Research Paper

WAEY) 3R Acta Microbiologica Sinica
53(4) :363 =371; 4 April 2013
ISSN 0001 -6209; CN 11 -1995/Q

http: //journals. im. ac. en/actamicrocn

18112 38 3 B AT 31 o 2 BS MR WA 6B 0 T M ek L B S 4 e
Bt i, B R KSR AR AR B RT R EAE

T AR K 2, A B 2 2 B, TR 2 B A1 K 050024
B A R G 054000

W LH A JOFo0 I 8 o 28 AT 1 OF4 vh L I3 0 e A £ 1 it S0 i g 2 ks e O 5 Dl 51 ik, R
J PCR 45 AR WGk 2 J AT 5 OF4 (¥ 35 B 41 DNA rh 4 38 5k 43 £ 1 [l &0 Cadh) JE DRUFD &1 i 08 Caldh) 3%
DR, ) st 2 Tk A R » A ek e Y A% R 3 Ni-NTA K2 M7 2040 g 5 1 20 B FC g 2 ke e K4 SR 1 20 1 it L 1 1)
I SN A 35°C, di il e L pH A A 8. 0, i B 1G5 979. 6 U/mg, HREE PR AE 25°C A1 35°C T [
45 CRH I G th T T i 20 I 1) 29 008 8 A1 R B 20 4 R 45 i 2 1 5 (EL T e U TR 3R 3R 8 K ST 52 1 SE 56

L £ 5 S R % T ) A e

4518 1 2y b DB U8 558 2F N AT B OF4 b o B 3R A3 T & W Jlid &0 1

AN 21 ot S M R DR 2 3 T A D R 08 B R B i A S L K 52 4
RUEIA R e o oF AT W, SN, LBE AN, SRE A2 E, JLRIE

HESES: Q814 MEKFRIRES A

Z T i & W6 [Alcohol dehydrogenase (ADH) ,
EC 1. L 1 1] 02 2 i AR i) B 22 PR g 2 —, Jl
LA NAD + , NADP + 8§ PQQ hy il i 1) 35 4 <2 J& 1§ » 1
A Z WP e, R VE 2 A HLR P R T S R
T A 10 O B Mty > B 8 ) 300 4 b S A T BE B D5 Y
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TP G PH M I8 B RAPOIR 40 B 2L RS R
KA A 30°C, J 3@ A I pH B O 105, % B bk
(1) 4= JE [N 41 3 90 Fh A7 AE T A 0T ot 2 1 4 i 356 D] A
10 /> 2015 ot 20T 2 i 36 DN 3 bk g 6l 281 b A1 4 A7 A
X4 % L i ST R 20 i G R DR O 2 5 P
5 20 IE FL A Ak T B85 1 2 ) 85 | R B ATT R K 2%
o AT AR B 58 25 L AF R OF4 43 5l e B 3R
1A 2 T R TR R 2 T T R I R TR K
1197bp F1 1359bp., 43 )] 4i i 399aa I 453 aa, i if £
B AR L, B RIE R, RAEBE AR

1 MRk

L1 B SRR

KW ¥ (Escherichia coli) DH12S | T 3t & 7%
W, K AT BL21 (DE3) H T 8t [ K ik, i 1% ik 2
AT B OF4 ey v Bk e ok 22 40 Bt 15 SE MTIF 5 63 T80
Lk @Ak pET22b ( +) ) H Novagen (Germany) , TA
7o [ B AR pMDHST Wy B K& AW TR A Al

Tag DNA polymerase, ExTag DNA polymerase,
dNTP, T4 DNA ligase F1BR i) A DI 45 0 B OKE 528
Py THE 2> ) s DNA BB [l Az A0 ik 3 B0t 77 & 0
Omega 24 7] ;NADH JiJ H Sigma 2~ & (£ [H) , HARK
R A oy Hralie Ay RIX 2% Conway 25 K K 1) 3L
N TR
1.2 SKWPATASIY

A NCBI 23 A ¥ 1R 2 5 2F M AT B OF4 v &1
i & T 3 K] (Accession no. YP_003426466) Fi Z, fi# Jlii
S 3 K] (Accession no. YP_003427049) % 17 R )%
U510 (2 1) b LN &) e s R AR K (575 5
ORI BE R BRI N VI Neol, Xhol FlI Ndel [#1iR 5
A7 /0 T 519 Rv-M F0 M13-47 R T H A 2 DS W -
Sl e TAY TR (i) A RA F A R

