CHAPTER IV

RESULTS

Result diagram

dqd gene
- Cloning of dqd gene into pPGEM-T Easy vector
- Subcloning of dgd gene from pGEM-dgd into pET-21a vector

- E. coli BL21 (DE3)/pET-dgd expression

skdh (GOX0859) gene

- Cloning of skdh (GOX0859) gene into pPGEM-T Easy vector

- Subcloning of skdh (GOX0859) gene from pGEM-GOX0859 into pET-21a vector
- E. coli BL21 (DE3)/pET-GOX0859 expression

- Subcloning of skdh (GOX0859) gene from pGEM-GOX0859 into pCold I vector
- E. coli BL21 (DE3)/pCold I-GOX0859 expression
- pCold I-GOX0859 and pG-KJES8 chaperone vector co-expression

- purification
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skdh (GOX1959) gene
- Cloning of skdh (GOX1959) gene into pGEM-T Easy vector
- Subcloning of skdh (GOX1959) gene from pGEM-GOX1959 into pET-21a vector
- E. coli BL21 (DE3)/pET-GOX1959 expression
- purification
- Subcloning of gdh gene into pET-GOX1959
- E. coli BL21 (DE3)/pET-GOX1959-GOX2015 expression
- optimize expression condition
- pET-GOX1959 and pACGD co-expression
- Subcloning of skdh (GOX1959) gene from pGEM-GOX1959 into pSG8 vector
- G. oxdans IFO32244/pSG8-GOX1959 expression

- IPTG effect
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4.1 Cloning of dgd and two homologs of skdh genes from Gluconobacter oxydans
621H

Since the data of G. oxydans 621H genome is became available (Accession no.
C000009), the nucleotide sequences of dgd (GOX0437) gene encoding
dehydroquinate dehydratase located from 461603 to 462085 on the complementary
strand of genomic DNA, skdh (GOX0859) gene located from 928465 to 929313 on
the complementary strand of genomic DNA and skdh (GOX1959) gene located from
2147831 to 2148670 on the sense strand of genomic DNA were obtained. Primers
positioned upstream and downstream of dgd (GOX0437) and skdh genes (GOX0859
and GOX1959) were designed base on nucleotide sequences. The preparations of the
dqd and skdh genes using the PCR technique were done as described in section 3.6.
Figure 4.1 shows PCR products of dqd, skdh (GOX0859) and skdh (GOX1959) on
agarose gel electrophoresis. The major bands of dgd, skdh (GOX0859) and skdh
(GOX1959) PCR product were observed. The PCR products were ligated into
pGEM®-T easy vector and the recombinant plasmids were sequenced. The sequencing
result of three genes and primer position are shown in Figure 4.2-4.4. The result
showed that the insert size for dgd was 620 bps (83 bp upstream region, 483 bps
coding region and 54 bps downstream region). Two homologs of skdh genes were 971
(26 bp upstream region, 849 bps skdh (GOXO0859) coding region and 96 bps
downstream region) and 863 bps (4 bp upstream region, 840 bps skdh (GOX1959)

coding region and 19 bps downstream region), respectively.
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Figure 4.1 : PCR products of dgd and two skdh homologs from G. oxydans 621H
genome on 0.8 % agarose gel (A) dgd PCR product (620 bps) (B) skdh (GOX0859)
PCR product (971 bps) (C) skdh (GOX1959) PCR product (863 bps)

Lane 1 : Hyperladder 10 kb marker

Lane 2 : negative control (no DNA template)

Lane 3 : PCR product as indicated
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Forward primer
————— GATCGCACCAGATAGCACAAAAATGCGGCCCTGTCCCCTTTTGGACACCCTGRAG
TGATTGATCGCACCAGATAGCACAAAAATGCGGCCCTGTCCCCTTTTGGACACCCTGRAAG
TGATTGATCGCACCAGATAGCACAAAAATGCGGCCCTGTCCCCTTTTGGACACCCTGAAG

FHEFF A A FF AT AT T A RN F R R A A F R A A A AT A F IR I I AT I TR R TF AR o E kR R

ACGGCAGCAATAGGGCAATGACGCTTTCATGACGGCTCCGAAAGTGCTATCGCGCGGCCA
ACGGCAGCAATAGGGCAATGACGCTTTCATGACGGCTCCGARAGTGCTATCGECCGCGGCCA
ACGGCAGCAATAGGGCAATGACGCTTTCATGACGGCTCCGARAGTGCTATCGCGCGGCCA

T a

GATGARACGCCCTCTGATCACCGTTCTCAACGGTCCGAATCTCAACATGCTGGGTCTTCE
GATGAARACGCCCTCTGATCACCGTTCTCAACGGTCCGAATCTCAACATGCTGGGTCTCCG
GATGARACGCCCTCTGATCACCGTTCTCAACGGTCCGAATCTCAACATGCTGGGTCTCCG

tA s s i a st iR SRR R RS R R R R EE R R R R TR S

CCAGCCCGGAATCTATGGTCACGCCACGCTCGATGATGTCGAGCAGGTGTGCATTCAGGC
CCAGCCCGGAATCTATGGTCACGCCACGCTCGATGATGTCGAGCAGGTGTGCATTCAGGC
CCAGCCCGGAATCTATGGTCACGCCACGCTCGATGATGTCGAGCAGGTGTGCATTCAGGT

St S RS sEEEtRE s R il sE A EE SRRl R R

TGCCGAACGGCTTGATGTCGCCATTGATTTCCGTCAGACGAACGGAGAGGGTGAACTCGT
TGCCGAACGGCTTGATGTCGCCATTGATTTCCGTCAGACGAACGGAGAGGGTGAACTCGT
TGCCGAACGGCTTGATGTCGCCATTGATTTCCGTCAGACGAACGGAGAGCGTGARCTCGT

LSS A S S S S SS Sttt Rt E e EE E R RS RS R T

GTCCTGGGTGCAGGAATGTCGCGGCCGTGCAGACGGTATCGTGATCAATCCTGCCGCTTA
GTCCTGGGTGCAGGAATGTCGCGGCCGTGCAGACGGTATCGTGATCARTCCTGCCGCTTA
GTCCTGGGTGCAGGAATGTCGCGGCCGTGCAGACGGTATCGTGATCAATCCTGCCGCTTA

LSS R R R R SRR R R R N T N

CGGGCATACCTCGATTGCCCTGCTCGATGCGCTTCTGGCCGTCGAGCTTCCCGTGATTGA
CGGGCATACCTCGATTGCCCTGCTCGATGCGCTTCTGGCCGTCGAGCTTCCCGTSATTGA
CGGGCATACCTCGATTGCCCTGCTCGATGCGCTTCTGGCCGTCGAGCTTCCCGTGATTGA

LA i ta At SRR R RS AR EE R R E R T P R T T R T

GGTTCATATTTCCAATATCCATCGCAGGGAGCCGTTCCGTCATCACACCTACGTCTCGCA
GGTTCATATTTCCAATATCCATCGCAGGGAGCCGTTCCGTCATCACACCTACGTCTCGCA
GGTTCATATTTCCAATATCCATCGCAGGGAGCCGTTCCGTCATCACACCTACGTCTCGCA

LA R R R R R R R R R

GGCCGCCATCGGCGTGATCTGCGGCCTCGGCGTCAGGGGATACGCGCACGCGCTTCAGGT
GGCCGCCATCGGCGTGATCTGCGGCCTCGGCGTCAGGGGATACGCGCACGCGCTTCAGGE
GGCCGCCATCGGCGTGATCTGCGGCCTCGGCGTCAGGGGATACGCGCACGCGCTTCAGGT

LA AR RS R R E L Rl R B o o T g o

AATAACCGACATGATCGAAGACGAHGGAEE&GCCGTATGCTCGTGGACAAGGATGCCATT
ARTARCCGACATGATCGAAGACGAAGGATGAGCCGTATGCTCGAGGACRAGGATGCCATT
AARTAACCGACATGATCGAAGACGAAGGATGAGCCGTATGCTCGAGGACAAGGATGCCATT
LA s s s b s sAEESl s R RS RS SR e I R R R R R}
Forward primer
CGGGCATTGGCCGATATTCTGACGG----— 620
CGGGCATTGGCCGATATTCTGACGGAATCG 630
CGGGCATTGGCCGATATTCTGACGGAATCG 630
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Figure 4.2 : Alignment of 620 bp dgd PCR product sequencing results (dqd-F and

dqd-R) with dgd (GOX0437) gene from G. oxdans 621H genome sequence
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Forward primer
————— ACAGGCACAGATCCGAGGAGCCTCTCATGAGCCAGCAGRATTTCCGCAGCATCCT
CGATTACAGGCACAGATCCGAGGAGCCTCTCATGAGCCAGCAGAATTTCCGCAGCATCCT

R R e R R R R

GACCGGATCGTTCTCCACGCCATGCGATGACAACCCGACCGTCGCCATGATCGAGGCCGL
GACCGGATCGTTCTCCACGCCATGCGATGACAACCCGACCGTCGCCATGATCGAGGCCGE

LA S S S SRS E RS S SRR RS R RS RS R R R R R R R

GTACCGGCACCACGACATCGATGCGCGTTACATCAACTGTGACGTCAAGGCGGACGGTCT
GTACCGGCACCACGACATCGATGCGCGTTACATCAACTGTGACGTCAAGGCGGACGGTCT

LA A S S S s Ss RER SRR R RS R R R R R R R R SRR R R

GAAGGACGCGGTCGCGGGTGCGCGGGCCATGGAGTGGGTCGGGTTCAACTGCTCCCTGCC
GAAGGACGCGGTCGCGGGTGCGCGGGCCATGGAGTGGGTCGGGTTCAACTGCTCCCTGLC

R i b e o o

GCACAAGGTTGCGGTGATCGAGCATCTGGACGAACTGGCGGAGTCCGCCCGGATTATCGS
GCACAAGGTTGCGGTGATCGAGCATCTGGACGAACTGGCGGAGTCCGCCLGGATTATCGE

e A SRS E s EsE SRS R s s RS R RS RS E R E S R R R R SRR RS

TGCGGTGAACTGCGTCTCCATCCGGGACGGGCGCCTGATCGGCGACAATACGGACGGGAA
TGCGGTGAACTGCGTCTCCATCCGGGACGGGCGCCTGATCGGCGACAATACGGACGGGAA

e st s A S S S s RS R RS SRS R R R R R R R

GGGCTTTCTGGCGTCCCTGAACAAGGTCGGGGATCCGTCCGGAAAGAAGGTCCTGCTTCT
GGGCTTTCTGGCGTCCCTGAACAAGGTCGGGGATCCGTCCGGARAGAAGGTCCTGCTTCT

i s s SRS E SRt tSR R SRR RS E st E R R R R R

GGGCGCGGGCGGGGCTGCGCETGCCATCGCCGTGGAACTGGGGCTCGTTTCCGCCGCCCA
GGECGCGGGCGGGELCTGCGLGTGCCATCGCCGTGGAACTGGGGCTCGTTTCCGCCGCCCA

