. The DNA sequencing profiles were shown in Appendix H.

The obtained nucleotide sequence wa r compared with available 16S rRNA
sequences of Bacillus spec1es %\«DDBL database. The highest -
homology, which found betwem%&:‘\rRst otolerant bacterial strain BC1
and that of Bacillus badi « 0 parison-of. 16S rRNA gene sequences
mpm\knes Appendix I displays the

: ohom all sequencing primer
\

between these two strai

BLAST results. In additi

evolutionary distance values Baci jus ‘while Brevibacillus brevis was
: 0k Wi . gadly N
phylogenetically distinct from 1t.*‘~'ih_c. ob@esnlts indicate that thermotolerant
) . : AT\ . .
bacterial strain BC1_is Bacz’lfﬁ&'-"ba&v%i’s— onclusion is supported by

koo

Tm determination. The —————J A from strain BC1 was

50 °C within the range of at from Bacillus t ppendix L). Bergey’ s manual of

determinative bacterlology showed that Baczllus badius was distinguished from

Brevibacillus brevﬁ%ﬁl{} w ﬂﬂﬁl‘ﬂlﬂ tﬁ]c this conclusion, BC1

was grown in peptone medium contained various percentage of NaCl: 1, 2, 3, 4, 5 and

6 % at 37 Eﬁ ﬁ ﬁ(ﬂ-ount of NaCl
except in a‘m&]ﬁﬂrﬁ ﬁ(ﬁje Qﬂzll‘l ial strain BC1
was confirmed to be Bacillus badius.

3.3 Amino acid sequence of phenylalanine dehydrogenase

Digestion of the purified phenylalanine dehydrogenase with lysyl

endopeptidase and isolation of digested peptides by reversed-phase high-performance



_—H_—,

; ‘ ; ; J ;4'-. =

primer A, and v
Lane M K/HI

Lanel =PCRp Joducts using chromosomal DNA as the source of
DNA template

Lane 2 PCR productsinsing smgle fresh ¢olony as theysource of
DNA template
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TGGCGGCGTG CCTAATACAT GCAAGTCGAG
TGGCGGCGTG CCTAATACAT GCAAGTCGAG
CGGACTTGAC GGAAGCTTGC TTCCGTTCAA GTTAGCGGCG GACGGGTGAG TAACACGTGG
61 CGGACTTGAC GGAAGCTTGC TTCCGTTCAA GTTAGCGGCG GACGGGTGAG TAACACGIGG
GTAACCTGCC TGTAAGACTG GGATAACTCC GGGAAACCGG GGCTAATACC GGATATTCTT

1 GAGAGTTTGA

121 GTAACCTGCC TGTAAGACTG GGATAACTCC GGGAAACCGG GGCTAATACC GGATATTCTT
TTTCTTCGCA TGAAGAAGAC TGGAAACGCG GCTTTTAACT GTCGCTTACG GATGGACCCG

181 TTTCTTCGCA TGAAGAAGAA TGGAAAGGCG GCTTTTAACT GTCACTTACA GATGGACCCG
CGGCGCATTA GCTAGTTGGT GAGGTAACGG CTCACCAAGG CAACGATGCG TAGCCGACCT

241 CGGCGCATTA GCTAGTTGGT GAGGTAACGG CTCACCAAGG CAACGATGCG TAGCCGACCT
GAGAGGGTGA TCGGCCACAC ACACGGCCCA GACTCCTACG GGAGGCAGCA

301 GAGAGGGTGA TCGGCCACAC GACTCCTACG GGAGGCAGCA
GTAGGGAATC ACGCCGCGTG AGTGAAGAAG

: ACGCNGCGTG AGTGAAGAAG
GTTTTCGGAT CGWTC# m’ﬂ‘&cssucn ACTGTCCGTA

421 GTTTTCGGAT CGT2 GGAAGTA ACTNTCNGTN

CCTTGACGGT : ARLCCCA ‘m

481 CCTNGACGGT

361 GTAGGGAATC

541 GTAGGTGGCA A BCGCGCAGGC GGCTNCTITAA

GTCTGATGTG c c ~c< CAT, TGGAAACTGG GAGGCTTGAG
601 GTCTNATGTG AAA p Wm WGG GAGGCTTGAG
“ m'&smsa

TGTGGAGGAA
661

721
781
841
901
961

1021

TGAGATGTTG GGTTAAGYCC CGCAACGAGC GCAACCCTTG ATCTTAGTTG CCAGCATTCA
1081 TGAGATGTTG eenﬁa&cc CGCAACGAGC Mccc-mn ATCTTAGTTG CCAGCATTCA

1141 GTTGGC TGACGTCAAR

TCATCATGCC CCTTATGACC TGGG‘!‘ACAC ACGTGC%A ATGGATGGTA CWGGGCTG

GCA
1261qCAAGACCGCA AGGTTTAGCC AATCCCATAA AACCATTCTC AGTTCGGATT GCAGGCTGCA

ACTCGCCTGC ATGAAGCCGG AATCCCCAGT AATCGCGGAT CCATGATGCT CCCGCCAACT
1321 ACTCGCCTNC ATGAAGCCGG AATCGCTAGT AATCGCGGAT CAGCATGCCG CGGTNAATAC
1381 GTTCCCGGGC CTNGTACACA CCGNNCGTCA CACCACGAGA GTTTGCAACA CCC

Figure 3.2 Comparison between 16S rRNA gene sequence of Bacillus badius and partial
16S tRNA gene sequence of thermotolerant bacterial strain BC1. 16S rRNA gene sequence of
Bacillus badius = black letter while sequence obtained from primer A, D’, D and F = red,
blue, green and pink letter, respectively. The arrows show the position of each primer.



0.1

Figure 3.3 Phylogenetic relationship of thermotolerant bacterial strain BC1 and
some related organisms based on 16S rRNA gene sequences.
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liquid chromatography (HPLC) were carried out as described in section 2.8. The HPLC
profile of the separation is presented in Figure 3.4. The isolated peptides at retention time
4.8, 6.7, 10.5, 12.1, 21.6, 26.7 and 44.6 minutes were determined for their amino acid
sequences. The peptide at the N-terminus of the protein could be identified as
TSIKDFTLFEKMSEHEQVVFANDPATGLR whereas amino acid sequences of internal
peptide fragments were GMTYKXAASDVDFGGGKAVIIGDPQKDKSPELFRAFGQ
FVDSLGGRFYTGTDMGTNMEDFIHAMK, ATNK,DDLGGVTYAIQGLGKVGYKV
AEGLLEEGAHLFVT, AIAGSANNQLLTlgﬁ} HL ADK, ERVLAK, and WDIRN.
The CLUSTAL X program was us _'_Plignment of amino acid sequence of
phenylalanine dehydrogenaSE'ﬁ'G“m varidus SOUFEEs™6 indicate the position of each

peptide fragment and to use ] for esigning degenerated primer in the next step.

The alignment is shown in F' ¥ L i
eEET '
34 PCR amplificati r it e “int nal gene fragment of phenylalanine

dehydrogenase i ,{.

.-.: i ..l’." .:‘_4- r‘

NA;‘ ‘df Baq&. Jbaaflus BC1 was completely digested
|-|-- ’ fﬁ-":.l

with various restriction enzymes: BamHI BMCORI Kpnl, Pstl, Pvul, Spel and Xbal.
- L7 Xy

The digested products were analyzed By agarose gel electroghores1s (Figure 3.6). Most of

the digested DNA fragmeiits Stilt hiad ecu gbands except Pstl digested

DNA, which gave the smée jr pattern of DNA lower than 23 1 kb.

The chromosomal

The digested chromosomal DNA was used as the templates for amplification
of the internal gene-fragmeﬁteﬁ phenylalanine dehydrogenasel The specific PCR product
of 594, 402 and 372 bp, which corresponds to the size of fragment amplified by N1xCl1,
N1xC2 apd N2xGl, were, detected-(Figures3,7:+3:8, and 3.9)~Net surprisingly, all of
digested DNA -templetes gave “mdny nonspecific “bands™pattern.” The specific PCR
products were eluted from gel by QIAquick gel extraction kit for nucleotide sequencing.
The Figure 3.10 displays the results of these elutions. Nucleotide sequences of the three
specific products were determined on both sides of the amplified fragment with each
sense and antisense primer. The total result of sequencing is shown in Figure 3.11.
The nucleotide sequence was compared with the DNA sequences deposited in the

EMBL-GenBank-DDBL database. The sequence showed high homology to partial part of
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Figure 3.4 The reverse-phas “profik opeptidase digested peptides.