*1. AXBAASY

Table 1. Primers used in this study

Primers
Adh¥01
Adh-RO1

Sequence (5°—3")
GCCATGGATGCGTATATGCTATTC”  adh cloning
GCTCGAGCTCTTTAATTAAATGATA  adh cloning
Aldh-FO1  GCATATG TTTACGTCTTTACGAG  aldh cloning
Aldh-RO1  GCTCGAGATTAAATAATTTACGCAG  aldh cloning
Rv-M GAGCGGATAACAATTTCACACAGG  Universal primer'®
M13 -47  CGCCAGGGTTTTCCCAGTCACGAC

Description

Universal primer[(ﬂ

The underlined, italic and grey background stands for restriction enzyme

recognition sequences of Ncol, Xhol and Ndel, respectively.

1.3 BEmMERMREMRESAEE

DU 0% ot 25 o AT B OF4 [ 3k X 40 DNA Jy #%
B, 43 5 BL AdhF01 I Adh-RO1, AldhFO1 FI Aldh-
RO1 51955 47 B BE PCR 9% 1k 5% 1 1B KO B, )
25 #F 4 :94°C 4 min; 94°C 45 5,50 = 10°C 1 min,
72°C 2 min, 25 ¥ ;72°C 10 min. PCR 7= 4
0. 8% Byt JIg Wl 6 Ji H kA WU A o e 0 OB K A T .
EHIE IR K ™ PCR ¥4 H ) DNAS

P14 DNA J BEh 0. 8% it fIg B gk i v ¥k
ressalifh, 5 TA 58 BE 8k pMD-ST 3% 2, 1) i
pMD-Adh fil pMD-Aldh 5o )3 1F i 9 3R 3
W) BRI 1: N Y) B Neol A1 Xhol, Ndel 1 Xhol 47
WU R4S B ) DNA B, 55 28 4 () 1 1) A 311 1) 2%
& pET22b ( +) & #: K 4 % 18 i ki pET-Adh I
pET-Aldh.
1.4 ADH #1 ALDH & HHE B4 1k

¥ ik Ak pET-Adh Fl pET-Aldh 43 31 % N K
Y BL21 (DE3) 1, & i ¥ K 7%, I A
0.8 mmol/L IPTG 5 555 3% 6h, e 82 14 14, 45 14 4 =
BT R TN N A R P R S R L SRR TR AR
L3 B 3RAT 40 B

Y40 35 W5 50% Ni-NTA resins (Qiagen) 7F
4C o dsi 4 (1 h) ; Lk (4% 5K M50 mmol /L)
Beik 3 U 2 AR BH 1 2% 2 1 H I B T H R
Wk 250 mmol /L) WEd 4 . Fif 45
TV ik 2 v R B TR IR e, DR A7 T — 80°C ¢ FH » 325 1T K
910 mmol / L R £5 2% vh i (pH 8.0) «

tH SDSPAGE V44 I & 1 5t i) 26 5% » BA BioRad
FEAWERF A T (BioRad Protein Assay) Il & &
9 B, BSA (2.0 mg/mL) 3y & [ FRVE b o
1.5 ZEREMEHETE

KA 4R R T R E VE R 4B AT
ADH {35 e ™, 20 W T 20 W Be ¥ 20 W8 sk h 201
LM 55 A5 IR S N R A N R 2 T R R
SR B R B R B £ FR R AR (57100 pg/mL Amp,
0. 1 mmol/L IPTG,200 wLIJE/K K5 K150 WL G B 4
KARFIM LB [ R85 92 3E) , 37 °C 8] B 55 97 1 7
1.6 ZEREMEMHETE

K FH 43 66 B v s ALDH i 2 (1 3% ™
MR EL0. 1 mL 20 mmol /L. B-NAD, 0. 02 mL /i ¥ ,
Na, HPO,KH, PO, 2% 1 ¥ il (249K J& 24 50 mmol /L,
pH 8.0) , N Z& K4 0.9 mLIf 78 72 1R AT, I &
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NS 0. 1 mL (40% ) JF 4f & W5 76340 nm i
R Y B TR AR A (BEAS SN 3 AL AT U RS
) o B3 PE 2 X4 43 B340 nm R WO AR fb
0.01 J7 7 IR 552 X4 1 /N g g (U)
1.6.1 ALDH fi& pH | & : 1% M {71 5 -2 5 7%
( BrittonRobinson, pH 6.5 - 10.5, % ¥k J&
20 mmol /L) 2% phifs WA g S N 0 5 U R
N 8 1 R P R B L 3 S Y. pHL A .
1.6.2 ALDH Hi&REMNE: & pH H F, T
20 mmol / LA §iij 3 4 5 2% 28 w3 b P 5 AN 5] i i
JE (10°C, 15%C,20°C , 25%C , 30°C , 35°C , 40°C , 45°C ,
50°C,55°C,60°C 1 65°C) I (¥ i & 11 3% 1, 0 ik 3
o 38 VI
1.6.3 ALDH REREMMNE: /£ & i& pH T,
20 mmol / LA B $1 -2 5 2% % v i b, oFE I 2 1 43 il
T 25°C,35°C A 45°C R i i, M58 A AR B R iR
e Wi 2R P e R 3 S 3 AT L R 1
1.7 EfEMZHEIE