LRSS S R AR S E St AR S e e e R R R R R

TATCATGGTCATGAACCGCGATCCCAAAAAAGCCGAARACCATTGCTGCACTGGTGCGGGA
TATCATGGTCATGAACCGCGATCCCARAAAAGCCGARACCATTGCTGCACTGGTGCGGGA

s ia sttt E SRR RS R R R SRS R S Y

CAACACCTCCGCCARAAGCCGATGTTCAGGCATGGGACGGCGAGGCCAGCGTGCCGGAAGA
CAACACCTCCGCCARAGCCGATGTTCAGGCATGGGACGGCGAGGCCAGCGTGCCGGAAGA

A A S A SRR AR R R R E R E RS RS RS R e R R R R Y

CGTGGACATCCTGATCAACGCCACGTCAATCGGTCTGGGGGATGCGGACGCCATGCCGLE
CGTGGACATCCTGATCAACGCCACGTCAATCGGTCTGGEGGATGCGGACGCCATGCCGCC

LR S R R S R AR R R R e R R R Y

GCTGAAGGTCGAGACCCTGCGCAAGGGCTTGATCGTCGCCGATGTCATTCCGARCCCGCTE
GCTGAAGGTCGAGACCCTGCGCAAGGGCTTGATCGTCGCCGATGTCATTCCGAACCCGCC

tAa A AR AR A RS RR it s iR RS RS R R R R R Y

TGCTGCGGGAAGCAGAAAACAGGGGCTGCACCGTGCTGGACGGGCTCGGGATGCTGGTCA
TGCTGCGGGAAGCAGARRACAGGGGCTGCACCGTGCTGGACGGGCTCGGGATGCTGGTCA

S A A SRR R R R R R R R SRR R R R

ATCAGGGCGTGATCGGCGTGGAGCACTGGCTGGGCAGGACGTTGGACGCCGGGGTGATGG
ATCAGGGCGTGATCGGCGTGGAGCACTGGCTGGGCAGGACGTTGGACGCCGGGGTGATGG

LSS S sttt t RSt R SRR E R R T Y

AGCAGACCCTGAAGGATATTTTCGGCGCGGCCTGACATGARRARACCCGGTGTCTCCGAA
AGCAGACCCTGAAGGATATTTTCGGCCLCGGCCTGACATGAARAAACCCGGTETCTCCGARA

A S RS S R R R R R R R R R E R R R ok b O R o T

GAGAGCACCGGGTTTTTGCAGAGCTGAARGATCAGCGGCCTTCGARGAAGTCGCGGACCT
GAGAGCACCGGGTTTTTGCAGAGCTGAAAGATCAGCGGCCTCCGRAAGAAGTCGCGGACCT
e A S S S A SRR R R A RS R R E R R e TR TR TR ]
Reverse primer

971
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Figure 4.3 : Alignment of 971 bp skdh PCR product sequencing result (skdh F) with

skdh (GOX0859) gene from G. oxdans 621H genome sequence
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Forward primer
--------- GCGCATGATTGACGGTCACACGAAACTCGCAGGCGTCATGGGTTGGCCGET
AATTCGATTGCGCATGATTGACGGTCACACGAAACTCGCAGGCGTCATGGGTTGGCCGGT

LSS S SR s RS R R R R R SR R R R R R

GGAGCATTCGCGCTCTCCGCTGATGCATAATCACTGGTGCCGGGTGAATGGCGTGAACGG
GGAGCATTCGCGCTCTCCGCTGATGCATAATCACTGGTGCCGGGTGAATGGCGTGAACGG

R e T 3

GGCTTATGTGCCGCTGCCGACCCACCCCCACGGCTTTGATCAGGCCCTGCGTGGTCTGGE
GGCTTATGTGCCGCTGCCGACCCACCCCCACGGCTTTGATCAGGCCCTGCGTGGTCTGGE

LA A RS S S S E SRSl SRS AR R R Rl Rl Rl R R R R R

AGCGGCCGGGTTTCAGGGCGTGAATGTCACCATCCCACACARGGARGCGGCGATGCTGGT
AGCGGCCGGGTTTCAGGGCGTGAATGTCACCATCCCACACAARGGAAGCGGCGATGCTGGT

Fhkkdhkdkdkdkr kA d kb bbb A b b A bbb b d bbb bbb bbb h b h®

CTGTGATGAACTCACCCCAARCGGCTAAGCGGGCCGGCGCGGTARACACGATTTGCTTCGT
CTGTGATGAACTCACCCCAACGGCTAAGCGGGCCGGCGCGGTAARACACGATTTGCTTCGT

s AAERS SRR R SRS E RS R R R R R R R Y

GGCTGGACGGATCATCGGTGACTGCACGGATGGTACGGGGTTCTGCGATAATCTGAGTGC
GGCTGGACGGATCATCGGTGACTGCACGGATGGTACGGGGTTCTGCGATAATCTGAGTGC

LSS S i A R s E RS R R RE R SRR R R S R R R

CATGACGTGGCGATTGCCGGTCGGGCCATGGTTCTCGGGGCGSGTGGTGCGGCGCGLGL
ACATGACGTGGCGATTGCCGGTCGGGCCATGGTTCTCGGGGCGGGTGGTGCGGLGIGLGE

ARl SRR R s s R R R R R T T T ]

CGTGGCGGCGGCGCTTCTGGACCGGGGCTGCGAGGTCGTGATTGCCAACCGGACCCTGGA
CGTGGCGGCGGCGCTTCTGGACCGGGGLTGCGAGGTCGTGATTGCCAACCGGACCCTGGA

eSS S S R AR R R R AR L R R LS R R R o R R

ACGGGCGGAAGCACTGGTTGAGGCACTCGGTGGCGGTGAGGCTGTTGCCTGGTATGAGTG
ACGGGCGGAAGCACTGGTTGAGGCACTCGGTGGCGGTGAGGCTGTTGCCTGGTATGAGTG

A AR RS E S SR R R SR AR R R R T TR ]

GCCGTCACTGCTATCGGGTTGTTCGCTTCTGGTGAATGCCACGTCGATGGGCATGGGCGG
GCCGTCACTGCTATCGGGTTGTTCGCTTCTGGTGAATGCCACGTCGATGGGCATGGGCGE

LE A S AR RS R R R Rttt st et E R R Rl R

CAAGGCTGGTCTGGACTGGGATGCGGCTCTTCGTGAGGCCGCGCCGGGCCTGTGCGTGAL
CAAGGCTGGTCTGGACTGGGATGCGGCTCTTCGTGAGGCCGCGCCGGGCCTGTGCGTGAC

L R R R R R E Rl T s T R L R ]

GGATATTGTCTACACGCCGCGCGAGACGCCGCTTCTGCTGGCCGCCCAGGCACGGGGACT
GGATATTGTCTACACGCCGCGCGAGACGCCGCTTCTGCTGGCCGCCCAGGCACGGGGACT

LRSS RSl s R R R R R R e e E R E R

GCGGACCGTGGATGGTCTGGGGATGCTGGTTCATCAGGCGCGGGCCGGGTTTCGGGCATG
GCGGACCGTGGATGGTCTGGGGATGCTGGTTCATCAGGCGCGGGCCGGGTTTCGGSCATG

LA S S R AR S SRR SRR R SR R R R R I R R S TP P e

GTTCGGCGTTGATCCGCAGGCCGACCGGACGACATTCGATCTGCTGGCGGCGAGCCTGCG
GTTCGGCGTTGATCCGCAGGCCGACCGGACGACATTCGATCTGCTGGCGGCGAGCCTGCG
LA S A S S St R R R R R RS R R R R R R R R R I T
Reverse primer
CACTGACGCGTGARGATCATTGGTCTGACCGG-————~———=—======—=———mue 863
CACTGACGCGTGAAGATCATTGGTCTGACCGGAATCACTAGTGAATTCGCGGCCGE 896
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Figure 4.4 : Alignment of 971 bp skdh PCR product sequencing result (skdh_F) with

skdh (GOX1959) gene from G. oxdans 621H genome sequence
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4.2 Subcloning of dgd and two of skdh genes in to pET-21a vector

dqd and two of skdh genes were amplified from an open reading frame
according to the method from section 3.7. The stop codon of these three genes was
removed to express His-tag on C-terminal. To prepare the amplified gene product for
insertion into pET-21a, the 5’-end primer comprised of Ndel restriction site and 5’
base of each gene as shown in the method from section 3.6.1-3.6.3. The 3’-end primer
comprised of X#ol restriction site and 3’ base of each gene were designed. The PCR
products were analyzed on 0.8% agarose gel (Figure 4.5). The major band of dgd
(GOX0437), skdh (GOX0859) and skdh (GOX1959) PCR products were ligated into
pET-21a vector and the recombinant plasmids were sequenced. From sequencing
result in Figure 4.6-4.8, the insert size for dgd and two homologs of skdh (GOX0859

and GOX1959) genes were 489, 855 and 846 bps, respectively.
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Figure 4.5 : PCR product of dgd and two skdh homologs from pGEM-T subcloning

on 0.8% agarose gel
Lane 1 : GeneRuler'™ 1 kb DNA Ladder.
Lane 2 : dgd PCR product
Lane 3 : skdh (GOX0859) PCR product

Lane 4 : skdh (GOX1959) PCR product
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Forward primer
M-oTOR SR KR VWL 8 RG
--------------------------- CATATGACGGCTCCGAARGTGCTATCGCGCGGE 33
TTTGTTTAACTTTAAGAAGGAGATATACATATGACGGCTCCGARAGTGCTATCGCGCGGE 60

rhwkhkkhhkrrh b A bk kA kA kAR Rk

QM KR PLI TV LNSGZ PN NTILWNMILGSGHL
CAGATGAAACGCCCTCTGATCACCGTTCTCAACGGTCCGAATCTCAACATGCTGGGTCTT 93
CAGATGARACGCCCTCTGATCACCGTTCTCAACGGTCCGAATCTCAARCATGCTGGGTCTC 120

B T T Il et e s s s R R S S S e R R SRS s S st b bl

R Q P G I ¥ G HATULUDUDWUVEU QUWVCTIQ
CGCCAGCCCGGAATCTATGGTCACGCCACGCTCGATGATGTCGAGCAGGTGTGCATTCAG 153
CGCCAGCCCGGAATCTATGGTCACGCCACGCTCGATGATGTCGAGCAGGTGTGCATTCAG 180

!‘I‘*t***tt*t\ltt*ttvv'r't11'l'i!‘!'"!'iiii**i111*1‘1’*!!'**#**1‘**1‘1"!*

A A ERL DUV ATI DT FRQTWNGETGE L
GCTGCCGAACGGCTTGATGTCGCCATTGATTTCCGTCAGACGAACGGAGAGGGTGAACTC 213
GCTGCCGAACGGCTTGATGTCGCCATTGATTTCCGTCAGACGARCGGAGAGGGTGRACTC 240

S T I E e AR T2 s s s e R R R S SR AR R AR SR R E b Al bbbt bt

¥ S W V Q ECRG RADSGTIUVINUZPARB
GTGTCCTGGGTGCAGGARTGTCGCGGCCGTGCAGACGGTATCGTGATCARTCCTGCCGLT 273
GTGTCCTGGGTGCAGGAATGTCGCGGCCGTGCAGACGGTATCGTGATCAATCCTGCCGCT 300

B Tt as st s s PR RSS2 2 s Rt S A A LR ARttt b i

Y 6 H'T 8§ I<&HL L7224 L L A V E L P ¥ I
TACGGGCATACCTCGATTGCCCTGCTCGATGCGCTTCTGGCCGTCGAGCTTCCCGTGATT 333
TACGGGCATACCTCGATTGCCCTGCTCGATGCGCTTCTGGCCGTCGAGCTTCCCGTGATT 360

T T I ISR e R R R R R A s s e e e L s e e e e b b b

E V H I WA//HER ROB EBSFF R H H T Y V 8
GAGGTTCATATTTCCAATATCCATCGCAGGGAGCCGTTCCGTCATCACACCTACGTCTCG 393
GAGGTTCATATTTCCAATATCCATCGCAGGGAGCCGTTCCGTCATCACACCTACGTCTCG 420

T P e PR e e P e e R RS A e et e R R R

0 A A IG/N/LSEERG VSR G Y A H A L O
CAGGCCGCCATCGGCGTGATCTGCGGCCTCGGCGTCAGGGGATACGCGCACGCGCTTCAG 453
CAGGCCGCCATCGGCGTGATCTGCGGCCTCGGCGTCAGGGGATACGCGCACGCGCTTCAG 480
i-i-tl-)-l-l--i’*‘v‘tiiitf"**ﬂ*"l‘*’14‘*****#-#11111{1**”1*’t*****iii*

Reverse primer

A I T D M X EvD E G-L E
GCAATAACCGACATGATCGAAGACGAAGGACTCGAG - m-——=====—==========-== 489
GCAATAACCGACATGATCGAAGACGAAGGACTCGAGCACCACCACCACCACCACTGAGA 539

LR E R 2 a2 R R R RS R RS SRS R R R

Figure 4.6 : Alignment of dgd PCR product for pET sequencing result (dqdpET_F)

with dgd gene from G. oxdans 621H genome sequence. The deduced amino acid

sequence is also shown.