The arrows show the isolated péak mino acid sequencing.
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CLUSTAL X (1.64 b) multiple sequence alignment

N1
—»>
BC1 - TSIIKDFTLFEKMSEHEQVVFANDPATGLR-—==========——————————
BBA --MSLVEKTSIIKDFTLFEKMSEHEQVVFCNDPATGLRAITIATIHDTTLGPALGGCRMQPY
BSP -MAKQLEKSSKIGNEDVFQKIANHEQIVFCNDPVSGLQAITIATHDTTLGPALGGTRMYPY
BHA ---MLTKTPTVTSTLDIFTEMAEHEQVLFCHDPSSGLRAIIATHDTTLGPALGGCRMYPY
SUR MILVTLEQTLQDDKASVLDKMVEHEQILFCHDKATGLQATIIAVHDTTMGPALGGCRMAPY
TIN = ——mm—————— MRDVFEMMDRYGHEQVIFCRHPQTGLKAITALHNTTAGPALGGCRMIPY

RHO = ——mm—mm——- MSIDSALN--WDGEMTVTRFDRETGAHFVIRLDSTQLGPAAGGTRAAQY

BCl VIIG-DPQKDKSPE----LFRAFGQFV
BBA NSVEEALEDALRLSKGMTYK: VIIG-DPQKDKSPE----LFRAFGQFV
BSP KNVDEALEDVLRLSEGMT

BHA QTTEDALRDVLRLSKmm

SUR KTMDLALKDVLRLSK

TIN ASTDEALEDVLRL .

RHO SQLADALTDAGK

BC1

BEA DSLGGRFYTGTDMG ! ;

BSP ESLNGRFYTGTD : SEDSSIPTAQGVIYALKATNQ

BHA : GDSSVPTAKGVINSLKAISQ

SUR ESLNGRFYTGTDM AMKET SSIPTALGVFYGIKATNQ

TIN GGLNGRFYTGTD R STIPTALGVFHGMRATAR

RHO

BC1

BBA

BSP

BHA

SUR

TIN

RHO

;-4 A GRS S ———— ATAGSANNQLLTEDHGRHLADK- -

BBA DHGRHLADKGI

-

BHA EILH RHGQOMLHDQGI

SUR RWSSMIYSQQADVFVPCAFGGV NDDTLKVLKVRGISGSANNQLAESRHGELLREKGI

TIN QLVDVNRIHKESCDIFSPCAKGG DTIDEFRCINVGSANNQLVEDRQQIALLQKRSI

= AWTRNTT IR AN T TR D™
: H | . :

(continued) i

Figure 3.5 The CLUSTAL X alignment of amino acid sequence of phenylalanine dehydrogenase from various
sources. Arrows show the regions of the amino acid sequence that used for degenerated primer design.
BC1 = Bacillus badius BC1, BBA = Bacillus badius, BSP = Bacillus sphaericus, BHA = Bacillus halodurans,
SUR = Sporosarcina ureae , TIN = Thermoactinomyces intermedius and RHO = Rhodococcus sp.
Conserved residues are indicated by asterisks. : means amino acid which have the same group of side chains and

similar size while . means amino acid which have the same group of side chains but different size.
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(continued)

BClL 0 mmmmmm e ERVLAK-————————m—mmmmmmmmmmmmm——

BBA LYAPDYIVNSGGLIQ-VADELYEVNKERVLAKTKHIYDAILEVYQQAELDQITTMEAANR

BSP LYAPDYIVNAGGLIQ-VADELYGPNKERVLLKTKEIYRSLLEIFNQAALDCITTVEAANR

BHA WFAPDYIVNSGGLIQ-VADELYGSNEKRVLSKTNAIYDTILEIFHQAERHHITTLQAANQ

SUR LYAPDYIVNGGGLIQ-VADELYGTNPARVLAKTENIYTSLLEVFHQAEQDHMTTATAADR

TIN CYAPDYLVNAGGLIQ-VADELEGFHEERVLAKTEAIYDMVLDIFHRAKNENITTCEAADR

RHO LYAPDFVANAGGAIHLVGREVLGWSESVVHERAVAIGDTLNQVFEISDNDGVTPDEAART
* *

BCl e WDIRN-----—=====———==

BBA MCEQRMAARGRRNSFFTSSVKPKWDIRN =~ ———===-—=——====

BSP KCOKTIEGQOTRNSFFSRGRRPKVI ‘” ! "M

BHA LCERRIRERARRNNF RPKV 1\; { o

SUR MCEKRIADAKNRNSFFTO. KWNEHQ & & a8 o

TIN IVMERLKKLTDIRR R -

RHO LAGRRAREASTTT

sources. Arrows show the regl : for degenerated primer design.
BC1 = Bacillus badius BC1, BBA ='Bac 4} s, BS ,_ cillu rlcus, BHA = Bacillus halodurans,
SUR = Sporosarcina ureae ,*TIl Lhemoactinom i medius and RHO = Rhodococcus sp.
Conserved residues are indicated by astex ; ; 02 \\ ave the same group of side chains and

similar size while . means amino acid which have the same grou .. ains but different size.

ﬂ‘lJEl’J'VIElﬂiWEJ']ﬂ‘i
QWWENﬂ‘iﬂJ AN Y
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23.1

——
E—

Figure 3.6 Restriction enzyme digested chromosomal DNA of Bacillus badius BCL.

Lane M = A/HindIll standard DNA marker . £

A5 : ; Y
Lane 1l = unﬂigested chromosomal DNA 3-"‘
Lane2 = chramosomal DNA digested with Kpul

Lane 3_ = chromosémal DNA digeSted with Pstl

Lane 4 = Siramosemal DNA digested with Pyl
Lane 5 = chromosomal DNA digested with Spel
Langl6 Eciromesomal DNA digested with Xbial
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Figure 3.7 PCR products of paifnes NI and Ch;smg various DNA templates.

The specific product is. m;hcated by a;{()w.
Lane M = ?\LH-IndIII standard DNA marker £

——

Lane 1 = PCR’I_products using BamHI digested DNA as template
Lane 2 = PCR-products using BglII digested DNA as template
Lane 3 = PCR pfoducts using Kpnl@digested DNA as template

Lane 4| = P@R|products using Pstl digested DNA s template
Lane 5 =PCR products using Spel digested DNA as template
Rhang'é = PER\products using Xbal/digested DNA-as teniplate
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Figure 3.8 PCR products of p mefN t-and CZ%g various DNA templates.

The specific product is mdxcated by-‘armw
Lane M = wﬁndln standard DNA marker . £

-:;'

Lanel = PC?{products using BamHI dlgested A as template
Lane2 = PCR—products using Bglll digested DNA as template
Lane 3 .= PCR prodiicts using Kpnl'digested DNA as template
Lane 4 = PER prodilcts using PssI digestedDNA!as témplate
Lane 5 = PCR products usifig Spel digested DNA as template
Lane'v6 = PCR\products usingXbal digested DNA as templafe
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Figure 3.9 PCR products of pri erjvlS_ii’-'hnd C1 using various DNA templates.

The specific product isiadicated bﬁg‘g\l
Lane M = Mgfhdlll standard DNA marker =4

Lanel = PCR/ products using BamHI digested DNA as template
! |
Lane 2 = PCRproducts using BgllI digested DNA as template

Lane 3 =PCR products, using Kpnl digested DNA as template
Lane 4 '=/PCR productsiusing Ps:l digested DNA as terfplate

Lane 5 = PCR products using Spel digesteduDNA as template
Lané 6 =PCR products using Xbai digested DNA a8 temﬁl-ate

57
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Figure 3.10 Recovered PCR p dugt_é‘{ef the n')ttp—;;n_ﬂ gene fragments of phenylalanine

dehydrogenase. AT ;}{__}-;.u-_
Lane M = )\,{HdeH standard DNA marker ;l'j y

Lanel = sp'e&ﬁc PCR product using primer leell (594 bp)
Lane 2 = speeific PCR product using primer N1xC2 (402 bp)
Lane 3 _z= specific PER product usifig primer N2xC1 (372 bp)

Lane m = 100 bp DNAladder
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Phe-N2

1 GTTGTTTTTTGCAACGATCCébCGACAGGACTAAGGGCCATTATCGCTATTCATGACACC

Phe-N1

a
w

61 ACACTCGGACCTGCGCTTGGCGGCTGCCGCATGCAGCCTTATAACAGTGTAGAAGAAGCG

121 TTAGAAGATGCTCTTCGCCTCTC GACTTACAAATGCGCGGCGTCCGATGTC

181 GACTTTGGCGGCGGAAAAt%. CCGCAGAAAGATAAATCTCCAGAA
241 CTGTTCCGCGCGTTTG CGGCCGTTTCTATACAGGCACT
301 GATATGGGAACGAATAZICCA “tt“GAAACAAACTGCATTGTT

Phe-C1

IV GGA .\1\\' TCCAACTGCCATGGGTGTC
- CTG

t AAGGACGATCTTGGCGGTGTC

361 GGGGTGCCGGAAGCT

421 CTGTACGGCATTARAGQAA
481 ACGTATGCCATTCAAGGACTTEGTARAGT ACAAAGTAGCAGAAGG
LT TN

Figure 3.11 Nucleotid f}“""m . Of the inicinal geic ment of phenylalanine
dehydrogenase. The DNA c ne GE Appendix M. The regions
n y arrow

for primer design is show

ﬂUﬂ?‘VlEJWﬁWEJ’]ﬂ‘i
QW']ﬁNﬂ‘iELJ UA1AINYA Y
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phenylalanine dehydrogenase from other bacterial sources indicated that this amplified

fragment was the real phenylalanine dehydrogenase gene (data not shown).