R AY 27 B 40 1028 0k 3k pET-Adh # N K
JY AT B BL21 (DE3) Hfv, $k T E — B v B 5% T 55 AH B
PUAEF IR R R T, SR CaCl, ¥k il 46 1% 2 &5
g0 M ; B f5 oK pET-Aldh B N bR sz &4 b, #
N RIEA R BRIEHE (5 2 N REK
) T AR B R I 3TC TR 3R & 0D, 2 0.5 i,
TN S5 IPTG (&4 ) Tmmol /L) J 6K W ks (&
WRE AR 0% 1% 5% ,10% ,15% ) , 4k 42 1 77 f:
R BRI A K e DL — 2K & pET22b
( +) pET-Adh } pET-Aldh £ 15 FEAE h )
1.8 #%BRF 5 E 247

KR 741 43 A BT L 51 40 4 38 1 514 M13 - 47
A Rv-M ™ B8 91t HE K DR ®) (k50 5
J7 41 [R5 PR 73 #T K BLAST #2 )3 8547 DNA F1 24 4t
12 1 51 ) 5 48 2R o

2 g 1Ry
2.1 HEMEEMEENRASEEE

LL B. pseudofirmus OF4 3L K41 DNA 24 B4R,
A B oE 9 2 6514, 3 B 2 PCR 75 32 i 2 ik DA

adh M aldh 1) fe A 3B KO JE 20 5 O 49.2°C A
50.4°C o fE R KR B N i PCR 97 19 ik 3 3k
7 HISER, 5374 Be 4 1.2 kb (adh) Fi
1. 4 kb (aldh) » 5 T /N AF

PCR /=¥ 55 TA v 44k pMDA8T & 4 = ) &
W 1B 9 0 KN B VR PCR G 20 il 3845 T % H 3
DR P4 BE 2 18 9% » T 270 0 5 R B0 o o i 43 36 TR adh 1
aldh 5 GenBank v {f % 5 2 Jfl 4T 1 OF4 £ BE i &
fity R 2 T O A DXL ) 5 A — 35 (1009% ) 5 3t
E 1) 35 DN e o T

23t BlastX £ &R & B AR % 5 2F M AT (B,
pseudofirmus) OF4 v £ g Jlit & i (ADH) 5>k [
Desulfosporosinus orientis DSM 765 H Z, [ it & B A 2
FLR [H) Vs M B = ok 63% (NCBI accession no. YP_
004970899) , 53k A Zymomonas mobilis ZM4 ) Z. 3
i 220 1 (1) [ 9575 38% (PDB no. 30WO0) "7, &5k
| Thermotoga maritima [¥] £, B¢ i 2 B 14 13 95 1 A
34% (PDB no. INHD) "7 . Sk [ {5 0% o 4 i FF 4 11
T T S 1Y) 4 R B T 45 A U Asp210. His—
214 His279 . f1 His293, H i 2k o0 M) (1 Asp-54,
Glyd12, Serd14, Aspd17, Lysd20, Phe-54, Thr—
155,Glyd57, Lys476, Tyr477,, Leud95, 11e203 , Asp—
210, His214, His279, His283 , His293 % {4 i, 5 %
1 D. orientis DSM 765 [f] £ B 20 5 3k A — 5

B. pseudofirmus OF4 1 Z, 1% Jlii A ls (ALDH) 45
Sk A i 5 v Bk 2F M KF B (Bacillus halodurans) C-25
h 2T A Sk TR ) R M B s ) 65% (NCBI
accession no. NP _241731.1), 5 3k 3 #F B K &
(Norway rat) Z & it S 1 [R] 95k %9 44% (PDB no.
1AD3) [ » 5k 8 Pseudomonas aeruginosa 1] Z. 1% it
S (¥ 7] 95 P 4 32% (PDB no. 2WOX) ™. kA
82 1 5% 25 i FF TR 1) £ T8 TG S0 T RS (9 NAD 45 & 47
2 JE Prod11. Asnd13, Glud39, Vald68, Gly-186,
Ser284, Arg-286, His287, Arg290, Val331 1 Phe-
333, 3% 1k Pt B Asnd13. Glu=208. Gly239 Fil Cys—
242 4 i (NCBI accession no. YP_003427049.1) , 5
>k B B. halodurans C425 [¥) £ T I 00 5 AR — 2.