Forward primer
M 5 0 Q N F R 5 I L

70

sk (GOX0DB58) 2 immemmsss—s-————— e CATATGAGCCAGCAGAATTTCCGCAGCATCC 31
GOXO0859pET_ ¥ ATTTTGTTTAACTTTAAGAAGGAGATATACATATGAGCCAGCAGARATTTCCGCAGCATCC 60
B e e R
T G S F S TP C DD NPT V¥V A MI E A &
skdh (GOX0859) TGACCGGATCGTTCTCCACGCCATGCGATGACAARCCCGACCGTCGCCATGATCGAGGCCG 91
GOX0859pET_F TGACCGGATCGTTCTCCACGCCATGCGATGACAACCCGACCGTCGCCATGATCGAGGCCG 120
- R AR R AR AT R AR AR I IR T I T A TN A A A bbb r A Fr kb kb d ek E
Y R HHDIDA AWRYINTGCUDUV VI KU ATDGIL
skdh (GOX0859) CGTACCGGCACCACGACATCGATGCGCGTTACATCAACTGTGACGTCAAGGCGGACGGTC 151
GOX0859pET_F CGTACCGGCACCACGACATCGATGCGCGTTACATCARCTGTGACGTCAAGGCGGACGGTC 180
- T T SRR R R R R s e S R R R R Rt b
K DAV AGAIRMAMEW®WUVYVYG FNTCS L P
skdh (GOX0859) TGAAGGACGCGGTCGCGGGTGCGCGGGCCATGGAGTGGGTCGGGTTCAACTGCTCCCTGE 211
GOX0859pET_F TGAAGGACGCGGTCGCGGGTGCGCGGGCCATGGAGTGGGTCGGGTTCAACTGCTCCCTGE 240
S R E R e s e s s e e R e e S S S SR R R R R st b i bl
H K V AV I EHULDEULA AESA ARTIIG
skdh (GOX0859) CGCACAAGGTTGCGGTGATCGAGCATCTGGACGAACTGGCGGAGTCCGCCCGGATTATCG 271
GOX0859pET_F CGCACAAGGTTGCGGTGATCGAGCATCTGGACGAARCTGGCGGAGTCCGCCCGGATTATCG 300
T e L e 2ttt e s RS S R R R R 2 E 2 S e SR R R R S R R R R AR AR R SRt Rt bt s
A VvV N C VS I RB-6 R L I GDWNTUDG K
skdh (GOX0859) GTGCGGTGAACTGCGTCTCCATCCGGGACGGGCGCCTGATCGGCGACARTACGGACGGGA 331
GOX0859pET_F GTGCGGTGARCTGCGTCTCCATCCGGGACGGGCGCCTGATCGGCGACAATACGGACGGGA 360
- T T e R e s R R SR R R S R S R RS e R R SRR
G F L A /L NJK V. G<D.P 8 G K K V L L L
skdh (GOX0859) AGGGCTTTCTGGCGTCCCTGARCARGGTCGGGGATCCGTCCGGAAAGAAGGTCCTGCTTC 391
GOX0859pET_F AGGGCTTTCTGGCGTCCCTGARCAAGGTCGGGGATCCGTCCGGARARAGRAGGTCCTGCTTC 420
. T T e E T e e e e R e R R R R e e SRS R s R R R R R R AR SRR
G A G G/AA R AI A VETLTGTLV S A AH
skdh (GOX0859) TGGGCGCGGGCGGEGCTGCECGTGECATCGCCGTGGAACTGGGGCTCGTTTCCGCCGCCC 451
GOX0859pET_F TGGGCGCGGGCGGGGCTGEGCGTGCCATCGCCGTGGARCTGGGGCTCGTTTCCGCCGCCC 480
. R R e RS T R LR R RS R SRR S St s i R R R R RS
I M v M N R'D P K. K A E T I A ALV R D
skdh (GOX0859) ATATCATGGTCATGAACCGCGATCCCARRARAGCCGAARCCATTGCTGCACTGGTGCGGG 511
GOX0859pET_F ATATCATGGTCATGAACCGCGATCCCARARRAGCCGAAACCATTGCTGCACTGGTGCGGG 540
2222t 22T e S R AR R RS S S S RRR s n A R RS R SRRt Rt b
HN'T S A K ADVY QAWDGEHAR S V P E D
skdh (GOX0859) ACAACACCTCCGCCAAAGCCGATGTTCAGGCATGGGACGGCGAGGCCAGCGTGCCGGARG 571
GOX0859pET F ACAACACCTCCGCCAAAGCCGATGTTCAGGCATGGGACGGCGAGGCCAGCGTGCCGGAAG 600

R R R R e e e e R e e SRR s EEEEnl t E

Figure 4.7 : Alignment of skdh (GOX0859) PCR product for pET sequencing result
(GOXO0859pET F) with skdh (GOX0859) gene from G. oxdans 621H genome

sequence. The deduced amino acid sequence is also shown upper.
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v DI LI NATSIGULGDAUDUSBMUPP

ACGTGGACATCCTGATCAACGCCACGTCAATCGGTCTGGGGGATGCGGACGCCATGLCGT
ACGTGGACATCCTGATCAACGCCACGTCAATCGGTCTGGGGGATGCGGACGCCATGCCEL

a2 A s s ssas s stR it Rt d i s R R R AR R RS RE 2T

L KV ETULURIKUGIULTIWVADUVYVTIUPNUPEPTP
CGCTGAAGGTCGAGACCCTGCGCAAGGGCTTGATCGTCGCCGATGTCATTCCGARCCCGE
CGCTGAAGGTCGAGACCCTGCGCAAGGGCTTGATCGTCGCCGATGTCATTCCGAACCCGL

AR E RS R R S R

A A G S R K Q G L HRBAGU R BAWRDA BTG Q
CTGCTGCGGGAAGCAGAARACAGGGGCTGCACCGTGCTGGACGGGCTCGGGATGCTGGTC
CTGCTGCGGGAAGCAGAAAACAGGGGCTGCACCGTGCTGGACGGGCTCGGGATGCTGGTC

RS R R S R R SRS R R S R A R S e R R S R R R R R

§ G R DRRGALA AG G ODV G RRGID G
AATCAGGGCGTGATCGGCGTGGAGCACTGGCTGGGCAGGACGTTGGACGCCGGGGTGATG
AATCAGGGCGTGATCGGCGTGGAGCACTGGCTGGGCAGGACGTTGGACGCCGGGGTGATG
LS S R S e e e e e R R R R R R R

Reverse primer

A D PEG Y FRRGIULTTULE
GAGCAGACCCTGAAGGATATTTTCGGCGCGGCCTGACACTCGAG-~~~—~—~~======~
GAGCAGACCCTGARGGATATTTTCGGCGCGGCCTGACACTCGAGCACCACCACCACTACG
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Figure 4.7 : (continue)
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M I D G H T KL A G V M G W P
Bkcdlh AGORINGR) | memmmmsooeee CAQEEEATTG&CGGTCRE&CGAAACTCGCAGGCGTCATGGGTTGGC 46
GOX1959pET_F AAGAAGGNTATACCCATATGATTGACGGTCACACGARACTCGCAGGCGTCATGGGTTGGC 60
TR R TS E RS RS s E 2 R AR Rttt b R Atk
v E H S R S P L M H N H W CUR V NG V N
skdh (GOX1959) CGGTGGAGCATTCGCGCTCTCCGCTGATGCATAATCACTGGTGCCGGGTGAATGGCGTGA 108
GOX1959pET_F CGGTGGAGCATTCGCGCTCTCCGCTGATGCATAATCACTGGTGCCGGGTGAATGGCGTGA 120
e e e e e e R R e RS E s aEE EAAEE EEEt d
G A Y V P L P T H P HGF D QAILRGL
skxdh (GOX1959) ACGGGGCTTATGTGCCGCTGCCGACCCACCCCCACGGCTTTGATCAGGCCCTGLGTGGTC 166
GOX1959pET_F ACGGGGCTTATGTGCCGCTGCCGACCCACCCCCACGGCTTTGATCAGGCCCTGCGTSGGTC 180