3.5 PCR amplification for the 5’-terminal and 3’-terminal gene fragments of

phenylalanine dehydrogenase

To amplify the 5°- and 3’-terminal gene fragments and to sequence the

unknown parts of this gene by PCR met{n\(* 5;; ;peciﬁc primers, which could anneal to

the known sequence of the internal gene, wer ed from the nucleotide sequencing
data (section 3.4). The cassettmggg, wh"yh ce eal to one strand of the cassette,
were also used. The templw pated by a‘fé?sm of chromosomal DNA with

various restriction enzym

; g ed to one of the cassettes, which possessed
either 3’ or 5’ overhang

2.9.2.2. The PCR products

’ pé _9ré_§§ponding restristion site as described in

outer.5’-terminal primer (Phe-N1 x Cassette C1)
e% ‘(:l(ﬁg#f%l ), vwhil? the products from outer 3’-
ssette (1) showed

¥ "3

=

ly Ilone band when PstI digested

chromosomal DNA was used as €mplaté (Fi 13)
These PCR products w@ﬁﬁ med being used as templates for second

PCR which inner pairs ‘i{ primefs-(Phe-NZ x CasseliesC2 and Phe-C2 x Cassette C2)
Vi

were used. The second T

erminal | PCR products also gave the similar pattern with a few

smaller size bands comp =d with the first or . 1;4—') In addition, products from
AP

the second 3’-terminal amplification still gave only one strong band, with a few smaller

=9 ar
size bands than thﬂrucgjpfgi (Efﬁ ?AﬁSYq : lﬁ?g bands were chosen

¢
and eluted from agarose gel by QIAquick gel extraction Kit for nucleotide sequencing.
¢ .

The DNA eﬁm'rg-, qu 5 h ﬁﬁ ' i[f);ﬁ ncing results
suggested at 51 tgj.,ni a g ‘il mpli ied'b S igIted DNA as a

(=4

template is the real PCR product while PstI digested DNA gave the real 3’-terminal gene
fragment. Since the direct PCR sequencing method can determine only up to 300 bp from
the priming site, a new primer was necessary to be synthesized. Thus, the nucleotide
sequence of the Phe-C3 primer, CTCCGGCGGTCTCATCCAAG, was designed and
further used as sequencing primer for 3'-terminal gene fragment. The nucleotide

sequencing data is shown in Figure 3.16, 3.17 and 3.18.
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23.1
94—
66
44

23
21—

Cassette primer fd -‘;.,_’,:‘,;_' /
Lane M = A/HindIIl standard DNA matker
Lane 1 = ampﬁﬁed | products using,BamHI,digest?g ghromosomal DNA

as tl'Eéiplate ;“‘J

Lane 2 = amph‘-ﬁed products using BglII digestec'ifchromosomal DNA

as, template

Lane 3i=lamplified products-using PsrI'digested chrom@somal DNA
as template

Lane'4 =|amplified productsusing Spel digested chiromosomal DNA
as template

Lane 5 = amplified products using Xbal digested chromosomal DNA

as template



62

kb M 1 2 3 4 s

23.1
94
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Figure 3.13 The first 3% terminal, g]‘}_ipliff ed products using primer Phe-Cl1 and

P ;:r_
Lane M = A/Hindl staﬂdard DNAmafker

Lane 1 = amplified predncts using B’dm‘l:ﬂdl gested chromosomal DNA
£

Cassette primerC1

as teémlate -1 o
Lane2 = amprfﬁed products using BglII dlgesteumromosomal DNA
as temfﬂate -

Lane 3 =amplified products, using Psfl.digested-chromesomal DNA
as'template

Lane 4 = amplified products using Spel digested chromosomal DNA
astemplate

Lane 5 = amplified products using Xbal digested chromosomal DNA

as template
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kb M 1 2 3 4 5 M

PR Rovo B
bt ) P N e

.i

—
o '
na,l“amp)jlj}eg; products using primer Phe-N2 and

* [

__J .i.JJ" :\Tﬁ.‘
Lane M = MHindIlI $tandardDNA markers
Lane 1 = amplified prodgfe}ﬂs@;ing Ba@ﬁjggsted chromosomal DNA as template

Figure 3.14 The second

Cassette primer C

for @éﬁrst 5’-terminal arhpliﬁed products { y
Lane 2 = amplified products using Bg/ll digested chromosomal DNA as template
for the first 5°-terminal amplified products | |

Lane 3 = amplifiedsproducts using PstI digested chromosomal DNA as template
for) the first'5 - terminal amplified products

Lane 4 = amplified products using Spel digested chromosomal DNA as template
for.the firstd’ sterminal amplified-produgts

Llane 5 = amplified proddctsiusing’Xbal digestéd chromesomallDNA/as template

for the first 5’-terminal amplified products

Note: The templates of second 5’-terminal amplified products were PCR products from the
reaction using each restriction enzyme digested chromosomal DNA as template and Phe-N1 as

well as Cassette primer C1 were used as primers.
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kb M 1 2 3 4 5 M

23.1
94

Figure 3.15 The second tel _'nal amj;ﬁed products using primer Phe-C2 and
Lane M= MHindIll StandasDINA miarkes)

Lane 1 = amplified products’ﬁng Bamﬁ.-ﬂ,i;gested chromosomal DNA as template
for tha first 3’-terminal amplified products f

Lane 2 = amglfﬁcd products using BglII dlgested ﬂiomdsomal DNA as template
for thcj]rst 3’-terminal amplified products;

Lane 3 = amplified.products using Ps?I digested chromosomal DNA as template
for thelfirst 31 -términal amphified products

Lane 4 sjamplified products using Spel digested chromosomal DNA as template
for.the first. 3’-terminal amplified products

Lane 5 amphfied proddcts usingXbal digested chromosomal DNA as template

for the first 3’-terminal amplified products

Note: The templates of second 3’-terminal amplified products wers PCR products from the
reaction using each restriction enzyme digested chromosomal DNA as template and Phe-C1 as

well as Cassette primer C1 were used as primers.
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1 AAATACCCCAAAATACATACGGGAAGTAAATAAAGGTCTGGAAATTCCCTCATAATGATA

61 TATATATATATCATTTAACCTTTTATAACTAAAGTGAAGCGTATGCCTGCCGGCGCTGTT

121 ATTGGCGCTCGTTTGAAAGGGCF*W. AAAATTATATAACCAAGGAGCTGACAGATCCTT
181 TTTCTGCGGCTAAATAAAAGC ATPAACGEAAAGCAGGGATTAAATATGAGCTT
241 AGTAGAAAAAACATCCA ' GATTTCACTCTTTTTGAAAAAATGTCTGAACATGA
301 ACAA |
e \1

Figure 3.16 Nucleotide s o the5'=ic Y N ~gene fragment of phenylalanine
dehydrogenase using antis imer PhesN. \\ ?\ N2. The DNA sequencing
profiles can be seen in Appen s underlined.

AULINENINEINg
RINNTUUNININY
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1 GATCTTGGCGGTGTCACGTATGCCATTCAAGGACTTGGCAAAGTAGGCTACAAAGTAGCG
61 GAAGGGCTGCTCGAAGAAAGCGCTCATTTATTTGTAACGGATATTAACGAGCAAAGCTTG
12, \AACAACAT S3GTTCTGTCACGGTAGTGGCGAGCGAT

181 CTGATG el CTTGTGCATTTGGCGGTGTTGTTAAT

241 GATGAAACCATGAAGC sTGAAZ \AT GGTTCAGCCAACAATCAGCTG

301 CTCACGGAGGATC [ACACCGCCCATTCTATATGCTCCGGATTAT

361 ATTATTAACTCCG SCAAGTAGCCG AATCGTATGAGGTGAA

Figure 3.17 Nucleotide sequence of the 3 -terminal gene fragment of phenylalanine

dehydrogenase using sense primer r__f T C2. The DNA sequencing profiles
SR

can be seen in Appendix . ' egliencing primer (Phe-C3) is

shown by arrow.

AULINENINYINS
RINNTUUNININY
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1 CAAAGAACGCGTGCTTGCGAAGACGAAGCATATTTACGACGCAATTCTTGAAGTGTACCA
61 GCAAGCGGAATTAGATCAAATTACCATAATGGAAGCAGCCAACAGAATGTGTGAGCAAAG

121 AATGGCGGCCAGAGGCCGACGCAAC [C ACTTCTTCTGTTAAGCCAAAATGGGA

181 TATTCGTAATTAATACTTGT

Figure 3.18 Nucleotide se agment of phenylalanine

dehydrogenase using sense . sequencing profile can be seen in

Appendix M.