T BR A D) D) Ak EEOA TR ) 5T RE
pMD-Adh 1 pMD-Aldh #3454 H ] DNA F B, b5
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20 AH . il 1) A B P 22 0k ik pET22b ( +) 2 )5 i
N KW A # DH12S v, i ik B 3% PCR i 1% 3K 145 B
PR BT 25 (10 TR 48 30E — 25 XU U 56 30E , MK
1-A W LUE 5, Bk T 75 6kb Bz 47 DNA %47 4, 15
1. 2kb Pf A ¥ W0 H 1) DNA 4 a5 Uk B 3R 08 3514
pET-Adh ) & s Py [FFE M & 1B m] LA 2 7
6kb Jz 1. 4kb BT ¥ 4535 Wi ) H (1) DNA %71, 13 W

KAk A pET-Aldh 14 2 B 1y
(A) 1 M (B) M 2
5.0 kb—
—50kb
—2.0kb
12 kb—> 1ok 20kb—

1.4 kb

1.0 kb—

1.2 kb—

1. REHFEBYILEEREE PCR EEE

Figure 1. Restriction enzyme analysis of expression vectors
and colony-PCR analysis of co-expression recombinant. A:
expression vector pET-Adh; B: expression vector pET-
Aldh; C and D: recombinant with co-expression vectors
pET-Adh and pET-Aldh; Lane 1 stands for gene Adh, Lane

2 stands for gene aldh, Lane M stands for DNA marker.

2.2 MEEAMRIEMGgL

RILHF A pET-Adh A1 pET-Aldh 73 55 e N K
FE BL21 (DE3) w3l ok 1 55 7% &% % 5 7 IPTG 7
5 6h, SCHE I 1A A 0 T R P R B0 1 T P Y
fife sl g Ni-NTA SEREdikaitb e . AWK
2 55 1.2 JKIE At 75 44kDa [ 32, 40 Mo 24 ik v 1
T SUTUE AN AT LS9 10 B 4l R B i
Ni-NTA S Z M At gifb i 8 H A 8 H & A, i
) T Mo Sl 3R A AN ey T 2 58 3 ki AT LR
H,7E44kDa E A E HRE —HMEALW, 54
i It ST 11 AR 43 1 50879 Da 2, U W £ 1 I
LU D) 08, HR A R BOK, 8 A A OR BT

1 M 3
kDa
- —97
- —36
-_ 5! kDa
44kDa— - A
| a—
— —29
- —20
| — —14

2. ZEeRSEEFN Z BE B S B | B 4 L B9 SDS-
PAGE 7217

Figure 2. SDS-PAGE analysis for alcohol dehydrogenase
and aldehyde dehydrogenase. Lane 1, cell lysis of
recombinant with plasmid pET-Adh; lane 2, precipitate of
recombinant with plasmid pET-Adh; M, marker; lane 3,
purified protein ALDH.

2.3 ZEEREEMEEETE

¥ 5 FoRi pET-Adh & pET=22b ( +) [ E 4L 7 %I
I TR T W 7R T B S5 45 Bk B 4 B R AN
o B R S 2 S RN B, BV T SR R T
W AEAE B i 15 S T, 5 B 13X 7 ¥ A L
FIWr & kL pET-Adh 41 1 /& 15 B A & i &L 1
A6 5 1
2.4 ZEEBRSEEMESHT

A 340 nm P KR WO B AR A & E
ALDH 2 (135 1™
2.4.1 ALDH &;i& pH: | ¢ i§ 55 A 4 A F pH 2%
PR AR R S M R L B 3 N pH 8.0 (] 3-
B) .4 pH ff & T oK T 8.0 I, fifi %5 pH {H f 2
8.0, [ 5 11 (¥ AH X 35 £ 208 R B4 pH /N F 6.5
KT 10,5 1, ALDH ¥ AH G 3 PR 4208 T % .
2.4.2 ALDH &R iRE A HiG pH 8.0 N,
SE AN [R] L R AR 11 ALDH [ A1 % 35 1 5 45 55 0L 1
3-A B A W R TR T v T PR T e 2 Rk R
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35°C If, ALDH 3% PR3k 21 & v, M3 35°C Ji5, B & iR
JEE 2% 28 T vy » I B 0 R OGS 3 P T ARG S MR R Ak )
65 °C Inf Wi % 56 42k K o