R R R R e s e e e e S R S S R 22 S R 28 SR at a ittt bbbttt b it

A A A G F ¢ G V N VvV T I P HEKE EADAM L
skdh (GOX1959) TGGCAGCGGCCGGGTTTCAGGGCGTGAATGTCACCATCCCACACARGGRAGCGGCGATGE 226
GOX1959pET_F TGGCAGCGGCCGGGTTTCAGGGCGTGAATGTCACCATCCCACACARGGRAGCGGCGATGE 240
i*ii**!tt*t**’*t**t**tiiitttttt***tt**tiiii—*l*f**t***!*i#*ii
A C D EUL T PT AU KU RAG AUVNTTITCTFEF
skdh (GOX1859) TGGCCTGTGATGAACTCACCCCAACGGCTAAGCGGGCCGGCGCGGTAARCACGATTTGCT 286
GOX1959pET_F TGGCCTGTGATGAACTCACCCCAACGGCTAAGCGGGCCGGCGCGGTARACACGATTTGCT 300
e T P P P R e e AT RS R RS RS EE RS S SRS S RS S R R R LRSS
vV A G RI.I G D/€-T DG TG F CDM NTUL S5
skdh (GOX1959) TCGTGGCTGGACGGATCATCGGTGACTGCACGGATGGTACGGGGTTCTGCGATAATCTGA 346
GOX1959pET F TCGTGGCTGGACGGATCATCGGTGACTGCACGGATGGTACGGGGTTCTGCGATARTCTGA 360
R R LR R R R R R e e e R e e s R R R S SRR SR S R RS R S R R R S R
A H DV A /I A G R A M V L G A GG A AR
skdh (GOX1959) GTGCACATGACGIGGCGATTGCCGGTCGGGCCATGGTTCTCGGGGCGGGTGGTGCGGCGE 406
GOX1959pET_F GTGCACATGACGTGGCGATTGCCGGTCGGGCCATGGTTCTCGGGGCGGGTGGTGCGGCGE 420
e E R R R R R R s R e S S e R R R R R R RS R RS
A VvV AA/A L L DR G C E V V I A N B T L
skdh (GOX1959) GCGCCGTGGCGGCGGCGCTTCTGGACCGGGGCTGCGAGGTCGTGATTGCCAACCGGACCT 466
GOX1959pET_F GCGCCGTGGCGGCGGCGCTTCTGGACCGGGGCTGCGAGGTCGTGATTGCCAACCGGACCC 480
e I e L e R s T s s a s s s e s R S S S S S R RS EES
E R A E A L ¥V E AL G G G E AV B W Y E
skdh (GOX1959) TGGAACGGGCGGAAGCACTGGTTGAGGCACTCGGTGGCGGTGAGGCTGTTGCCTGGTATG 526
GOX1959pET_F TGGAACGGGCGGAAGCACTGGTTGAGGCACTCGGTGGCGGTGAGGCTGTTGCCTGGTATG 540
ii*iiiiii“‘ttt!I‘t***t'!t!tiii‘l‘i‘f’"“"*””"Itt*iit—ii—i—i*iiiii-!
W P 'L L 58 G C S5 L T'V N AT S MG MG
skdh (GOX1959) AGTGGCCGTCACTGCTATCGGGTTGTTCGCTTCTGGTGAATGCCACGTCGATGGGCATGG 586
GOX1959pET_F AGTGGCCGTCACTGCTATCGGGTTGTTCGCTTCTGGTGAATGCCACGTCGATGGGCATGG 600
e R R e R s s S R S R R S RS RS R R R RS
G K A G L DWDOAOATULU REW AW AUZPTGIULTCUV
skdh (GCX1959) GCGGCAAGGCTGGTCTGGACTGGGATGCGGCTCTTCGTGAGGCCGCGCCGGGCCTGTGCG 646
GOX1959pET F GCGGCAAGGCTGGTCTGGACTGGGATGCGGCTCTTCGTGAGGCCGCGCCGGGCCTGTGCE 660

R R R R e e e R S RS R e e R s e R R LRt

Figure 4.8 : Alignment of skdh (GOX1959) PCR product for pET sequencing result
(GOX1959pET _F) with skdh (GOX1959) gene from G. oxdans 621H genome

sequence. The deduced amino acid sequence is also shown.
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L RTVDGLGMULVHQA AR BGTFTRA-A
GACTGCGGACCGTGGATGGTCTGGGGATGCTGGTTCATCAGGCGCGGGCCGGGTTTCGGEE
GACTGCGGACCGTGGATGGTCTGGGGATGCTGGTTCATCAGGCGLGGGCCGGGTTTCGGE
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W F GV D P QA DRTTVFDIL L K& A 8§ L
CATGGTTCGGCGTTGATCCGCAGGCCGACCGGACGACATTCGATCTGCTGGCGGCGAGCE
CATGGTTCGGCGTTGATCCGCAGGCCGACCGGACGACATTCGATCNGCNGGCGGCGAGCT
tA SRS R R RS S SRR R R e T N R T
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4.3 Expression of dgqd gene in E. coli BL21 (DE3)

PET-21a vector harboring dgd gene was transformed into E. coli BL21 (DE3).
The E. coli BL21 (DE3)/pET-dgd was cultured on a shaking incubator at 37°C. When
ODggo reached 0.2, IPTG was added to final concentration 1 mM and cultivation was
continued for 5 hours. Intracellular crude enzyme was prepared as described in
section 3.8.3 and used to determine DQD activity (section 3.8.5). The DQD activity is
shown in Table 4.1.

Intracellular crude enzyme and precipitates from wild type and transformant
was analyzed by SDS-polyacrylamide gel -electrophoresis (SDS-PAGE). Ten
microliters of precipitates and 30 pg protein of crude enzyme were subjected to
electrophoresis on 12.5% SDS-PAGE. Since the expected size of DQD is
approximately 18.5 kDa, the result in Figure 4.9 showed that most of the expressed

DQD was included in inclusion body (indicated by an arrow).



Table 4.1 DQD activity expressed in E. coli BL21 (DE3) harboring pET-dgd at 37°C

Samples DQD activity (U/mg)
E. coli BL21(DE3) 0.92+0.061
E. coli BL21(DE3)/pET-21a 0.91+0.12
E. coli BL21(DE3)/pET-dgd 2.61+£0.26
(A) (B)
kba M 1 2
94
68-

&

H-

21-1_ - "1 Bj kD.

144-

Figure 4.9 : SDS-PAGE analysis of DQD expression in E. coli BL21 (DE3)/pET-dgqd

-—~18.5kDa

at 37°C (A) cell free extract (B) cell debris

Lane M : Protein molecular weight marker

Phosphorylase

BSA

Ovalbumin
Carbonic anhydrase
Trypsin inhibitor

Lysozyme

94 kDa
68 kDa
43 kDa
31 kDa
21.1 kD

144 kDa

Lane 1: E. coli BL21 (DE3)/pET-21a (30 pg protein)

Lane 2: E. coli BL21 (DE3)/pET-dgd (30 pg protein)
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It has been reported that high growth temperature promotes the inclusion body
formation (Strandberg and Enfors, 1991). Therefore, the transformant was expressed
at 30°C instead of 37°C to decrease the inclusion bodies. The DQD activity of
intracellular crude enzyme of the transformant was 10.80 U/mg as shown in Table 4.2.
The DQD activity of cells expressed at 30°C was 4 fold higher than that at 37°C.

Intracellular crude enzyme and precipitates were analyzed by SDS-PAGE. Ten
microliters of precipitates and 30 pg protein of crude enzyme were subjected to
electrophoresis on 12.5% SDS-PAGE. From SDS-PAGE analysis result in Figure

4.10, the protein was more soluble. The inclusion body was reduced.
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Table 4.2 DQD activity expressed in E. coli BL21 (DE3) harboring pET-dgd at 30°C

Samples DQD activity (U/mg)
E. coli BL21 (DE3)/pET-21a 0.85+0.10
E. coli BL21 (DE3)/pET-dqd 10.80+0.56
(A) (B)

-—~18.5 kDa

Figure 4.10 : SDS-PAGE analysis of DQD expression in E. coli BL21 (DE3)/pET-

dgd at 30°C (A) cell free extract (B) precipitates

Lane M : Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144 kDa

Lane 1 : E. coli BL21 (DE3)/pET21a (30 ng protein)

Lane 2 : E. coli BL21 (DE3)/pET-dgd (30 pg protein)
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4.4 Expression of skdh (GOX0859) gene in E. coli BL21 (DE3)

skdh (GOX0859) gene was cloned from open reading frame into E. coli BL21
(DE3). E. coli BL21 (DE3)/pET-GOX0859 transformant was cultured on a shaking
incubator at 37°C until ODgg, reach 0.2 and, then induced by ImM IPTG for 5 hours.
After cells were broken, the crude enzyme was used to determine SKDH activity
(section 3.9.4). SKDH activity was examined using either 2 mM shikimic acid or
quinic acid as a substrate and using either 0.2 mM NAD" or NADP" as a cofactor.
The transformant has SKDH activity specificially with shikimic acid and NADP" as a
cofactor. The SKDH activity is shown in Table 4.3.

Intracellular crude enzyme and precipitates were analyzed by SDS-PAGE. Ten
microliters of precipitates and 30 ug protein of crude enzyme were subjected to
electrophoresis on 12.5% SDS-PAGE. Deduced amino acid from SKDH (GOX0859)
is approximate 30.7 kDa, 36.3 kDa is shown in Figure 4.11. It was shown that almost
expressed protein (indicated by an arrow) was in precipitates. It was concluded that

GOXO0859 is formed as an inclusion body.
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Table 4.3 SKDH (GOX0859) activity of E. coli BL21 (DE3)/pET-GOX0859 assayed

with shikimic acid, quinic acid and cofactor NAD" and NADP" at 37°C

Samples SKDH activity (U/mg)

Shikimic Shikimic Quinic Quinic

acid/ acid/ NADP" | acid/ NAD" acid/
NAD" NADP"

E. coli BL21 (DE3) Not 0.044+0.002 Not Not
detected detected detected

E. coli BL21 (DE3)/pET-21a Not 0.043+0.0031 Not Not
detected detected detected

E. coli BL21 (DE3)/pET- Not 0.047+0.0017 Not Not
GOX0859 detected detected detected
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-— ~36.3 kDa

Figure 4.11 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX0859 expressed

at 37°C.

Lane M : Protein molecular weight marker

Phosphorylase 94
BSA 68
Ovalbumin 43
Carbonic anhydrase 31
Trypsin inhibitor 211
Lysozyme 144

kDa
kDa
kDa
kDa
kDa
kDa

Lane 1 : E. coli BL21 (DE3)/pET-21a cell free extract (30 pg protein)

Lane 2 : E. coli BL21 (DE3)/pET-GOX0859 cell free extract (30 pg protein)

Lane 3 : E. coli BL21 (DE3)/pET-21a precipitates

Lane 4 : E. coli BL21 (DE3)/pET-GOX0859 precipitates
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From previous report, it has been suggested that high growth temperature
promotes the aggregation of recombinant protein as inclusion body (Strandberg and
Enfors, 1991). Therefore, the transformant was cultured at lower temperature 30°C
and 20°C, respectively. After cells were grown to ODgoy = 0.2. IPTG was added to
final concentration 0.5 mM and the cultivation was continued until ODgqo reach 1.0.
Intracellular crude enzyme was prepared (section 3.9.3) and analyzed by SDS-PAGE.
Intracellular crude enzyme was used to determine SKDH activity. From the result, the
SKDH activity of transformant when cultured at 30°C and 20°C was not different
from the E. coli BL21 (DE3) suggesting that skdh homolog might not be the gene
coding for SKDH as shown in Table 4.4.

Ten microliters of precipitates and 30 pg protein of crude enzyme were
subjected to electrophoresis on 12.5% SDS-PAGE. From SDS-PAGE analysis in
Figure 4.12 and 4.13, almost all of expressed SKDH (GOX0859) was form as an
inclusion body as indicated by an arrow. In order to solve this problem, an efficient
protein expression vector based on the low-temperature expression promoter gene of

E. coli, pCold I vector (Appendix C) (Takara), was used.
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Table 4.4 SKDH (GOX0859) activity of E. coli BL21 (DE3)/pET-GOX0859 at 30°C

and 20°C
Samples SKDH activity (U/mg)
30°C 20°C
E. coli BL21 (DE3)/pET-21a 0.050+0.0030 0.038+0.0015
E. coli BL21 (DE3)/pET-GOX0859 0.075£0.0052 0.037+0.0015
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Figure 4.12: SDS-PAGE analysis of £. coli BL21 (DE3)/pET-GOX0859 expressed

at 30°C.

Lane M: Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144 kDa

Lane 1: E. coli BL21 (DE3)/pET-21a cell free extract (30 pg protein)
Lane 2: E. coli BL21 (DE3)/pET-GOX0859 cell free extract (30 pg protein)
Lane 3: E. coli BL21 (DE3)/pET-21a precipitates

Lane 4: E. coli BL21 (DE3)/pET-GOX0859 precipitates
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-—~36.3 kDa

Figure 4.13 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX0859 expressed

at 20°C.