AULINENINYINS
PRIANTUAMINYAE
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From the gene walking and sequencing by cassette-ligation mediated PCR,
the complete nucleotide sequence of the whole gene fragment was identified as shown in
Figure 3.19. The nucleotide sequence of the phenylalanine dehydrogenase structural gene
contains 1140 nucleotides open reading frame, which is capable for encoding a
polypeptide of 380 amino acids. This gene had GC content about 40 %. The nucleotide
sequence was compared with the DNA sequences deposited in the EMBL-GenBank-

DDBL database. The percentage of identical nucleotide sequences of the enzyme

compared with phenylalanine dehydroge‘{l rom Bacillus badius, Thermoactinomyces
intermedius, Sporosarcina ureae, and B %@ncus were 96, 85, 83, and 81%,
respectively. The ahgnment wn 31 0 Comparison of nucleotide

sequences between phenyla

of published Bacillus badi

wdrogenase- gETre-of.Baczllus badius BC1 and those

e""-“

the e guen@‘ phenylalanine dehydrogenase from
other bacterial sources. Bacillus-badius B,Clmm the highest overall levels of

identity with the enzyfn% om Bacillus badius (98 %) as/ shown in Figure 3.22.

The percentage of identical amino acids of %?cm’ﬁgared with phenylalanine

dehydrogenase from The oactmomyces intermedius, Baczlhis sphaericus, Sporosarcina
ureae, Bacillus h l{ , 70, 62 and 35%,
respectively. The a@nﬁﬂzﬁﬁﬁ ﬂﬂrﬁ]ﬁ ; Lys-78 and Asp-118,
which involved in the active site (Brlﬂlhuber et a§1999 were idéntical in all the

phnylatani iyl bddnbsiba s YV bbby

3.7 PCR amplification of the whole gene fragment

badius BC1 was compared wi

To overexpress phenylalanine dehydrogenase gene in E. coli with the
assistance of lac promoters of plasmid pUC18, the whole gene fragment was amplified

by using the new pair of primers. The 5’-primer (Phe-Eco) containing (i) an EcoRI
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V EKT S I I KD FTULTFTEI KM S STETHE
301 ACAAGTTGTTTTTTGCAACGATCCTCGCACAGGACTAAGGGCCATTATCGCTATTCATGA
Q VV FCNDUPRTGILRATITIATIMBHD

361 TAACAGTGTAGAAGA
T TL G P ALGGTCIRMMOQZPZYUDNSVEE

421 GCGTTAGAAGATG OGO AAG [ACAAATGCGCGGCETCCGE

A L EDATZLR._L Y K CA A S D

481 C GGCGGCGGAR

V D F G &

541 AGA 'TCCGCGCGT
E L F R =

601 TATGGGAACG

T D M

661 GGGGTGCCOGG
vV 6 V E
721 TGTC FACGE

vV L Y
781

841

901

K Q 2
1081 TCACGG S e TTATETTATTAACTC

H G R L AYTGTITLJYA ATPTD
1141 CGGCGGTCTCA!

K K H I YDATITULEUVYOQQOQOATETLDOQ

P IRSS TR ATER

R ¥ S F ¥ T S S VK P K ¥ D I RN *

1381 GTTCGGGGGGATATCATGA

Figure 3.19 The nucleotide sequence and the deduced amino acid of phenylalanine dehydrogenase gene
from Bacillus badius BC1. Blue = sequence from the internal gene fragment amplification, violet = the
overlap sequence between internal gene fragment and the first 3’-terminal gene fragment amplification,
green = sequence from the 5’-terminal gene fragment amplification, red = sequence from the first
3’-terminal gene fragment amplification and pink = sequence from the second 3’-terminal gene fragment
amplification.



70

CLUSTAL X (1.64b) multiple sequence alignment

BEL e e e e e
BBA GCATGCCTTCTATCGTGCTGAAATCCCCTGTTCCCGAGAAGATTATTTTGCCGTCTGATG
BUR. e e e e e e e i e e e
BED 0 e e e e e e e o i
PIN  ° e e e e i i S R S R S
HHO 000 s s et e

BC1
BBA
SUR
BSP
TIN

BC1
BBA
SUR
BSP
TIN
RHO

BC1
BBA
SUR
BSP
TIN
RHO

BC1l ACGGGAAGTAAATAAA! AR

BBA CTGAAAATTCAATCA@MQMAT~

SUR AT (c z

BSP - CCATGATGAACGTG---~-
TIN ',‘ A M CCGAAGATCAAAGTGAGGG

BC1 CCTTTT ﬁTAAAGTGAAGCGTATGCCTGCCGGCGCTGTTATTGGCGCTCGTTTGAAA

BBA = -AAAGTGAAGCGTATGCCT:--z-—r-z-—&= CATTGGCGCTCGTTTGAAA
ﬁ ?l j CTTGGACTATTGAAC
BSP TTGA -4-%- --TGGAACAGTCAAT

SUR
TIN CGGGCGTTTTTGGAAAAAAGAAAACCGGTTTTTCGGGGGGAATAAGATCACACTTC
RHO = mmmmmmmeee e e ##--CTGCAGAGA

o AALANTL MAAANENAL....

BBA GGGCTTACAAAAATTATATAACCAAGAAGCTGACAGATCCTTTTTCTGCGGCTAAATAAA
SUR TLCTT~=rommim GAAATAAATAGATAGATTGCTGATACCCTCATATAGGTTCAC-AGC
BSP TGCTTTTACAAACCGATTTAAATCCTTGAATTGAAGATCCCAAAAAATTAATGCTGGAGC
TIN CGGTTTTGGGCA-TATGATGAGTTGAAAGATTTTCAGGCTTGTCAGTCAACTTGTTCAAA
RHO CETTTT-CG~==~~ CCAAAGACTGGTCACACTATGAAGACGCACCCTCCGTCGCCGCGGA

(continued)

Figure 3.20 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
various sources. BC1 = Bacillus badius BC1, BBA = Bacillus badius, BSP = Bacillus sphaericus,
SUR = Sporosarcina ureae , TIN = Thermoactinomyces intermedius and RHO= Rhodococcus sp.

Conserve residues are indicated by asterisks.
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(continued)
BC1 AGCGTTCAACTATTAACGAAAGCAGGGATTAAATATGAGCTTA- - -GTAGAAAAAACATC
BBA AGCGTTCAACTATTAACGAAAGCAGGGATTAAATATGAGCTTA- - ~GTAGAAAAAACATC
SUR I ATAAAATAGA--GGAGGAAATGATTTTGGTAACT- - ~TTAGAACAGACTTT
BSP TT--GTCTGATAAGATTGAATGGAGGAAAAAGAAATGGCAAAACAGCTTGAAAAGTCATC
TIN GTGGAGATGATAAGAATGGGAAGCATGAAAATCAATGAACAAAAGCGGGGATCTTTGTTG
RHO 5. IUSIRER CGAATCGGGACTGCTCGGAGTTGTCTGCGTCCACTGCATCCATCGAACATC
* *
BC1 CAT-CATAAAAGATTT-CACTCTTTTTGAAAAAATGTC--——-— TGAACATGAACAAGTT
BBA CAT-CATAAAAGATTT-CACTCTTTTTGAAAAAATGTC-————- TGAACATGAACAAGTT
SUR ACA-AGACGACAAGGC-AAGTGTTTTGGATAAAATGGT-——--— CGAGCATGAACAAATT
BSP AAA-AATTGGTAATGA-GGACGTTTTTCAAAAAATAGC-——--— GAATCACGAGCAGATT
TIN GAGGAAGCGAAGATGCGC TGATGGACCGCTATGGCCACGAGCAGGTC
RHO AAGGGGTACATCATGAGQ%C? ;M EGAACTE———— GGACGGGGAAATGACG
* %
BC1 GTTTTTTGCAA@CA GAO@!HGEEE'CATTATCGCTATTCATGACACCACA
BBA GTTTTTTGWGAC GGAC?N%@ATCGCTATTCATGACACCACA
SUR CTATTTTG AARGE? T ATTGCAGTCCACGATACGACT
BSP A AT@AT : ATCATTGCTATCCACGATACAACC
TIN ATTTTTTG ) GAAR TCGCCTTGCATAATACAACC
RHO GTCACCCGATE SGAG CCC TCATTCGACTCGATTCGACCCAA
4 * * * * %

BC1l P TGECEGCTGCC CAGTGTAGAAGAAGCGTTA
BBA ' fel! CAGTGTGGAAGAAGCATTG
SUR : :
BSP
TIN G AT
RHO ! G CTCACAGCTGGCGGACGCCCTC

* * % *
BC1 GAAGATGCTCTTCGC
BBA GAAGATGCTCTTCGC(;T‘I‘T;;?AAA(;
SUR AAAGATGTTCTTCGCCRTTE '
BSP
TIN
RHO

* fod
Q 49

BC1 TTTGGCGGCGGAAAAGCAGTCATTAT - - - - - CGGTGATCCGCAGAAAGATAAATC-——--
BBA TTTGGCGGCQ&A&AGCAGTCATTAT —-CGGTGATCCGCAGAAAGATAAATC -----