1E 5038 J NI JE 35°C Jefi il pH8. 0 1, il 5 4
=5 ALDH &5 [113% 710 979. 6 +13.8U.
2.4.3 ALDH B Efa F 4% 7620 mmol /L{f K H# -
B AR g% vh W (pH 8.0) w1, 23 Bl F 25°C 35°C
45°C F % %2 g o 1A 10 il R AR E 1k, 45 R W3-
Co fEd#] 1h P, g 8 1 ALDH 1F 5 i il fE 35°C

DR RR AR T T A i A BN ) ) A KGR
Th) , 75 3 ANl 8 R Wi S 0 R A% i 1 24 Bl 2 B
N EEEH25°C F 35°C T g iR R T RS2 R, 35°C R
Pl S 0 B A% 3 P AR T 25°C R B9 R AR s
£ 45°C T Wi £ (10 PR R B B 2 AR 45°C Rl
AP ShoJn s AR AL WS R LT 58 4k K, I LR i
W R AR IR A S B BURR E , HLBE A TR
[T S i O3 - S O S S il DU
4.

= 25C —=357C

—~—45C

Relative activity/%

(A) (B)
1051 105 ¢
o 90 S 90 1
= 75t z 757
Z 60t Z 60}
2 <
§ 45} 2 45}
__f 30t _3 30+
e 15} &5t
0 . . . 0
5 20 35 50 65 6 7
77°C

01 23 4 56 78910
pH t/h

3. ZRRESHBEBFET

Figure 3. Characterization of ALDH. A: Optimal temperature; B: Optimal pH

2.5 WMERXEEERTBEEM LS

¥ % ki pET-Adh fil pET-Aldh A 4k # A 15
BL21 (DE3) ", 41 7 il i 1# % PCR 3 if & WL #£
1.2kb (& 1-C) #1 1.4kb (B 1-D) A ¥ H W =K
DNA Z5 > i B XU DR 3 2 0 4 3 A0 2 1 1)

Y TR MIEIEE 0Dy B 0.4 A4 E,
NZE R 1 mmol /LK 5 3 5 TPTG, M 52 14 Bk 71 A
I TR e B T PR AE A 0 o A R AT AR RS 9 761 2%
AR T T A AR A K IE W, & 2 34k pET22b
C+) PR RR L I e B A AH L KAy (B 4-A) Y
PR E N 1% B, & XUk pET-Aldh pET-Adh
WKL T &2 8k pET22b B4 1, 11 4
AN R i PR s H 2 AR R BT AT TR AR AR K B
A 0] 52 B (B 4-B) 5 22 98 RS R 5 3E 3 5% I
SV T A W AR AR AR 52 31— e B BE 1R 5% e, AN i A
SHI 5 > &4 WIE K adh Al aldh 1) 36 3 35 T 4R K 3
B by, — AL TR KN T Al AR K AR g, e
FERFFE 13h JERIAH 4R N T 2 o3 (& 4-C) 5 299
R e B2 3K 31 109% » BT A7 w1 AR 1 AR S 32 31 T AR K1)
SEM JEAR AR EN T BT, H 2 S XU ] adh

; C: Thermostability.

aldh [ AR AT IR A DL — € (W5 RS T 32 € 7 2E A
TET I bE FCA R R R I — 2k (J 4-D) o X SRR
VL] T MR 1 ADH AT ALDH 3 j Zh 2 3k, UK PR 36
RIKAT R ey 1 A1 B AR 0 RS 1K) RE D ATt A
0w R B 1 LT 52 i pET-Adh ) 5
Y7 B A B D AR TK BRAT £ Il S (5L 4R
(K B2 At 7 40 T SR T S £ 25 R 90 ) T 7 A 1) A 2K
K5 A, A pET-Aldh 1) 5241 7 W 52 15 WK S L7
0 1 TN 1 S S S

BB AR 2R W Dl 15% I, JT A B PR LT %
AR ARG (4 R BoR) » XA R AT Re
P50 s IR S B il T SR R s AR R
K52 B, W T B D JE VA IE R R IL Sl T
AN YN 2 A 3 R ol S N LY SRS
o8 AL v VA 52 1) 2 T G AU 7 0 4 T A T R 1
o DR, B R 5 A7 00K IR PR F AL A R T
LN AWML A 7 F Lk Ew K.