Lane M : Protein molecular weight marker

Phosphorylase 94
BSA 68
Ovalbumin 43
Carbonic anhydrase 31
Trypsin inhibitor 211
Lysozyme 144

kDa
kDa
kDa
kDa
kDa
kDa

Lane 1 : E. coli BL21 (DE3)/pET-21a cell free extract (30 pg protein)

Lane 2 : E. coli BL21 (DE3)/pET-GOX0859 cell free extract (30 pg protein)

Lane 3 : E. coli BL21 (DE3) precipitates

Lane 4 : E. coli BL21 (DE3)/pET-GOX0859 precipitates
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4.5 Expression of skdh (GOX0859) gene in E. coli BL21 (DE3) by pCold I vector

Expression of gene using pCold I vector might be able to reduce inclusion
body formation. Therefore, expression of skdh (GOX0859) in E. coli BL21 (DE3)
using pCold I vector was carried out. The E. coli BL21 (DE3)/ pCold I-GOX0859 was
cultured at 37°C until ODggo reached 0.4. The inoculum was refrigerated at 15°C for
30 minutes. IPTG was added to final concentration of 0.1 mM and cultivation was
continued at 15°C for 24 hours. Intracellular crude enzyme was prepared and used to
assay SKDH activity. The transformant has SKDH activity with shikimic acid and
NADP'. However, the activity was not different from that of the E. coli wild type and
(Table 4.5).

Intracellular crude enzyme and precipitates were analyzed by SDS-PAGE. Ten
microliters of precipitates and 30 pg protein of crude enzyme were subjected to
electrophoresis on 12.5% SDS-PAGE. According to skdh (GOX0859) was not
inserted at start condon of the pCold I vector and stop codon of this gene was
removed, protein translation was initiated at start codon of the vector and terminated
by using stop codon of the vector (48 bp upstream and 45 bp downstream of the gene).
Therefore, the SKDH expressed from E. coli BL21 (DE3)/ pCold I-GOX0859 was
bigger than that of E. coli BL21 (DE3)/ pET-GOX0859. Deduced amino acid from
SKDH (GOX0859) expressed from E. coli BL21 (DE3)/ pCold I-GOX0859 is
approximate 33.1 kDa, 42.4 kDa is shown in Figure 4.14. It was shown that almost all

of the expressed SKDH (GOX0859) was still formed as inclusion body.
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Table 4.5 SKDH (GOX0859) activity of E. coli BL21 (DE3)/ pCold I-GOX0859

assayed with shikimic acid, quinic acid and cofactor NAD" and NADP"

Samples SKDH activity (U/mg)
Shikimic Shikimic Quinic acid/ | Quinic acid/
acid/ NAD" | acid/ NADP" NAD" NADP’
E. coli BL21 Not detected | 0.054+0.0025 | Not detected | Not detected
(DE3)/pCold 1
E. coli BL21 (DE3)/ | Notdetected | 0.062+0.004 | Not detected | Not detected
pCold I-GOX0859
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(A) (B)

kbDa M 1 2 kDa

~—~42 4 kDa 43-

3- 4

211- 8
144-

Figure 4.14 : SDS-PAGE analysis of SKDH (GOX0859) expression in E. coli BL21

(DE3)/pCold I-GOX0859 (A) cell free extract (B) precipitates

Lane M : Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144 kDa

Lane 1 : E. coli BL21 (DE3)/pCold I (30 pg protein)

Lane 2 : E. coli BL21 (DE3)/pCold I-GOX0859 (30 pg protein)
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Folding for many proteins is facilitated by the action of specialized proteins.
Molecular chaperones are proteins that facilitating correct folding pathways or
providing microenvironments in which folding can occur. It has been reported that
chaperone co-expression may be minimize the non-productive side reactions during
refolding (Schrodel er al., 2005). Therefore, pCold I-GOX0859 was co-expressed

with chaperone vector to solve inclusion body problem.

4.6 Co-expression of pCold I-GOX0859 with chaperone vector

pCold 1-GOX0859 was transformed into E. coli BL21 (DE3) harboring
chaperone vector, pG-KJE8. The transformant was cultured as described in section
3.11 and intracellular was prepared as described in section 3.11.4. According to the
result shown in Table 4.6, the SKDH activities between the transformant and the wild
type were not different. The cell free extracts and precipitates are analyzed by SDS-
PAGE. Ten microliters of precipitates and 30 pg protein of crude enzyme were
subjected to electrophoresis on 12.5% SDS-PAGE. From the result in Figure 4.15, co-
expression of pCold I-GOX0859 with chaperone vector made expressed protein more

soluble.
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Table 4.6 SKDH (GOXO0859) activity of E. coli BL21 (DE3)/pCold I-GOX0859 co-

expressed with chaperone vector

Samples SKDH activity (U/mg)
E. coli BL21 (DE3)/pCold I 0.058+0.0015
E. coli BL21 (DE3)/pCold I-GOX0859/pG-KJE8 0.058+0.0006
(A) (B)
kDa M 1 2 kDa M 1 2
94-

68-

43- ~~424 kDa e

-

21.1-
211-

144- e,

Figure 4.15 : SDS-PAGE analysis of E. coli BL21 (DE3)/pCold I-GOX0859

co-expressed with pG-KJES8 vector (A) cell free extract (B) precipitates

Lane M: Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144 kDa

Lane 1 : E. coli BL21 (DE3)/pCold I (30 pg protein)

Lane 2 : E. coli BL21 (DE3)/pCold I-GOX0859/pG-KJES8 (30 pg protein
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4.7 Purification of skdh (GOX0859) by Ni-NTA agarose column
chromatography

The expressed SKDH (GOX0859) has six-histidine residues at C-terminal.
The intracellular crude enzyme was prepared as described in section 3.11.4 and
subjected to Ni-NTA Agarose column chromatography as described in section 3.13.
The elution profile of SKDH (GOX0859) was shown in Figure 4.16. Unbound
proteins were eluted from the column by 1 column volume native wash buffer. The
bound protein was eluted with 50 mM sodium phosphate buffer pH 8.0 with 250 mM
imidazole buffer containing 0.5 M NaCl. Each fraction was measured the absorbance
at 280 nm and SKDH activity was assayed. However, no SKDH activity was
observed in any fraction. Therefore, protein peak fraction number 4 and 5 were

pooled and dialyzed in 20 mM Tris-HCl buffer pH 8.0.
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Figure 4.16 : The elution profile of SKDH (GOX0859) on Ni-NTA agarose column
chromatography eluted by 50 mM sodium phosphate buffer pH 8.0 with 250 mM

imidazole buffer containing 0.5 M NaCl. (1 ml fraction)
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After assay SKDH activity of pooled fraction, no SKDH activity was
Observed (Table 4.7). The purified protein was analyzed by SDS-PAGE. Thirty
micrograms protein of crude enzyme and purified enzyme were subjected to
electrophoresis on 12.5% SDS-PAGE. From Figure 4.17, Ni-NTA Agarose Column
Chromatography could not remove all of protein impurity. SKDH (GOX0859)
molecular weight was calculated from the standard curve in Figure 4.18 to be 42.4

kDa.

Table 4.7 SKDH (GOX0859) activity of E. coli BL21 (DE3)/pCold I-GOX0859/pG-
KJES after purification

Samples SKDH activity (U/mg)
Crude SKDH (GOX0859) 0.036+0.001
Pooled fraction (no. 4 and 5) Not detected
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Figure 4.17 : SDS-PAGE analysis of SKDH (GOX0859) from E. coli BL21
(DE3)/pCold I-GOX0859 co-expressed with pG-KJES8 vector after purification

Lane M : Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144  kDa

Lane 1 : Crude SKDH (GOX0859) (30 pg protein)

Lane 2 : Purified SKDH (GOX0859) (30 pg protein)

Lane 3 : Cell free extract solution after binding with Ni-NTA agarose (30 ug protein)
Lane 4 : Precipitates

Lane 5 : washed solution number 1

Lane 6 : washed solution number 2

Lane 7 : washed solution number 3
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Figure 4.18 : Molecular weight calibration curve of standard proteins by 12.5% SDS-
PAGE for molecular weight determination of SKDH (GOX0859) from E. coli B1.21

(DE3)/pCold I-GOX0859 co-expressed with pG-KJES vector

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa

Lysozyme 144 kDa
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4.8 Expression of skdh (GOX1959) gene in E. coli BL21 (DE3)

From G. oxydans 621H genome database, two skdh genes (GOXO0859 and
GOX1959) were reported to encoded shikimate dehydrogenase. After E. coli BL21
(DE3)/ pCold I-GOX0859 expression, the skdh (GOX0859) was not shown SKDH
activity. Therefore, E. coli BL21 (DE3)/ pET-GOX1959 expression was done. The E.
coli BL21 (DE3)/ pET-GOX1959 was cultured at 37°C until ODgg reach 1.2.
Intracellular crude enzyme was prepared as described in section 3.12.3. After SKDH
activity assay, the transformant showed activity with shikimic acid and NADP" at
92.49 U/mg (Table 4.8).

Crude enzyme and precipitates were analyzed by SDS-PAGE. Ten microliters
of precipitates and 30 pg protein of crude enzyme were subjected to electrophoresis
on 12.5% SDS-PAGE. Since the expected size of SKDH (GOX1959) is
approximately 30.2 kDa, the result in Figure 4.19 showed that some of the expressed

SKDH (GOX1959) was formed as inclusion body.
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Table 4.8 SKDH (GOX1959) activity of E. coli BL21 (DE3)/ pET-GOX1959 assayed

with shikimic acid, quinic acid and cofactor NAD" and NADP*

pET-GOX 1959

Samples SKDH activity (U/mg)
Shikimic acid/ | Shikimic acid/ | Quinic acid/ | Quinic acid/
NAD" NADP* NAD' NADP*
E. coli BL21 (DE3) Not detected 0.043+0.004 Not detected | Not detected
E. coli BL21 Not detected 0.047£0.0017 | Not detected | Not detected
(DE3)/pET-21a
E. coli BL21 (DE3)/ Not detected 92.49+0.28 Not detected | Not detected
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-—~30.2 kDa

Figure 4.19 : SDS-PAGE analysis of SKDH (GOX1959) expression in E. coli BL21

(DE3)/pET-GOX1959

Lane M : Protein molecular weight marker

Phosphorylase 94
BSA 68
Ovalbumin 43
Carbonic anhydrase 31
Trypsin inhibitor 21.1
Lysozyme 14.4

kDa

kDa

kDa

kDa

kDa

kDa

Lane 1 : E. coli BL21 (DE3)/pET-21a cell free extract (30 pg protein)

Lane 2 : E. coli BL21 (DE3)/pET-GOX1959 cell free extract (30 pg protein)

Lane 3 : E. coli BL21 (DE3)/pET-21a precipitates

Lane 4 : E. coli BL21 (DE3)/pET-GOX1959 precipitates
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4.9 Purification of SKDH (GOX1959) by Ni-NTA agarose column
chromatography

The expressed SKDH (GOX1959) has six-histidine residues at C-terminal.
The intracellular crude enzyme was prepared as described in section 3.12.3 and
subjected to Ni-NTA Agarose Column Chromatography as described in section 3.13.
Unbound proteins were eluted from the column by 50 mM sodium phosphate buffer
pH 8.0 with 250 mM imidazole buffer containing 0.5 M NaCl. The bound protein was
eluted with native elution buffer. Each fraction was measured absorbance at 280 nm
and assayed for SKDH activity. The elution profile of SKDH (GOX1959) was shown
in Figure 4.20. Fraction number 7, 8 and 9 were pooled and dialyzed in 20 mM Tris-
HCI buffer pH 8.0. The specific activity and purification fold of the enzyme was
454.03 U/mg and 7.33 folds (Table 4.9). Crude enzyme, purified enzyme and washed
fraction were analyzed by SDS-PAGE. Thirty microgram protein of crude enzyme
and purified enzyme were subjected to electrophoresis on 12.5 % SDS-PAGE. From
the result in Figure 4.21, protein impurities were almost removed.