SUR GATAAAAC-----
BSP ’3- GGATAAATC-----
TIN APCATM _¥_ GATAAATC---—-

RHO GCGGGGGCAAATCCGT TTGCGCTTCCTGCGCCGCGTCATTCGATCGATCCGAGC
* kkkkk Kk Kk L
w9 W'] AN IUUBAINLLE oo
BBA = 8 @ ----- TCCAGAACTGTTCCGCGCGTTTGGCCAATTTGTTGATTCGCTTGGCGGCCGTTTC
SUR = eeee- GCCTGAGAAATTCCGTGCTTTCGGTCAATTCATCGAATCATTGAACGGACGCTTC
BSpPF @ semee TCCGGCATTGTTCCGTGCATTTGGTCAATTTGTGGAATCACTGAATGGACGATTT
TN e GCCGGAGTTGTTTCGCGTGATCGGCCGTTTTGTGGGCGGGTTAAACGGCCGTTTC
RHO ACGTGGGCACGCATCCTCCGAATCCACGCCGAGAACATCGACAAGTTGTCCGGCAACTAC
* * k% * * % * * % *

(continued)

Figure 3.20 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
various sources. BC1 = Bacillus badius BC1, BBA = Bacillus badius, BSP = Bacillus sphaericus,
SUR = Sporosarcina ureae , TIN = Thermoactinomyces intermedius and RHO= Rhodococcus sp.

Conserve residues are indicated by asterisks.
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(continued)
BC1 TATACAGGCACTGATATGGGAACGAATATGGAAGATTTCATTCACGCCATGAAAGAAACA
BBA TATACAGGTACTGATATGGGAACGAATATGGAAGATTTCATTCACGCCATGAAAGAAACA
SUR TATACAGGTACAGACATGGGCACAACGCTTGAAGACTTTGTGCATGCCATGAAAGAAACA
BSP TACACAGGTACTGACATGGGGACCACGATGGATGATTTTGTCCATGCACAGAAAGAGACG
TIN TATACCGGAACCGACATGGGAACCAATCCGGAAGATTTTGTCCATGCCGCCAGGGAATCG
RHO TGGACCGGACCGGACGTCAACACCAATTCGGCAGACAT-GG--ATACTCTGAACGACACC
* *% *% * k% * **% % * * % * * * * * % *

BCl A---ACTGCATTGTTGGGGTGCCGGAAGCTTACGGCGGCGGCGGAGATTCCTCTATTCCA
BBA A---ACTGCATTGTTGGGGTGCCGGAAGCTTACGGCGGCGGCGGAGATTCCTCTATTCCA
SUR A---ACTACATCGTGGGCAAGCCGGTCGAATATGGTGGCGGTGGAGACTCATCGATCCCT
BSP A---ATTTCATTAACGGAATTCCTGAGCAGTATGGTGGAAGCGGCGACTCGTCGATTCCG
TIN A---AATCTTTTGCCGGATTGC CGTACGGCGGAAAGGGGGACACATCCATTCCC
RHO ACCGAGTTCGTGTTCGGAC CGGCGGCGCGGGTTCGAGCGCGTTCACC

* % | ** * % * % * * *
BC1l AACAAAATGCTGTTTGGCAAGGAC
BBA STACGG! CAAAATGTTGTTTGGCAAGGAC
SUR AG" T CAGAATCTGTTTGGCGACGAC
BSP [ T
TIN
RHO
BC1
BBA
SUR
BSP
TIN A ! >CATCCAAGE!
RHO g : CAR 3GGGCAGTCGGAGGATCATTGGCA

4 7 **k kK *
# / -~ *
BC1 GAAGGGCTGCTCCAAGAARECECTCE
BBA GAAGGGCTGCTCGAAGAAGGTGCTCA
SUR GAACATATTATCAAGGA&QQEGG”-
BSP
TIN : - ( ~mm A AAAR ~C ACATCGATTCGETG - — — — —
RHO N GAR AACTC! AGACACCGACACCGAG-----~
do * *
. —
I

BCl GCGGCCA AGGAAAAAGCAAAAACAACATC CGGT%GLGTCACGGTAGTGGCGAGCGA
BBA GAGGCTATCQ?GGAAAAAGCAAAAAC CATC CGGTTCTGTCACGGTAGTAGCGAGCGA
SUR GATTGCAG=---= TCAG TCAGGGTCGTATCAAGTGA
BSP ﬁfri}ﬁ %ﬁ CATTGTAAAAAGTGA
TIN TTGGTGGATGTGAA
RHO - CGAGTAGCGCACGCTGT TGCGTTGGGCCACACAGCGGTTGCCCTCGA
QWM&Q%@M&M A o
BBA TATTCCCAGG CA CGTTGTTAA
SUR GGAGATTTACAGTCAGCAAGCAGATGTTTTTGTTCCTTGTGCATTTGGTGGCGTGATCAA
BSP CGATATTTACAGCGTACAAGCGGATATATTTGTTCCGTGTGCGATGGGTGGTATTATCAA
TIN CCGGATTCACAAGGAGAGTTGCGATATTTTCTCGCCTTGCGCCAAAGGCGGCGTGGTCAA
RHO GGACGTTCTGTCCACCCCGTGTGATGTCTTCGCACCCTGCGCAATGGGCGGCGTCATCAC

* % *kk*k *x k% *k Kk k% * %k Kk * * %
(continued)

Figure 3.20 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
various sources. BC1 = Bacillus badius BCl, BBA = Bacillus badius, BSP = Bacillus sphaericus,
SUR = Sporosarcina ureae , TIN = Thermoactinomyces intermedius and RHO= Rhodococcus sp.

Conserve residues are indicated by asterisks.
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(continued)
BC1 TGATGAAACCATGAAGCAGTTCAAGGTGAAAGCAATCGCCGGTTCAGCCAACAATCAGCT
BBA TGATGAAACGATGAAGCAGTTCAAGGTGAAAGCAATCGCCGGTTCAGCCAACAATCAGCT
SUR TGACGACACGCTAAAGGTGCTGAAAGTACGAGGAATCTCCGGTTCAGCAAACAATCAGCT
BSP TGATAAAACCATTCCTAAGTTAAAGGTGAAGGCTGTTGTGGGATCAGCCAATAACCAGCT
TIN TGATGACACCATTGACGAGTTCCGTTGCCTGGCCATTGTCGGATCCGCCAACAACCAACT
RHO CACCGAGGTGGCGCGAACACTCGACTGTTCCGTCGTGGCCGGTGCCGCCAACAACGTCAT

* * * * * % * k% k% k% *
BC1 GCTCACGGAGGATCACGGCAGACAGCTTGCATACACCGGCATTCTATATGCTCCGGATTA
BBA GCTTACGGAGGATCACGGCAGACACCTTGCAGACAAAGGCATTCTGTATGCTCCGGATTA
SUR CGCGGAAAGCCGCCATGGAGAGCTACTACGTGAAAAGGGTATTTTGTACGCACCAGACTA
BSP CAAAGACCTCCGCCATGCAAATGTACTAAACGAAAAGGGAATTCTATATGCACCCGATTA
TIN GGTGGAAGACCGGCATGGGCCAGTEETTCAAAAACGGAGCATTTGTTATGCACCCGATTA
RHO CGCCGACGAGGCCGCCTCG% CGCACGCGGAATTCTGTACGCTCCCGACTT