3 it

LIEAE AR A IR R ) ) L I fE S DNA JE
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—— AA —=— 22b —— Adh  —— Aldh
(A) (B)
&
Q
(©) (D)
0.65
0.55
S 045t

0.35 PR

0.25

4. EHFEFEMZMHE
Figure 4. Viability of recombinant in different ethanol concentration. (A) Alcohol, 0% ; (B) Alcohol, 1% ; (C) Alcohol, 5% ;

(D) Alcohol, 10% . AA, with plasmid pET-Ahd&pET-Aldh; 22b, with pET22b ( +) ; Adh, with plasmid pET-Ahd; Aldh, with

plasmid pET-Aldh.

FRINE 0 B A DNA (¥45 5 fik 97, it i DNA 451455 A1
JER g A . E N AW T3 WAk 2 W A
(ADH) 1 Z, 1% i 205 (ALDH) 3% [7 ¥y i 2 1 fi 4 i
2, B 5N AR . AR, N RN IR B A 1 11 2
S, a5k /> 2 I T S E AR AR
U2 1G, B4R KR 2 B S h R 28 R
G5 0E 8 TAE 5 2k Py Bl Ab 20 s I I I 0 p T ol 9
it 20T PR 2B 08 1T B AL A TR IS S L Sk
SEREIR, R SR A g . sk, AR
P E S e e o P E [ B AL G N
JR Z —,2012 45 1 =7 F DRV 25 Jir 3501 16 2% A2 18
b, R EF N RAT S NBETS . A R 2
R IN3E B ADH A1 ALDH , 1] LU A £, /7 5 44 %
A H LR WIS B R I f R S 2
S g DR, 2 U A A 2 T T G A T
B FLIA I7 15K T 5 0 S T AT K I O R v
Sy BT FEBRBAR Y 5 0, AT LA ] 2
iR 2 I 6 Ak B 2 T I3 Y 0 TR S 2 R

FAY K B8 0T 36 e 1 3R 5 9 4 A R R S R
B2 T NSl AR A P R ICIX S i 1 A AR
2 T X LW I 2R 7 0 S L S AT R )
Az oy TR IR SRR S DY AN B R ) R
0 AR AG AR G i BT 1 D IR N ST i 2R R T
TRB 897 25 RS R DA AR 57 i (1 T e B
HEEEL .

AR SO J5URZ A 0 A i 28 AT 18T 4 Tl e B 3R
T 1A L 2 R £ T S RS O T R
IRARAT T LTl M 1% AR TR Bl N
35°C, i [ o pH 4 8.0, T W H A WG 1 0
979.6 U, il 87 1 46 % il T RE DR 45 B 45 (10 B e 1k
L 45 °C U7 S 52 i JBE R A I Ta) R85 i i AR R K
LA ATCBA M) R IERAT LT i 2 X
H DR HEAT 55 05 O 4 I o T R B BRI S R
(Kl i 52 % 5 - ATA, AGG, AGA Fil CGA, HAEE 4
WAL T+ 2 A AEAR N A T ATAL £E +6 {47
FEAR W 2 # A 1 AGG, BRI S5 48 K i A1 s IR
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i 52 B 0 TR MBS T 1 +2 B +5 7, ¥ 8
R AN AR A ik P Ik el AT A R fig
AT PERG & 1 ADH {9 JRUIR T e o RV ik, A
AT 5 20 g At 2 it S T R 2 R o I XU R AL
AR R YL TAE 10% LHEW N AR R B 8 Uf
(1) £ T % At 16 7 » U B BT s e 10 9 AN 56 TR 38 LA B
U R EAR TG T 4L T 10 S W A2 v B T H T C
I dge 5 (1) I A4 TR IR A 2F L FE B Anoxybacillus sp.
WP06, i% I 76 60°C 15% (1) & B W 38 ' 1% fg % &
K B 2R A R T B R
B S A Rk 4, AR AT S IR AL, R &
et it 0 il 1 2 T S S [ A R o e O B M Ok B
WA 33 RN BN Y QT A N N 7 ]
135

Z 25 3LHR

[1] LiZ, Cai A. Extracting alcohol dehydrogenase from cells
of microbes. Journal of Huagiao University-Natural
Science, 1997, 18(2) : 189-492. (in Chinese)

R SRR, ATHCAE ) A0 e B2 L ADH [ R0 4
i K22 (AR R R) 51997, 18(2) @ 189492,

[2] BWE. NN 2 3 H K ek &Lk, #iirk
2201 18 352005,

[3] Hasituya, Bi L, Su X. Progress on aldehyde
dehydrogenase 2 (Aldh2) gene. Chinese Journal of Birth
Health & Heredity, 2007, 15 (5) : 34. (in Chinese)
W A, BR AL R, 955 4. Z B AUEE 2 (ALDH2)
JEDI BT . T R 4 dg AR 2 R, 2007, 15 (5) 23—
4.