The molecular weight calibration curve was ploted between relative mobility
(Ry) and log molecular weight. From Figure 4.22, SKDH (GOX1959) has a molecular

weight at 30.9 kDa.
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Figure 4.20 : The elution profile of SKDH (GOX1959) on Ni-NTA agarose column
chromatography eluted by 50 mM sodium phosphate buffer pH 8.0 with 250 mM

imidazole buffer containing 0.5 M NaCl.

Table 4.9 Purification of SKDH (GOX1959) from E. coli BL21 (DE3)/pET-

GOX1959
Samples Volume Total Total Specific | Purification | Yield
(ml) activity | protein activity fold
() (mg) (U/mg)
Crude 2 1,611.27 | 26.14 61.64 1.00 100
purified SKDH 2 605.72 1.34 452.03 133 37.59
(GOX1959)
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Figure 4.21 : SDS-PAGE analysis of purified SKDH (GOX1959)

Lane M : Protein molecular weight marker

Phosphorylase B

BSA

Ovalbumin

Carbonic anhydrase

Soybean trypsin inhibitor

Lysozyme

Lane 1:
Lane 2 :
Lane 3 :
Lane 4 :
Lane 5 :

Lane 6 :

106.9 kDa

93.6

52.3

37.2

28.2

18.8

kDa

kDa

kDa

kDa

kDa

crude SKDH (GOX1959) (30 pg protein)

purified SKDH (GOX1959) (30 pg protein)

washed column number 1
washed column number 2
washed column number 3

washed column number 4

100
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Figure 4.22 : Molecular weight calibration curve of standard proteins by 12.5% SDS-
PAGE for molecular weight determination of SKDH (GOX1959) from E. coli BL21

(DE3)/pET -GOX1959

Phosphorylase B 106.9 kDa
BSA 93.6 kDa
Ovalbumin 52.3 kDa
Carbonic anhydrase 372 kDa

Soybean trypsin inhibitor ~ 28.2  kDa

Lysozyme 18.8 kDa
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4.10 Determination of kinetic parameters of SKDH (GOX1959)

Purified SKDH (GOX1959) was used to determine kinetic parameters. K, and
Vmax values for shikimate and NADP" were determined at saturating concentration of
co-substrate 50 mM as described in section 3.14. The typical Lineweaver-Burk plot
was shown for NADP" and shikimic acid as the substrate of SKDH (GOX1959)
(Figure 4.23 and 4.24, respectively). Kinetic parameters with various substrates were
summarized in Table 4.10. The K,, and k.., value of NADP" was lower than shikimic

acid while V,,., value of NADP" was higher than shikimic acid.
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Figure 4.23 : Kinetic studies of SKDH (GOX1959) with NADP" as a substrate (n=3)
(A) Saturation curve

(B) Lineweaver-Burk plot
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Figure 4.24 : Kinetic studies of SKDH (GOX1959) with shikimic acid as a substrate

(n=3)

(A) Saturation curve

(B) Lineweaver-Burk plot



Table 4.10 Kinetic parameters of SKDH (GOX1 959)

Substrate K, Viax Kear
(nM) (nmole/min.mg protein) (min™")
NADP* 51.7 384.6 1.16 x 10°
Shikimic acid 250 168.4 8.74x 10°

105



106

4.11 Cloning of NAD(P)-dependent Glucose dehydrogenase gene from
Gluconobacter oxydans 621H

From the genome sequence of G. oxydans 621H, primers positioned upstream
and downstream of NADP-gdh gene (GOX2015) was designed. To prepare the
amplified gene product for insertion into pET-GOX1959, the 5’-end primer
comprised of Xhol restriction site and 5’-base sequence of gdh gene. The 3’-end
primer comprised of Xhol restriction site and 3’-base sequence of gdh gene according
to the method described in section 3.15.1. Figure 4.25 showed the 850 bps PCR
product of gdh gene. After PCR amplification, the PCR products were ligated into
pET-GOX1959 and the recombinant plasmid was sequenced. The sequencing result
showed that the exact insert size was 875 bps (29 bp upstream region, 801 bp coding

region, 45 bp downstream) (Figure 4.26).
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~— ~850 bp

Figure 4.25 : gdh PCR products from G. oxydans 621H genome on 0.8 % agarose gel

Lane M : 100 bp DNA Ladder

Lane 1 : gdh PCR products
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Figure 4.26 : Alignment of gdh PCR product sequencing result (gdh_F) with gdh
(GOX2015) gene from G. oxdans 621H genome sequence. The deduced amino acid

sequence is also shown.
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4.12 Co-expression of skdh (GOX1959) with gdh gene in E. coli BL21 (DE3)

gdh (GOX2015) gene was cloned with 29 bp and 45 bp upstream region and
downstream regions, respectively, into pET-GOX1959. The E. coli BL21 (DE3)/pET-
GOX1959-GOX2015 was cultured at 37°C until ODggo reach 1.2. Intracellular crude
enzyme was prepared as described in section 3.16.3. From the activity result, SKDH
activity was high but GDH activity was low as shown in Table 4.11.

Crude enzyme and precipitates were analyzed by SDS-PAGE. Ten microliters
of precipitates and 30 pg protein of crude enzyme were subjected to electrophoresis
on 12.5% SDS-PAGE. From deduced amino acid sequence, GDH has a molecular
weight of about 30.3 kDa, which is close to that of SKDH (GOX1959). Therefore,

SDS-PAGE could not separate GDH and SKDH (GOX1959) bands (Figure 4.27).
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Table 4.11 SKDH and GDH activity expressed in E. coli BL21 (DE3) harboring
pET-GOX1959-GOX2015

Samples SKDH (GOX1959) | GDH (GOX2015)
activity (U/mg) activity (U/mg)
E. coli BL21(DE3) 0.042+0.002 Not detected
E. coli BL21(DE3)/pET-21a 0.046+0.0029 Not detected
E. coli BL21(DE3)/pET- 109.04+0.46 0.55+0.010
GOX1959-GOX2015




112
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Figure 4.27 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX1959-GOX2015

cell free extract (A) cell free extract (B) precipitates

Lane M: Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1  kDa
Lysozyme 144 kDa

Lane 1 : E. coli BL21 (DE3)/pET-21a (30 pg protein)

Lane 2 : E. coli BL21 (DE3)/pET-GOX1959-GOX2015 (30 pg protein)
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4.13 Optimization of co-expression conditions for SKDH and GDH activities
4.13.1 Effect of medium volume on SKDH and GDH activities

The medium volume is an important parameter that effect to the dissolved
oxygen level in flask. It may be influence to the proteins expression. To study the
effect of medium volume on the SKDH (GOX1959) and GDH (GOX205) expression,
the E. coli BL21 (DE3)/pET-GOX1959-GOX2015 was cultured in LB medium using
the medium volume of 25, 50, 75, 100 and 125 ml at 37°C until ODgg reach 1.2.
Intracellular crude enzyme was prepared as described in section 3.16.3. The SKDH
and GDH activity were shown in Table 4.12 and Figure 4.28. It is obvious that the
specific activity of SKDH and GDH were highest when cells were grown in 100 ml
medium volume. Therefore, 100-ml medium was used to culture the transformant for
further study. Intracellular crude enzyme was analyzed by SDS-PAGE. Thirty
micrograms protein of crude enzyme was subjected to electrophoresis on 12.5 %
SDS-PAGE. The result in Figure 4.29 showed that the intensity of major protein band

was corresponded to the level of enzyme activity.
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Table 4.12 SKDH and GDH activity of E. coli BL21 (DE3)/pET-GOX1959-

GOX2015 when grown at different volumes

Culture volume | Crude enzyme from E. coli BL21 (DE3)/pET-
GOX1959-GOX2015
SKDH activity (U/mg) | GDH activity (U/mg)
volume 25 ml 22.3+2.08 0.011+£0.0006
volume 50 ml 52.48+£1.92 0.055+0.0046
volume 75 ml 93.37+0.79 0.10+£0.014
volume 100 ml 08.97+0.82 0.15+0.017
volume 125 ml 83.41+1.88 0.13+0
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Figure 4.28 : SKDH and GDH activities of E. coli BL21 (DE3)/pET-GOX1959-

GOX2015 grown at different medium volumes
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Figure 4.29 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX1959-GOX2015

cell free extract when culture at different medium volumes

Lane M : Protein molecular weight marker

B-galactosidase 116 kDa
BSA 66.2 kDa
Ovalbumin 45 kDa

Lactate dehydrogenase 35 kDa

REase Bsp981 25 kDa

Crude enzyme from cell grown at different medium volumes:
Lane 1 : volume 25 ml (30 pg protein)
Lane 2 : volume 50 ml (30 pg protein)
Lane 3 : volume 75 ml (30 pg protein)
Lane 4 : volume 100 ml (30 pg protein)

Lane 5 : volume 125 ml (30 pg protein)
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4.13.2 Effect of IPTG concentration on SKDH and GDH activities

The E. coli BL21 (DE3)/pET-GOX1959-GOX2015 was cultured in 100 ml
LB medium at 37°C. When ODg reach 0.2, IPTG was added to final concentration of
0.2, 0.5, 0.8 and 1.0 mM, respectively and cultivation was continued at 37°C for 5
hours (final ODggp of 1.2). Intracellular crude enzyme was prepared as described in
section 3.12.3 and used to assay SKDH and GDH activity. The SKDH and GDH
activity were shown in Table 4.13 and Figure 4.30. The highest SKDH and GDH
activities were obtained when induced with 0.5 and 0.2 mM, respectively.
Intracellular cellular enzyme was analyzed by SDS-PAGE. Thirty micrograms protein
of crude enzyme was subjected to electrophoresis on 12.5% SDS-PAGE. The result in
Figure 4.31 showed that the intensity of major protein band was corresponded to the
level of SKDH activity. Because NADP" was reproduced, the GDH activity should
be high enough to reproduce NADP” in a proper amount. From activity result, the
GDH activity was low. Therefore, the transformant was induced with 0.2 mM IPTG

to obtain the highest GDH activity.
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Table 4.13 SKDH and GDH activity of E. coli BL21 (DE3)/pET-GOX1959-

GOX2015 when induced with different IPTG concentrations

[ IPTG Crude enzyme from E. coli BL21 (DE3)/pET-
concentration | GOX1959-GOX2015
SKDH activity (U/mg) | GDH activity (U/mg)
0.2 mM IPTG 275.87+0.49 1.43+0.011
0.5 mM IPTG 333.17+0.74 1.21+0.095
0.8 mM IPTG 215.88+0.34 0.96+0.035
1 mM IPTG 150.40+1.00 0.94+0.012
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Figure 4.30 : SKDH and GDH activities of E. coli BL21 (DE3)/pET-GOX1959-