* k%% *kk %% **k k% *
e
BC1 TATTATTAACTGG&E=EEEFTCATCC CGACGAATCGTATGAGGTGAACAA
BBA TATTGTTAACTGEGGGGG$€TGAibCAA:-GEEGHEGACGAATTGTATGAGGTGAACAA
SUR Gt ATGAATTGTACGGAACGAATCC
BSP ¢ ‘,. p ~GITGCTGACGAACTTTATGGGCCGAATAA
TIN o H:ggbBEQSgGAACTGGAAGGCTTCCATGA
RHO SCCEGIGaC AC AGECCGGGAGGTTCTCGGTTGGTCCGA
MAT T * % *
: -
BC1 I A Al TACGACGCAATTCTTGAAGTGTACCAGC
BBA GAEEA ‘ AcGAcquATTcTTGAAGTGTACCAGC
SUR N A A @
BSP CTCTGCTTGAAATTTTTAATC
TIN TGGTCCTGGATATTTTTCACC
RHO
* * * * *
BC1 AAGCGGAATTAGA cm&mj&cm%cc CCAACAGAAT-GT--GT--GAGCA
BBA AAGCGGAATTAGATCAAAFCACCA GCAGCCAACAGAAT-GT--GT--GAGCA
SUR AGGCAGAACAGGATCATATEACAAC CCGCAGACCGTAT-GT--GT--GAAAA
BSP AGGCAGECCTTGACTGEATCACAACAG! : AATAGGAA-GT--GT--CAAAA
TIN GEECY TGAGAATATTACCACTTGTG. GGATCGT--GATGGAGCG
RHO TCTCC jCTCTCGCTGGACGGCGCG
* * *
BC1 AAGAATGGblGCCAGAGGCEéACGCAACAGCTTCTTTAbLTCTTCTGTTAA—GCCAAAAT
BBA AAGAATGGCGGCAAGAGGCCGACGCAACAGCTTCTTTACTTCTTCTGTTAA-GCCAAAAT
SUR GCGTATTGCGEATBCCAAGAATCGCANRAGCTTCTTCACACAGTCAAACCG-ACCGAAAT
BSP ‘ A 7 ACGCAG-GCCGAAGT
TIN GT'TAAC CGEATCTTETTG CCGCAACAGCGCAAG
RHO CGQFCGAGGCCTCGACAACGACAGCGACTGCCTAGT AATCGATCTCGGAGTCTGGCGAT
= 9 ﬁ’iﬁ@ﬂ@ﬁﬂ T
BBA AATACCCA
SUR GGAATTTTCATCAGTAAT- - -AAAAATAGCTGAA - ——================= ===~
BSP GGAACATAAAAGAGTAAT- - - ATTGAAAGCGTAAACATTGGAAGAGGAGCTGAACATATG
TIN GAGGTAAAAATCATTGATGAAACTGATGACCGAGGAGGATGTCCGCCATCTTGCCCCGGA
RHO CGACCATCGGTCCCC-ATCTGGCACGGACGGTCATGCGAGGGTCGGCGTCCCGTCCAGTC
* %

(continued)

Figure 3.20 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
various sources. BC1 = Bacillus badius BC1, BBA = Bacillus badius, BSP = Bacillus sphaericus,
SUR = Sporosarcina ureae , TIN = Thermoactinomyces intermedius and RHO= Rhodococcus sp.

Conserve residues are indicated by asterisks.
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(continued)

BCL —mmmemmmmmmmmmmmmmmmmmmm e mmm e mmm e
BBA ATCAAAAGAATAATCGATGATGAAGGCAACTTGATAGATGCGTCTTACCAGGATCAGCTG
SUR = memmmmmem e i o s o i i
BSP AACAAATATGAAACGATTGATCTTATGGAGGTGGCCAATAATGGGGCCACTCCTCCAAAT
TIN TGGCCGTTTGACGGAATCGGGAAAGGAAATCTGGAACCGGTTGAGTGTGGAAAAGAAAAA
RHO CGCCTCGGTCCT — = = === == = mmmm = o mmmmmmm—— —— oo

BCl e e
BBA AATGAGCAGCTTGTGAAAGACCTTTATTACCATATGCATCGAATTAGAACATTTGATAGA
SUR e
BSP TGTGATCTTACCTTGCAAATCCAGCCTGTTCATGCAAAGGATGGAAAATCAAAAGGAATT
TIN L

BEL 00 cmeemmsmeee
BBA
SUR = mmeeeeee-u
BSP
TIN @ ——m—eeeegd

Figure 3.20 Linear alignment o otide sequence \ . anine dehydrogenases gene from
various sources. BC1 = Bac f .1, BBA acil adius, BSP = Bacillus sphaericus,

SUR = Sporosarcina ureae |, ‘ ctinon interme and RHO= Rhodococcus sp.

(Jaistiond < 2f

L35 T8

AULINENINYINT
RINNTUUNININY
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CLUSTAL X (1.64b) multiple sequence alignment

BEL 0000 e e e e i i e e e i i
BBA GCATGCCTTCTATCGTGCTGAAATCCCCTGTTCCCGAGAAGATTATTTTGCCGTCTGATG
BCL
BBA AAGAACAGGAATGGCCGTGAAGGACGGCGCATCATAGAAGATGATGTCGAATGATAAGAC
BCLl
BBA AAGCCTCCTCTTTCTATTGTCGAAAGAGGAGGCTTTTTTAGCTTTTATTTACTGGAAATG
BC1 SR——. | { “CCAAAATACATACGGGAAGTAAATAAAGGT
BBA le TACATACGAAAAGTAAATAAAGGT
\ }********* Ahkhkhkkhkhkhkkkkkkk
e — S m—
BC1 CATA. -ATA!ATATH!!!!II.ITTAACCTTTTATAACTAAAGTGA
BBA ; TAACCTTTTATAATTAAAGTGA
*kk kkkkkx v‘ k% *hkkhkhkhkhkhkhkhkhkhkhkhhkhrhdk *hkkkhkkkkx
BC1 GAAAGGGCTTACCAAAATTATAT
BBA GGGCTTACAAAAATTATAT
kkkkkkk XKk khkkhkhkk Khhkkkkkkkk
BC1 : ki M GCGTTCAACTATTAACGA
BBA ] \GA TRC AAATAAAAGCGTTCAACTATTAACGA
9 3 khkkhkhkhkhkhkhkrkhkkkkkkkkkkk
BC1 : GAGCTTAGTAGAAAARACATCCATCATAAAAGATTTCACTCTT
BBA AAATA AAAACATCCATCATAAAAGATTTCACTCTT
- PR R T EEEEEEEEE R R SRR RS R RS
i ;

BC1 TTTGAAAAAATGTCTGAAEEEGAA IGTTTTTTGCAACGATCCTCGCACAGGACTA
BBA TTTGAAAAAATGTCTcgagggGAﬁ AR TTTTTGCAACGATCCGGCGACAGGACTA
* % %k % %k %k hokokdkok ok ok ok kokkokokokok **'k *W-**r***** dhkkkkkkkk
BCl TTATCGCTATTCATGACACC GGACCTG GCTTGGCGGCTGCCGCATG
BBA AP ATC “TEEGCTCGGCGGCTGCCGCATG
********l*, % % X IEEEBEETEEE LRSS RS R R RS
BC1 CAGCCTTAT AGTGTAGAAGAAGCGTTAGAAGATGCTCTTCGCCTCTCCAAAGGAATG
BBA T A TGGAAGAAGCATTGGAAGATGCTCTTCGCCTTTCCAAAGGAATG
-Ejnﬂ-j w Sqﬂﬁ** dkhkkkhkkkkkkk*x
BC1 ACAAATGCGCGGCGTCCGATGTCGACTTTGGCGGCGGAAAAGCAGTCATTATCGGT
BBA ACTTACAAATGCGCGGCGchbATGTCGAcTpﬁggCGGCGGAAAAG TCATTATCGGT
q * % %ok % Foak % e k. * % * *k kkkkkkkk
BC1 I L’lﬁm M}Lﬁqg ll Ef[')l TTGATTCG
BBA GATCCGCAGAAAGATAAATCTCCAGAACTGTTCCGCGCGTTTGGCCAATTTGTTGATTCG
************************************************************
BC1 CTTGGCGGCCGTTTCTATACAGGCACTGATATGGGAACGAATATGGAAGATTTCATTCAC
BBA CTTGGCGGCCGTTTCTATACAGGTACTGATATGGGAACGAATATGGAAGATTTCATTCAC
khkkhkhkhkhkhkhkhhkkkkhkkhkhkhhkhkk khkhkhkhkhhkkhkhkhkhkhkhkhhkhkhkhkhhkhkhhkhkhkhdhhhkhk

(continued)

Figure 3.21 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
Bacillus badius BC1 and published Bacillus badius. BC1 = Bacillus badius BC1, BBA = Bacillus badius

Conserve residues are indicated by asterisks.
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(continued)
BC1l GCCATGAAAGAAACAAACTGCATTGTTGCGGTGCCGGAAGCTTACGGCGGCGGCGGAGAT
BBA GCCATGAAAGAAACAAACTGCATTGTTGGGGTGCCGGAAGCTTACGGCGGCGGCGGAGAT
kA Ak A KKK AR ARk hhhhhhhhhhhhhkhhhkhkhhhhhhdhhhrhkrkhrhhhhddhhhhkhx
BC1 TCCTCTATTCCAACTGCCATGGGTGTCCTGTACGGCATTAAAGCAACCAACAAAATGCTG
BBA TCCTCTATTCCAACTGCCATGGGTGTCCTGTACGGCATTAAAGCAACCAACAAAATGTTG
********************************************************* *%
BC1l TTTGGCAAGGACGATCTTGGCGCTGTCACGTATGCCATTCAAGGACTTGGCAAAGTAGGC
BBA TTTGGCAAGGACGATCTTGGCGGCGTCACTTATGCCATTCAAGGACTTGGCAAAGTAGGC
AKhkKkAkhkkhkhkhkhhhkhhkddhhkhkhkhhdx *xxx%x PR R R R R R EE R R E R SRR R RS SRS SR SR &S]
BC1l TACAAAGTAGCGGAAGGGQ ‘ CGCTCATTTATTTGTAACGGATATTAAC
BBA TACAAAGTAGCGGAA TGCT - CTCATTTATTTGTAACGGATATTAAC
************* “‘-i'*************************
.—_--'
BEL GAGCAAAGCTMTCAdAAAWAACATCCGGTTCTGTCACGGTA