[4] Takami H, Krulwich TA. Reidentification of facultatively
alkaliphilic Bacillus firmus OF4 as Bacillus pseudofirmus
OF4. Extremophiles, 2000, 4:1922.

[5] Conway T, Sewell GW, Osman YA, Ingram LO. Cloning
and sequencing of the alcohol dehydrogenase II gene from
Zymomonas mobilis. Journal of Bacteriology, 1987, 169
(6) : 25912597.

[6] JulJ, Yokoigawa K, Misono H, Ohnishi K. Cloning of
alanine racemase genes from Pseudomonas fluorescens
strains and oligomerization states of gene products
expressed in Escherichia coli. Journal of Bioscience and

Bioengineering, 2005, 100 (4) : 409417.

[7] LuJ, Wei Y, Huang K, Huang R. Cloning of alcohol
dehydrogenase Il gene from Zymomonas mobilis and
expression in Escherichia coli. Industrial Microbiology,
2004, 34 (1) : 1720. (in Chinese)

i B, =5 40, B B . 38 B R W T L
SN RN Y RPN 7R I N N X 7 4
#),2004,34 (1) :1720.

[8] Zhao Y, Lei M, Wu Y, Wang C. Optimization on
activity detection system of acetaldehyde dehydrogenase
from Saccharomyces cerevisiae. China Brewing, 2008, 9:
23-26. (in Chinese)

BE R E IR IR EAFSC. BRI I RE LR IR S
Pl % AT I S AR R AL AL, AR 3, 2008 5,9 :23-26.

[9] Fotouhi L, Ganjavi M, Nematollahi D. Electrochemical
study of iodide in the presence of phenol and o-cresol:
application to the catalytic determination of phenol and o-
cresol. Sensors, 2004, 4: 170480.

[10] Moon JH, Lee HJ, Park SY, Song JM, Park MY, Park
HM, Sun J, Park JH, Kim BY, Kim JS. Structures of
iron-dependent alcohol dehydrogenase 2 from Zymomonas
mobilis ZM4 with and without NAD * cofactor. Journal
Molecular Biology, 2011, 407 (3) : 413-424.

[11] Badger J, Sauder JM, Adams JM, Antonysamy S, Bain
K, Bergseid MG, Buchanan SG, Buchanan MD,
Batiyenko Y, Christopher JA, Emtage S, Eroshkina A,
Feil I, Furlong EB, Gajiwala KS, Gao X, He D,
Hendle J, Huber A, Hoda K, Kearins P, Kissinger C,
Laubert B, Lewis HA, Lin J, Loomis K, Lorimer D,
Louie G, Maletic M, Marsh CD, Miller I, Molinari J,
Muller-Dieckmann HJ, Newman JM, Noland BW,
Pagarigan B, Park F, Peat TS, Post KW, Radojicic S,
Ramos A, Romero R, Rutter ME, Sanderson WE,
Schwinn KD, Tresser J, Winhoven J, Wright TA, Wu
L, Xu J, Harris TJ. Structural analysis of a set of
proteins resulting from a bacterial genomics project.
Proteins, 2005, 60 (4) : 7875796.

[12] Liu ZJ, Sun YJ, Rose J, Chung YJ, Hsiao CD, Chang
WR, Kuo I, Perozich J, Lindahl R, Hempel J, Wang
BC. The first structure of an aldehyde dehydrogenase
reveals novel interactions between NAD and the
Rossmann fold. Natural Structural Biolgoy, 1997, 4 (4) :
317-326.