GOX2015 induced with different IPTG concentrations
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Figure 4.31 : SDS-PAGE analysis E. coli BL21 (DE3)/pET-GOX1959-GOX2015

cell free extract when induce with different IPTG concentrations

Lane M : Protein molecular weight marker

B-galactosidase 116 kDa
BSA 66.2 kDa
Ovalbumin 45 kDa
Lactate dehydrogenase 35 kDa
REase Bsp98I 25 kDa

Crude enzyme from a 100-ml cell culture induced with different IPTG concentrations:
Lane 1 : 0.2 mM IPTG (30 pg protein)
Lane 2 : 0.5 mM IPTG (30 pg protein)
Lane 3 : 0.8 mM IPTG (30 pg protein)

Lane 4 : 1.0 mM IPTG (30 pg protein)
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4.13.3 Effect of induction temperature on SKDH and GDH activities

For the pET system, the proteins expression was induced by adding IPTG to
the culture. Therefore, IPTG concentration should be optimized to obtain optimum
expression condition. The E. coli BL21 (DE3)/pET-GOX1959-GOX2015 was
cultured in an 100-ml LB medium at 28, 30, 34, 37 and 40°C, respectively. When
ODgoo reach 0.2, IPTG was added to the final concentration of 0.2 mM and cultivation
was continued at each temperature for 5 hours (final ODg of 1.2). Intracellular crude
enzyme was prepared as described in section 3.12.3 and used to determine SKDH and
GDH activity. Table 4.14 and Figure 4.32 show SKDH and GDH activity. The
highest SKDH and GDH activity were obtained when cultured at 30°C and 37°C.
respectively. Because NADP" was reproduced, the activity of GDH should be high
enough. Therefore, the transformant was cultured at 37°C to obtain the highest GDH
activity. Crude enzyme was analyzed by SDS-PAGE. Thirty micrograms protein of
crude enzyme was subjected to electrophoresis on 12.5% SDS-PAGE. From SDS-
PAGE result in Figure 4.33, the intensity of major protein band was corresponded to

the level of SKDH activity.
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Table 4.14 SKDH and GDH activity of E coli BL21 (DE3)/pET-GOX1959-

GOX2015 when grown at different temperatures

Temperature | Crude enzyme from E. coli BL21 (DE3)/pET-
GOX1959-G0OX2015
SKDH activity (U/mg) | GDH activity (U/mg)
28°C 163.87+0.74 0.78+0.006
30°C 412.95+0.74 0.85+0.01
34°C 375.13+0.60 0.95+0.006
37°C 279.24+40.59 1.03+0.012
40°C 76.09+0.61 0.53+0.012
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Figure 4.32 : SKDH and GDH activities of 100-ml cells induced with 0.2 mM IPTG

and grown at different temperatures
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Figure 4.33 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX1959-GOX2015

cell free extract when cultured at different temperatures

" Lane M : Protein molecular weight marker

B-galactosidase 116 kDa
BSA 66.2 kDa
Ovalbumin 45 kDa
Lactate dehydrogenase 35 kDa
REase Bsp981 25 kDa

Crude enzyme from a 100-ml cell culture induced with 0.2 mM IPTG when grown at
different temperatures:

Lane 1 : 28°C (30 pg protein)

Lane 2 : 30°C (30 pug protein)

Lane 3 : 34°C (30 pg protein)

Lane 4 : 37°C (30 pg protein)

Lane 5 : 40°C (30 pg protein)
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4.13.4 Effect of cell-growth stage on SKDH and GDH activities

In the cultivation process of recombinant E. coli. IPTG induction is the turning
point of recombinant protein synthesis and can bring great change to cell growth and
its metabolism(Zhong et al., 2006). Then, the effect of cell-growth stage on SKDH
and GDH activities was evaluated. The E. coli BL21 (DE3)/pET-GOX1959-
GOX2015 was cultured in 100 ml LB medium at 37°C. When the turbidity of the
culture at 600 nm reached 0.2 (early log phase), 0.5 (mid log phase), 1.0 (stationary
phase) and 1.1 (stationary phase) (Appendix O), IPTG was added to final
concentration of 0.2 mM and cultivation was continued at 37°C for 5 hours.
Intracellular crude enzyme was prepared as described in section 3.12.3 and used to
determine SKDH and GDH activities. Table 4.15 and Figure 4.34 show SKDH and
GDH activity. The highest SKDH and GDH activity were obtained when cells at at
ODgoo =0.5400 were induced. Crude enzyme was analyzed by SDS-PAGE. Thirty
micrograms protein of crude enzyme was subjected to electrophoresis on 12.5% SDS-
PAGE. From the result in Figure 4.35, the intensity of major protein band was

corresponded to the level of enzyme activity.
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Table 4.15 SKDH and GDH activities of cells at different stage of growth when

induced with 0.2 mM IPTG and grown at 37°C in a 100-ml LB medium

ODygg and cell- Crude enzyme from E. coli BL21 (DE3)/pET-

GOX1959-GOX2015
growth stage

SKDH activity (U/mg) | GDH activity (U/mg)
ODggo =0.1894 117.70+0.61 0.47+0.006
(early log phase)
ODgop =0.5400 227.92+0.48 0.79+0.012
(mid log phase)
ODggo =1.007 137.09+0.73 0.60+0.006
(stationary phase)
(stationary phase)

m -
1.4
250 A 1.2
= =
= 200 A 1 E
= >
E‘ 36 L 0B 2 |OSKDH activity
g o 'g & GDH activity
S 100 - S
A 1049
80,1 402
0 T T 0
0.54 1.007
ODggo (nm})

Figure 4.34 : SKDH and GDH activities of 100-ml cells at different stage of growth

when induced with 0.2 mM IPTG and grown at 37°C
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- ~30.9 kDa SKDH
(GOX1959)

Figure 4.35 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX1959-GOX2015

cell free extract at different stage of growth

Lane M : Protein molecular wei ght marker

B-galactosidase 116 kDa
BSA 66.2 kDa
Ovalbumin 45 kDa
Lactate dehydrogenase 35 kDa
REase Bsp98I 25 kDa

Crude enzyme from cells at different stage of growth when induced with 0.2 mM
IPTG and grown at 37°C in a 100-ml LB medium:

Lane 1 : ODggp =0.1894 (30 pg protein)

Lane 2 : ODgg9 =0.5400 (30 Lg protein)

Lane 3 : ODgo9 =1.007 (30 Hg protein)

Lane 4 : ODgy = 1.1270 (30 ug protein)
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4.14 Co-expression of pET-GOX1959 with pACGD vector in E. coli BL21 (DE3)
From previous report (Kataoka et al., 1999), pACGD vector containing gdh
gene (1-kb gene encoding) from Bacillus megaterium could be coexpressd with
pKAR harboring aldehyde reductase in E. coli JM109. Therefore, pET-GOX1959 was
co-expressed with pACGD in E. coli BL21 (DE3). Intracellular crude enzyme was
prepared as described in section 3.18.3 and used to assay enzyme activity. From the
result, SKDH activity was high but no GDH activity was observed (Table 4.16).
Intracellular crude enzyme and precipitate were analyzed by SDS-PAGE. Ten
microliters of precipitates and 30 pg protein of crude enzyme was subjected to
electrophoresis on 12.5% SDS-PAGE. Since the expected size of GDH is
approximately 30.4 kDa, the result in Figure 4.36 showed that most of the expressed
GDH was included in inclusion body. It may be the expression system in E. coli BL21
(DE3) is not suitable for pACGD expression. Therefore, pACGD vector was

expressed in E. coli IM109.
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Table 4.16 SKDH and GDH activities of E. coli BL21 (DE3)/pET-GOX1959 co-

expressed with pACGD
Samples SKDH activity (U/mg) | GDH activity (U/mg)
E. coli BL21(DE3) 0.017+0.0006 Not detected
E. coli BL21(DE3)/pET- 65.79+0.18 Not detected
GOX1959/pACGD
(A) (B)
kDa M 1 2 kDa M 1 2
94- 94-

68-
‘3-.
--30.9 kDa SKDH ]
(GOX1959)
21.1- M4- 30.4 kDa GDH

14.4-

Figure 4.36 : SDS-PAGE analysis of E. coli BL21 (DE3)/pET-GOX1959/pACGD
(A) cell free extract and (B) precipitate

Lane M : Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1  kDa
Lysozyme 144 kDa

Lane 1 : E. coli BL21 (DE3) (30 pg protein)

Lane 2 : E. coli BL21 (DE3) /pET-GOX1959/pACGD (30 pg protein)
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4.15 Expression of pACGD in E. coli JM109

pACGD vector was transformed into E. coli JM109 to dertermine GDH
expression. The E. coli IM109/pACGD was cultured in 100 ml LB medium at 37°C.
When the turbidity of the culture at 600 nm reached 0.2, IPTG was added to final
concentration of 0.1 mM and cultivation was continued at 37°C for 6 hours.
Intracellular crude enzyme was prepared as described in section 3.18.3 and used to
determine GDH activity. From the result, the GDH activity was low as shown in
Table 4.17. Intracellular crude enzyme and precipitate was analyzed by SDS-PAGE.
Ten microliters of precipitates and 30 pg protein of crude enzyme were subjected to
electrophoresis on 12.5% SDS-PAGE. From SDS-PAGE analysis result in Figure

4.37, it was found that most GDH were inclusion bodies.
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Table 4.17 GDH expression of pACGD in E. coli IM109

Samples GDH activity (U/mg)
E. coli IM109 Not detected
E. coli IM109/pACGD 0.14+0.006
(A) (B)
kDa M 1 2
kDa M 1 2 94.-
68-

43-

31- 304kDaGDH  31- ~—30.4 kDa GDH

211- 21.1-

144- "

Figure 4.37 : SDS-PAGE analysis of E. coli IM109/pACGD (A) cell free extract (B)
precipitates

Lane M : Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144 kDa

Lane 1 : E. coli IM109 (30 pg protein)

Lane 2 : E. coli IM109/pACGD (30 pg protein)



129

4.16 Subcloning of skdh (GOX1959) gene into pSG8 vector

G. oxydans has an important role in several industries. Many compounds
including shikimate are produced with G. oxydans. For efficient production, strain
improvement by molecular technique has been done. In this experiment, pSG8 was
chosen as an expression vector because it was constructed from E. coli vector pUC18
and G. oxydans vector pAGS5. skdh' (GOX1959) gene including stop codon was
amplified according to the method from section 3.23. To prepare the amplified gene
product for insertion into pSG8, the 5’-end primer comprised of Sacl restriction site
and 5° base of skdh (GOX1959) gene. The 3’-end primer comprised of Xbal
restriction site and 3’ base of skdh (GOX1959) gene were designed. The PCR
products were analyzed on 0.8% agarose gel (Figure 4.38), the major band of skdh
(GOX1959) PCR product was observed at 850 bps, respectively. After that the PCR
products were ligated into pET-2la vector and the recombinant plasmids were
sequenced. From sequencing result in Figure 4.39, the insert size skdh (GOX1959)
gene was 859 bps (10 bp upstream region, 840 bp coding region, and 9 bp

downstream region).
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~—850 bp