BBA GAGCAAACGTT! \ CAACATCCGGTTCTGTCACGGTA
dok ok Kk kK ’ ok ek Tk kkkkkk Kk kkkkkkkkkkk kK
BCl GTGGCGAGCGA A GC' 'GTGTTCGTCCCTTGTGCATTTGGC

BBA _ aCH| TCGTTCCGTGTGCATTTGGC

BC1 CCAf ;:’ v é%%%giGCAATCGCCGGTTCAGCC

BBA TGAA GAAAGCAATCGCCGGTTCAGCC

¥ I EEEEEEEE R R R RS SRR SRS S

BC1 A GGOAGACACETTGCATACACCGGCATTCTATAT

BBA TGCAGACAAAGGCATTCTGTAT

Kk khkhkkhkkkkkkkk o4 3 % *hkkkkk Kkxk *khkhkkkkkk kkk

BC1 GCTCCGGATTATATTATEﬁﬁﬁrc - CATCCAAGTAGCCGACGAATCGTATGAG

BBA GCTCCGGATTATATTGTTAACTC TGATCCAAGTAGCCGACGAATTGTATGAG

******:ﬁ******* ﬂ(f{**f;\-f*_‘kr********** %* %k k ok kK

BC1 "--'-7---':'-':"- GCTTGCGAAGACGAAGCATAT " ACGACGCAATTCTTGAAGTG

BBA AKAGAA [GCG? a. GACGCAATTCTTGAAGTG

* %k %k % % % %k & S % 'k %k ok *fE]********************

BC1 TACCAGCAAGCGGAATTAGATCAAATTACCATAATGGAAGCAGCCAACAGAATGTGTGAG

BBA TACCAGCAAGCGEAATTAGATCAAATCAGCACAATGGAAGCAGCCAACAGAATGTGTGAG

TJ Elq*ﬂtrmj*?l kkkkkkkkhkkkkkk*

BC1 c GAATGGCGGCCAGAGGCCGACGCAACAGCTTCTTTACTTCiTCTGTTAAGCCAAAA

BBA GAATGGCGGCAAGAGGECGACGCAACAGCTTCTTTACTTCTTCTGTTAAGCCAAAA

* %k % % * %k % * Kk k k k k k ok Kk k k ***********

BC1 1;3 Tﬁqjilazsl‘glj:];:i;EJEIij[:lél:ijs jzj ELL ________

BBA TGGGATATTCGCAACTAATACT- GTTCGGGGGGATATCATGAATACTCAATACCCAATCA
dAhkhkkhkhkhkhhhkdk *kx *hxhkdkhkhkk *hkkhkkhkdkhkkkhkhkhkhkhkhhkk

BCL e e

BBA AAAGAATAATCGATGATGAAGGCAACTTGATAGATGCGTCTTACCAGGATCAGCTGAATG

(continued)

Figure 3.21 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
Bacillus badius BC1 and published Bacillus badius. BC1 = Bacillus badius BC1, BBA = Bacillus badius

Conserve residues are indicated by asterisks.
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(continued)
BEL 000 e e A S e S S
BBA AGCAGCTTGTGAAAGACCTTTATTACCATATGCATCGAATTAGAACATTTGATAGAAAGG

- o A —
BBA CGATCAGCC

(continued)

Figure 3.21 Linear alignment of the nucleotide sequence of phenylalanine dehydrogenases gene from
Bacillus badius BC1 and published Bacillus badiu: 1 = Bacillus badius BC1, BBA = Bacillus badius

Conserve residues are indicated by asterisks..
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restriction site, (ii) a Shine-Dalgarno sequence of plasmid p7rc99, the expression vector
for E. coli JM105 and (iii) 5’-end of the desired sequence was designed.
The 3’-primer (Phe-Bam) contained 3’ end of phenylalanine dehydrogenase gene, the
TAA translational termination signal followed by the restriction site for BamHI.
Figure 3.24 shows the 1171 bp PCR product of the whole gene fragment amplified from
the various templates. Only Clal, Pvul and Spel digested DNA templates gave strong

specific PCR product, while the others also gave a similar product with lower band

density. After the nucleotide sequences oﬁ\ cts were confirmed, the PCR product
of Clal digested DNA template was used for f ng
3.8 Transformation - "“-

N

The whole ge :
EcoRI - BamHI digested 18" vec r-and.the transformed into E. coli JM109 by

colam :’ exp ted to contain the recombinant
ddd

Jl

type of plasmid, which gave two stl“onébandsm;coﬂ and relaxed forms, on agarose
gel electrophoresw (Flguxig 3 248 Ian’e’”2-6) be{‘?GVT,

it_could be double digested by
gene fragment (1.17 kb) (Fj.\re 3.26, lane 4-8). Fc
colony of second, third and fotl’;rth type of plasrmds The second type (Flgure 3.25, lane 8)

gave 3 bands whlﬁ?u ETW Wﬁ w.ﬁwﬂ?’a type (supercoil and

relaxed form), whilesathe other one was unknown supposed no linear form base on

its mobilit i ‘i coRI-BamHI
digested plﬁjgmjdﬂ{m\gmﬁt eZJSEIZJS nserted gene
fragment similar to the products of the first type (Figure 3.26, lane 10). The third type of
plasmid had higher molecular weight than the first type (Figure 3.25, lane 7), however, it
also gave a band of inserted gene after double digestion. The result suggested that
its part of vector was changed. The last type showed 2 main strong bands,

which gave their mobility of cut and uncut plasmid similar to those of pUC18 (Figure

3.25, lane 9 and Figure 3.26, lane 11). Thus, it may suggested to be pUC18 monomer.
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kb

231

(B

Figure 3.24 PCR product of the wl:rple phenyialamy,p dehydrogenase gene amplification
using primers Phe-Eco and Phe-Bam (1 17I. .bp). ﬂm3qglﬁc product is indicated by arrow.
Lane M = MHdeIh standard DNA marker p £ ) |
Lane 1 = amplified p‘roducts using BamHI digested chrom.oéomal DNA as template
Lane 2 = amplified products using Bg/IT'digested chromgsomal DNA as template

Lane 3 = amplified produgts using Clal digested chromosomal DNA as template
Lane 4 = amplified preducts using-EcoRI digested ehromosomal DNA as template
Lane 5 = amplified products using Kpnl digested chromosomal DNA as template
Lane’6) fiamplified pfodietssifig Psil digest€d chroiosomal'DNA s template
Lane 75 = amplified products using Pvul digested chromosémal DNA @S template
Lane 8 = amplified products using Spel digested chromosomal DNA as template
Lane 9 = amplified products using Xbal digested chromosomal DNA as template

Lane 10 = amplified products using Xhol digested chromosomal DNA as template
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Figure 3.25 Extracted pl&i@ of uaﬁg@gnts
Lane M = A/HindIll standard DNA markey
ll"‘j_il undigested pUC18 __ij
Lane 2_9J extracted plasmids of transformant No 4, 5, 6, 10,
SPLA 20 and 22, respectively

Lane
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Figure 3.26 EcoRI - BamHI dxgestctl plasnud'ﬁfﬁansformants
LaneM = MHJMDNA&M; j

Lanel = undfgested pUC18 — o
Lane2 = EcoRY- BamHI digested pUC18 -
Lane3  =~ramplified productof the whole phenylalanine.dehydrogenase gene

Lane 4-11 =_EcoRI="BamHI digested plasmid of
transformants No 4, 5, 6, 10, 15,29, 20 and 22, réspectively
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In addition to 2 strong bands, this type of plasmid also gave very weak bands
corresponded with the pattern of the first type.