370 Jiansong Ju et al. /Acta Microbiologica Sinica (2013) 53 (4)
[13] Diaz-Sanchez AG, Gonzalez-Segura L, Rudifio-Pinera identification of a strain with potentiality in ethanol
E, LiraRocha A, Torresdarios A, Mufioz-Clares RA. detoxification and optimization of its culture conditions.
Novel NADPH-cysteine covalent adduct found in the Liquor-Making Science & Technology, 2011, 6: 1720.
active site of an aldehyde dehydrogenase. Biochemical (in Chinese)
Journal, 2011, 439 (3) : 443452, Bl R, AL X, . — Bk LR

[14] Conway T, Sewell GW, Osman YA, Ingram LO. Cloning il TR BRI 7 3k % B HRE IR A i A Ak, R T R
and sequencing of the Alcohol dehydrogenase II gene $,2011,6:1720.
from Zymomonas mobilis. Journal of Bacteriology, 1987, [19] Evnas WE, Johnson JA. Pharmacogenomics: the
169 (6) : 2591-2597. inherited basis for interindividual differences in drug

[15] Zhu K, Yan M. Association between ADH /ALDH response. Annual Review of Genomics and Human

genetic polymorphism and alcoholic hepatitis. Chinese Genetics, 2001, 2: 939,
Journal of Clinical Hepatology, 2003, 19 (5) : 273275. [20] Chen M, Gao M, Yao W, Gao X. Influence on the
(in Chinese) expression of heterologous proteins in Escherichia coil of
KALG AW, SR AN AN 2SS non-optimal codon quantities and location. Journal of
WEORE PRI 05 9¢ 2 0 WF 5T BRI PR T IR O 26 China Pharmaceutical University, 2008, 39 (6) : 553—
2003, 19( 5) : 273275. 556. (in Chinese)

[16] Zhang X, Mao G, Zhang Y. Current research and [ = E 2 Ve S = I Sy N /10 S A< [ | [ s
applications of alcohol dehydrogenase. Progress in T 1 B K 0 B X AN R R IA g . T 2y
Veterinary Medicine, 2007, 28 (12): 9295. (in BEK 2 24,2008 ,39 (6) :553-556.

Chinese) [21] Gustafsson C, Govindarajan S, Minshull J. Codon bias
GRIGEES, BENA, Kk = 0. & I Mo 0 1 . FH A 9 LK and  heterologous protein  expression.  Trends in
15 2 0k R ,2007,28 (12) 19295, Biotechnology, 2004, 22(7) : 346353.

[17] Zhou L, Yu P, Wang J, Song K, Jiang K, Xu H, Li K. [22] Peng H, Gao Y, Xiao Y. The high ethanol tolerance in a
Expression of aldehyde dehydrogenase 1 in breast cancer thermophilic bacterium Anoxybacillus sp. WP06. Chinese
and its clinical significance. Tumor, 2009, 29 (7) : 663— Journal of Biotechnology, 2008, 24 (6) : 11174120.
667. (in Chinese) (in Chinese)
JAlwE, B, FaEF, REBLILE G, R4, Zw. & BHELER M. bk LR 2 A T
P I S0 1 o 1 LR D R R B R R G i Anoxybacillus sp. WPO6 [¥ 1k JFU W 58, A= 4) L FE 24,
I8 ,2009,29 (7) :663-667 2008,24 (6) :11174120.

[18] Lu C, Li Z, Li Y, Liu H, Jin H. Screening &



WA A A5 IR R BT v P £ R R SR N e B R IK R A R R /IR A 4R (2013) 53 (4) 371

Cloning, expression and characterization of alcohol
dehydrogenase and aldehyde dehydrogenase from Bacillus
pseudofirmus OF4

Jiansong Ju'*, Ning Ma'*, Ranran Zhao', Jingwei Liu’, Shujing Xu®" , Baohua
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' College of Life Science, Hebei Normal University, Shijiazhuang 050024, China
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* Xingtai Medical College, Xingtai 054000, China

Abstract: [Objective] To clone and characterize the alcohol dehydrogenase ( ADH) and aldehyde dehydrogenase
(ALDH) from Bacillus pseudofirmus OF4. [Methods] Genes of adh and aldh were cloned by PCR; expression vectors
pET-Ahd and pET-Aldh were constructed and expressed in Escherichia coli BL21 (DE3). After Ni-NTA column
chromatography purification, the protein was characterized. [Results] The optimal temperature and pH of ALDH was 35°C
and 8. 0, the specific activities of ALDH was 979. 6 U/mg protein, the thermostability at 25°C and 35°C was better than
at 45°C. Although the expression level of ADH was too low to purify, but it was found that ADH had high catalytic
activities by experiments of co-expression and ethanol tolerance. [Conclusion] Adh and aldh from B. pseudofirmus OF4
were cloned successfully. Co-expression of double genes could greatly increase the host strain on ethanol tolerance.

Keywords: Bacillus pseudofirmus OF4, alcohol dehydrogenase, aldehyde dehydrogenase, ethanol tolerance, co-expression
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