Figure 4.38 : skdh (GOX1959) PCR products for pSG8 on 0.8% agaraose gel

Lane M : 100 bps ladder

Lane 2 : skdh (GOX1959) PCR product



skdh (GOX1959)
skdh_F

skdh (GO%1959)
skdh F

skdh (GOX1959)

Forward primer
M I DG H T KL AGV M G W P V E
TTCGBGCTCGEEEHITGBCGGTCEBhCGhAACTCGCAGGCGTCATGGGTTGGCCGGTGGA
----------------------------------- CNGAGCGCATGGGTTN-CCGGTGGA

* ok Fdhk A L b R S

H S R S P L M HNUHWWOCU RV NGV N G A
GCATTCGCGCTCTCCGCTGATGCATAATCACTGGTGCCGGGTGAATGGCGTGAACGGGGE
GCATTCGCGCTCTCCGCTGATGCATAATCACTGGTGCCGGGTGAATGGCGTGRACGGGGC

tt&i“-ti****-iv*i\l‘tt*tt'iii‘i‘l‘ti'*ttiit‘tl'!'t*ti******tttwf****.**if

Y v P L P THUPHGF D QATLRGTLAA
TTATGTGCCGCTGCCGACCCACCCCCACGGCTTTGATCAGGCCCTGCSTGGTCTGGCAGC

131

120
84

180

skdh F TTATGTGCCGCTGCCGACCCACCCCCACGGCTTTGATCAGGCCCTGCGTGGTCTGGCAGC 144
- T T T s r e s s 2 2 S S S 2 R RS 222 2 22 2 A R 0 A bttt dubo
a 6 F Q G VN VTTIUPHIKEH BAWAMTLAC
skdh (GOX1959) GGCCGGGTTTCAGGGCGTGAATGTCACCATCCCACACARGGARAGCGGCGATGCTGGCCTG 240
skdh_F GGCCGGGTTTCAGGGCGTGAATGTCACCATCCCACACARGGARGCGGCGATGCTGGCCTG 204
B S s t et t a2 s 2R S SR S RS S A2 2 A S A0 Rt ittt i
D E L T PR \AJEK/ A/ G A VvV N T I C F V A
skdh (GOX1959) TGATGAACTCACCCCAACGGCTAAGCGGGCCGGCGCGGTAAACACGATTTGCTTCGTGGC 300
skdh F TGATGAACTCACCCCAACGGCTARGCGGGCCGGCGCGGTARACACGATTTGCTTCGTGGC 264
- JP e s el caes ez o s e S S R S E SR S A A AL AL R L L E L ARt bt
6 R 1F G/ T . DLGT<6 F ¢ b N L 8 A H
skdh (GOX1959) TGGACGGATCATCGGTGACTGCACGGATGGTACGGGGTTCTGCGATARTCTGAGTGCACA 360
skdh_F TGGACGGATCATCGGTGACTGCACGGATGGTACGGGGTTCTGCGATAATCTGAGTGCACA 324
- B Tttt r et a s 2R AR RSS2 S s S 22 S S 82 st b bt bbbt bt
D V A I/ G Rpgd(™M ¥V LN\G A G G A A E A V
skdh (GOX1959) TGACGTGGCGATTGCCGGTCGGGCCATGGT TCTCGGGGCGGETGGTGCGGCGCGCGCCGT 420
skdh_F TGACGTGGCGATTGCCEGTCGGGCCATGGTTCTCGGGGCGGGTGGTGCGGCGCGCGCCGT 384
B e e s a st 22 e S SR SR SRS LSS S R R S d i et b bt bt i
A A AL LR <sasSseyE Vv V I A N R T L E R
skdh (GOX1959) GGCGGCGGCGCTTCTGGACCGGGGCTGCGAGGTCGTGATTGCCARCCGGACCCTGGARCG 480
skdh_F GGCGGCGGCGCTTCTGGACCGGGGCTGCGAGGTCGTGATTGCCARCCGGACCCTGGAACG 444
= T e e s s e e s e e e e e S S A S S S e SR AR R e e R R R b bt
A E Apl E A L G & GWE A V A W Y E W P
skdh (GOX1959) GGCGGAAGCACTGGTTGAGGCACTCGGTGGCGGTGAGGCTGTTGCCTGGTATGAGTGGCC 540
skdh_F GGCGGAAGCACTGGTTGAGGCACTCGGTGGCGGTGAGGCTGTTGCCTGGTATGAGTGGCC 504
= PSR e T T e T TS R LR R S RS e R R R R S A SR S R L R AR SRR
g 2l A% reucCdani ElivndEpieTys M G M 6 6 K
skdh (GOX1959) GTCACTGCTATCGGGTTGTTCGCTTCTGGTGAATGCCACGTCGATGGGCATGGGCGGCAA 600
skdh_F GTCACTGCTATCGGGTTGTTCGCTTCTGGTGAATGCCACGTCGATGGGCATGGGCGGCAR 564

*ii!‘!'****1'i'i'lr**1‘*****11—111******1*1‘1‘*t*v**i#il‘**ii****i*i—i**

Figure 4.39 : Alignment of 859-bp skdh (GOX1959) PCR product for pSG8
sequencing result (skdh_F) with skdh (GOX1959) gene from G. oxdans 621H genome

sequence. The deduced amino acid sequence is also shown.



skdin (GOX1959)
skdh_F

skdh (GOX1953)
skdh_F

skdh (GOX1959)
skdh_F

skdh (GOX1959)
skdh_F

skdh (GOX1959)
skdh_F

A G L D WD AALU®RTEH AR AZPGL cC vV T D
GGCTGGTCTGGACTGGGATGCGGCTCTTCGTGRGGCCGCGCCGGGCCTGTGCGTGACGGA
GGCTGGTCTGGACTGGGATGCGGCTCTTCGTGAGGCCGCGCCGGGCCTGTGCGTGACGGA

rw*-**ttii&tn-t*iii\i-g-tti-lr*1-rtt*t1-t9:1-‘*rtbint-ﬁw**i—*ftv*fi—ftv*t

{1 v Yy TPRETZ®PLTULZLAA A QARGIL R
TATTGTCTACRCGCCGCGCGAGRCGCCGCTTCTGCTGGCCGCCCHGGCACGGGGACTGCG
TATTGTCTACACGCCGCGCGAGACGTCGCTTCTGCTGGCCGCCCAGGCQCGGGGACTGCG

R Lt TS R S S S S R Al T T T T EER a2 & b & 8 bt i b it i i

T Vv D G L G M L V HQA AR AGTFRRA W F
GRCCGTGGATGGTCTGGGGATGCTGGTTCATCAGGCGCGGGCCGGGTTTCGGGCBTGGTT
GACCGTGGRTGGTCTGGGGATGCTGGTTCBTCAGGCGCGGGCCGGGTTTCSGGCRTGGTT

*i"ti'it't!"I!'ltiii‘i‘*l'!‘tii-'!'!'*tii"ﬂ'*t*t1'*t****it"***ti*t***t"*’

¢ VvV D P QA ADU RTTTFDTULTILAR AS L. BT
CGGCGTTGATCCGCBGGCCGncCGGACGACATTCGRTCTGCTGGCGGCGAGCCTGCGChc
CGGCGTTGATCCGCAGGCCGACCGGACGACATTCGATCTGCTGGCGGCGAGCCTGCGCAC
wii1:I-*it*i—t‘!‘1'*t**-}t*****i—fti***i—tftt*ii—l—it-t*i’titttvt*t**ii
Reverse primer

D A
TGACGCGTGATCTAGAGTC-————-——=-=—~-—————~"""" 859
TGAN-CGTGATCTAAATCGACCTGCAGGCATGCAACTTTGRA 845

*k* R b b

Figure 4.39 : (continue)
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4.17 pSG8-GOX1959 expression in G. oxydans IFO3244

G. oxydans 1FO3244 has a high quinate dehydrogenase (QDH) activity
(Adachi et al., 2003b). Moreover, the G. oxydans 1F0O3244 can produce
dehydroshikimate in a higher yield when compare with another strains (Adachi et al.,
2003a). It may be possible to produce shikimate from quinate. Therefore, the G.
oxydans ITFO3244 was used as a host for pSG8-GOX1959 expression. The G. oxydans
[FO3244/pSG8-GOX1959 was grown in glycerol medium with 100 pg/ml ampicillin
for 26 hours. Intracellular crude enzyme was prepared as described in section 3.9.4
and used to assay SKDH activity. From the result in Table 4.18. SKDH activity in
transformant was 10-fold higher than that of wild type.

Crude enzyme was analyzed by SDS-PAGE. Thirty micrograms protein of
crude enzyme was subjected to electrophoresis on 12.5% SDS-PAGE. From SDS-
PAGE analysis result, although the SKDH activity in the transformant was
significantly higher protein bands between the transformant and wild type was not

different (Figure 4.40). Explanation was described in discussion (section 5.20).



Table 4.18 SKDH (GOX1959) activity expressed in G. oxydans [FO3244/pSG8-

GOX1959
Samples SKDH activity (U/mg)
G. oxydans IFO3244 0.052+0.001
G. oxydans 1F03244/pSG8-GOX1959 0.54+0.006

Figure 4.40 : SDS-PAGE analysis of G. oxydans TF03244/pSG8-GOX1959 cell free

extract

Lane M : Protein molecular weight marker

Phosphorylase 94 kDa
BSA 68 kDa
Ovalbumin 43 kDa
Carbonic anhydrase 31 kDa
Trypsin inhibitor 21.1 kDa
Lysozyme 144 kDa

Lane 1 : G. oxydans IF0O3244 (30pg protein)

Lane 2 : G. oxydans IF03244/pSG8-GOX1959 (30ug protein)
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4.18 Effect of IPTG to pSG8-GOX1959 expression in G. oxydans IFO3244

G. oxydans TFO3244 harboring pSG88-GOX1959 was grown in glycerol
medium at 30°C. When the turbidity of the culture at 600 nm reached 0.3, IPTG was
added to final concentration of 0.2 mM and cultivation was continued at 30°C for 26
hours (to the stationary phase). Intracellular crude enzyme was prepared as described
in section 3.9.4 and used to determined SKDH activity. The SKDH activity is shown
in Table 4.19, IPTG induction did not affect to protein expression in G. oxydans
IFO3244. Crude enzyme was analyzed by SDS-PAGE. Thirty micrograms protein of
crude enzyme was subjected to electrophoresis on 12.5% SDS-PAGE. From the result
in Figure 4.46, the protein bands between wild type and transformant were not

different.
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Table 4.19 : SKDH (GOX1959) activity expressed in G. oxydans

[FO3244/pSG8-GOX1959 when induced with 0.2 mM IPTG

Samples SKDH activity (U/mg)
No IPTG induction 0.79+0
0.2 mM IPTG induction 0.79+0
]

Figure 4.41 : SDS-PAGE analysis of cell-free extract of G. oxydans
[FO3244/pSG8-GOX1959 with and without IPTG induction

Lane M : Protein molecular weight marker

B-galactosidase 116 kDa
BSA 66.2 kDa
Ovalbumin 45 kDa
Lactate dehydrogenase 35 kDa
REase Bsp98l 25 kDa

Lane 1 : no IPTG induction (30 pg protein)

Lane 2 : 0.2 mM IPTG (30 pg protein)
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