3.9 Phenylalanine dehydrogenase activity of transformant

The 25 recombinant clones were also grown for enzyme assay as described in
2.15 and 2.16. E. coli IM109 and E. coli JM109 containing plasmid pUC18 were used
as references. The transformants posgﬁﬁ? irst type of plasmid showed various
levels of the enzyme total aCtIVItle&.tTQ
PCR amplification of the wbgm which lﬂﬂ, changing of essential amino
residues of the enzyme. The*highest tal actlv\'ﬂ'ﬂ'GO fold higher than that of

ich seemed to harbour only

ThlS may be caused by error in

vector plasmid. It was noteff thaf'i 1al .19 whfh-had abnormal part of vector

Crude extracts from _Hansf’%s that had high total enzyme
activity, E. coli JM109, JJV coli IM'(O? harb otz §
dehydrogenase from BE" ':“—:':::7.".'—:':——-—:‘--‘"—‘ were subjected to the
native-PAGE. The 1ntens; of recombinant and ;' and activity staining bands

(Figure 3.27 and 3.28) corrdesponded with the level of enzyme assayed from crude

extracts (Table 3. Wﬂ. E‘f?ﬂ ﬁuﬁﬁeﬁ‘ﬂqﬂ tﬁth E. coli IM109 and

E. coli JM109 containing pU ad neither the protein nor the activity band of
AL 1 (P TV VY 1V
identical "’g; Tl fr badi wild type.
3.11 Induction time determination

For induction time course study, the transformant No.15, which showed the

highest phenylalanine dehydrogenase activity among the transformant containing the first

type of plasmid, was grown and induced by IPTG at final concentration of 1 mM at
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Table 3.2 Phenylalanine dehydrogenase activity from crude extracts of transformants

Sources of crude extract Total activity Total protein Specific activity
U) (mg) (U/mg protein)

E.coli IM109 0 327 0
E.coli JM109 with pUC18 0 2.90 0
Bacillus badius BC1 6.40 3.20 2.00
Transformant No.1 25.03 3.20 7.82
Transformant No.2 O\\j i i % 2.40 0
Transformant No.3 ..,,:lﬁ2 i _4 2.40 0.80
Transformant No.4 hﬁﬁ—:“i 106.75
Transformant No.5 Aﬁ}/ t W\ \% 25.83
Transformant No.6 _l \ 2.88 86.46
Transformant No.7 . 1.24
Transformant No.8 1.08
Transformant No.9 0.03
Transformant No.10 70.04
Transformant No.11 138
Transformant No.12 0.51
Transformant No.13 0.68
Transformant No.14 0
Transformant No.15 " 134.0
Transformant No.16.. Q‘“T_:-,\- ﬁs W o0 ~ 082
Transformant No.lf;U Wi d el d 10.53
Transformant No.18 0.46 & 2.53 s 0.8

TransormaING19 | 611 | 3 008 1 V] | d 1) 11 &) 040
Transformantg'No.2O 718.22 243 32.19
Transformant No.21 0.10 2.50 0.04
Transformant No.22 360.0 2.68 134.0
Transformant No.23 1.69 2.80 0.60
Transformant No.24 8.10 333 243
Transformant No.25 2.24 3.47 0.65
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Figure 3.27 Protein pattern of ¢ -' of pi Shiylalanine dehydrogenase producing

e T
Ase &

Lane A =¢ (001
O

-5
bouring pUC18 (60 pg)
Lane C = purified phenylalanine dehy |from Bacillus badius BC1

i
YA Ay

Lane H = crude extracts of transformant No.15 (50 pg)

drogena

Lanel = crude extracts of transformant No.20 (65 pg)
Lane] = crude extracts of transformant No.22 (65 pg)

An arrow indicates bands corresponding to phenylalanine dehydrogenase.
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Figure 3.28 Phenylalanine e staining of crude extracts of

phenylalanine dehydroge T ransformants

Lane A =griide extrac 84
Lane B =c -_" - houring pUCIS (60 pg)
LaneC =pu 1ed phenylalanine dehydrogena from Bacillus badius BC1

071l 1) I (Wi
R TR

Lane H = crude extracts of transformant No.15 (50 pg)
LaneI = crude extracts of transformant No.20 {65 pg)
Lane]J = crude extracts of transformant No.22 (65 pg)

An arrow indicates bands corresponding to phenylalanine dehydrogenase.
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various times before cell was harvested as described in 2.19. The result showed in Figure
3.29 indicated that 120 minutes was optimum time to induce phenylalanine
dehydrogenase production. However, the enzyme induction did not occurred after 300

minutes.

3.12 Stability of phenylalanine dehydrogenase gene in host cell E. coli JM109

showed high phenylalanine dehydmgenase ac studied by daily subculturing for
15 days as described in 2. 204:ﬂmd oﬁ;he ﬁpltured transformants gave the
same patterns with their orrgﬂl’( ) ds nd car;TJ'é“&lgested with EcoRI and BamHI
(Figure 3.30 and 3.31). P i/ dehy: rogenase\a\cﬁﬁties in crude extracts of the

5% 10" and 15" subc - we ¢ determinied '@ shown in Figure 3.32.

Stability of phenylalanine deﬁl)‘* %efgene from recombinant clones that

= did

Q{ ﬁve transformants, No. 4, 6,

or 15 times while the enzyme

-

S HOICh anthat
i

subcultured clone was deﬁacted Tﬁé'se' resu}ts i

?l. of recombinant plasmids
24

-

except No.22 were stabe vithout hostceti-detetion-proces:

After retransfo ation of recombinant ds ijhich represented each type

of plasmid pattern into E. %pll IM109, pattern of recombinant plasmids and enzyme

activities were cow %lr‘gfwgm Wﬂqﬂ ige same patterns with

their original plasmids and also can be dlgested with EcoRI BamHI (Flgure 3.35 and
3.36). Phe etransformant
were detelﬂamjﬁnqﬁmmﬂﬁtﬂ E&::j gwE'l n Figure 3.37.
The results presented that phenylalanine dehydrogenase activity of all retransformants
were still constantly remained. In detail, retransformant No. 6, which had the first type of
plasmid still gave high enzyme activity whereas retransformant No.20 and No.19
showed moderate and low enzyme activity from the second and third type of plasmid,

respectively. Enzyme activity of retransformant No. 22 that showed the fourth type of

plasmid matched well with that of daily subculturing.
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- -
Figure 3.30 E@cted plasmid of the 15™ subcult}g%l: fransformants
Lane M/a = M HindIIl standard DNA m'a?lger
Lanel ~ = undigested pUCIS =
Lane,2,- 9 ,=~, extracted,plasiiid ,of the 15" subcultured transformants

No/4}s, 6, 10515, 19;-20 and 22 frespectively.
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Figure 3.31 EcoRI - B.cijI digested plasmid of the b szl):)cultured transformants

LaneM =
Lane 1
Lane 2
Lane 3
Lane4-11#

Il

1l

: -
N e X |
undigested pUC18 I

T

EcoRI — BamHI digested pUC18
amplified produtt of the"wholé pherylalaningé dehydrogenase gene
EcoRI — BamHI digested plasmid of the 15" subcultured
ransformants No 4 155 6, 051 57,19, 20sand-22~1espectively.
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Figure 3.33 Protein pattern of c u‘-"f' extra

detected by native-P AGE "/ “as
Lane A = purified eﬁmm:.T.:.".r.:‘..'..;..:'.".'.{3:5:;:::'.::;;:;‘.;__h illus badius BC1
. \ |
f)
Lane B = crude ext#s sformant No.4 (68 pg)

Lane C = crude ex cts of the 15™ subcultured transformant No.6 (78 pg)

Lane D ‘s'aa'f my No.10 (82 pg)
ne D= ‘ @jﬂ .

Lane E = ﬁﬂ(gs of ﬂ g'[ su cij IIEQDS orm:r?No.IS (89 ng)

B MNP LN

Lane G = crude extracts of u ‘u tured trans ant N0.22°(86 ng)

An arrow indicates bands corresponding to phenylalanine dehydrogenase.
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e 15" subcultured transformants



A B CDE F G

the 15" subcultured éansformat

g .v._. :

Lane B = crude extracts

1‘ |

Lane C = crude exi cts of the 15™ subcultured transférmant No.6 (78 pg)

R 010013014113 01
ORI DRI{R RV 1T

An arrow indicates bands corresponding to phenylalanine dehydrogenase.
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0.6

undigested pUC18 =
EcoRI - BamHI digested pUC18
~extracted plasmidyof retransformant

'No0.6,19, 20 and 22, respectively:
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Figure 3.36 EcoRI — BamHk leg"estgd i@k of retransformants

LaneM = Mé;ndm standard DNA marker —i_f J

Lane 1 — ulvflégested pUCI18 ;J

Lane 2 = EcoRI- BamHI digested pUC18 ™

Lane 3 = ramplified, produgtof the-whole phenylalanine dehydrogenase gene

Lane 4 - 7" 7 FEcoRI - BamHIdigested plasmid of retransformant
No.6, 19, 20 and 22, respectively.
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Table 3.3 Phenylalanine dehydrogenase activity from crude extracts of retransformant

clones

Sources of crude Total activity Total protein Specific activity
extract ) (mg) (U/mg protein)
Retransformant No.6 352.00 2.55 138.04
Retransformant No.19 212
Retransformant No.20 52.82
Retransformant No.22 9.44

AULINENINYINS

)

AN TUNNINGAY
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Figure 3.37 Protein pattess ~ sidetected by native-PAGE

Lane A i
Lane B ﬁ arb urmg UC18 (65 pg)
Lane ﬁmﬂnﬁlﬁ‘ﬁﬂ ’:j Bacillus badius BC1
Lane D = crude extracts of transformaniNo.6 (66 pug) o
9 ﬁﬂ Ddidlebirael bt ubdstomant olth 50 o) )
Lane F = crude extracts of transformant No.20 (63 pg)

- Lane G = crude extracts of transformant No.22 (65 pg)

An arrow indicates bands corresponding to phenylalanine dehydrogenase.
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