' O 56-ADH 115Uk 3635 B i Tk i

FAE 2, BNEF 1, BRI, RRAED, RGP, B
(1L VLR R Tk AR #H Fﬁ'ﬁ SR, VLR OB 21412252 VLR R MERZRE T 2 S HARE R T
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WE. 4ERM[AF TEBLAM 58—ADH, 43 GeneBank ¥ 88-ADH #9L H A7 4% B &9 3k
ADH7 ,#)# & 40 % ik # 4k pET-32a(+)-ADH7, 3t # 4L K A # E.coli BL21(DE3) , 3% ¢ FE]AH:_
AT 257 A AR -B-D-F UM F (IPTG) # F &35 ,SDS-PAGE & %« £ R 2+, B 69 & AR
AELERG T XAFE K ERE, A 1 mol/l & FIEM&LiHKRKFA F ey MBEER , 2 HisTrap™
excel & fo BAT AR AL IKIT B 69 & G T, 40 85-ADH B & 5F xF L A KB RS ATAF R, & R
£ ,88-ADH &) &4 2.085 U/mg,K,, A 28.43 mmol/L, V., # 316.46 pmol/(L.-min), 88—ADH
89 R IER BB E A 40 C, 7 30~50 CEH W i%% 60 min, AxTEEEE 47% 04 L &i&E pH A
9.0, ¥ 85-ADH £ &~ F pH(pH 3.0~11.0) #5524 & + T 25 C+& & 30 min, £ pH 6.0~11.0
OB W B E AL T pH 5.0 B, A8 AT B E K] A 60% ;4 0.500.1 000.1 500 mmol/L. Z&5 F 37 C
%% 30 min, 48 %+ B & 455 A 65.6%.51.1% .45.4%F= 44.4% ,

KR . B LA ;08-ADH ; A B % B MR

FENES:Q078 XEHS:1673-1689(2019)07-0078-08  DOI:10.3969/j.issn. 1673-1689.2019.07.011

Expression and Enzymatic Properties of Stomach Alcohol
Dehydrogenase 66—ADH in Escherichia coli

CHANG Kaixia'*?*, SUN Junyong"**, LI Xiaomin'??, WU Dianhui'**, ZHU Dewei'?**, LU Jian"*?

’

(1. Key Laboratory of Industrial Biotechnology , Ministry of Education , Jiangnan University , Wuxi 214122, China;
2. National Engineering Laboratory for Cereal Fermentation Technology,Jiangnan University, Wuxi 214122,

China ;3. School of Biotechnology , Jiangnan University , Wuxi 214122, China )

Abstract: In order to gain the 83-ADH from human stomach,the target gene was synthesized
according to the sequence of human stomach alcohol dehydrogenase 85-ADH gene ADH7 in
GeneBank, inserted into plasmid pET-32a(+) which was transformed into E.colt BL21 (DE3). IPTG
was used to induce the experssion of 63-ADH in FE.coli BL21 (DE3). 85-ADH still existed in the
form of inclusion body even after optimizing the expression conditions. Active crude enzyme
solution was obtained after the inclusion body was solubilized with 1 mol/L urea and the target
protein was purified by HisTrap™ excel affinity chromatography column. Then the specific activity
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of the enzyme and its essential enzymatic properties were studied. The results showed that the
specific activity of 85-ADH was 2.085 U/mg, K,, was 28.43 mmol/L and V. was 316.46 pmol/ (L-
min ). The optimum reaction temperature of 83-ADH was 40 ‘C ,and its specific activity decreased to

a value which was about half of the maximal activity after a water bath in 30~50 C for 60 min. The
optimum pH of 83-ADH was 9.0, after a water bath in different pH buffer in 25 ‘C for 30 min, the
enzyme activity of 88-ADH kept almost consistent at pH 6.0~11.0,while the relative enzyme activity

was only 60% remained at pH 5.0. After a water bath in different concentrations of alcohol (0,500 1
000.1 500 mmol/L)in 37 “C ,the relative enzyme activities of 83-ADH were 65.6% .51.1% .45.4%

and 44.4% ,respectively,,

Keywords: alcohol dehydrogenase,85-ADH , gene cloning, enzymatic properties

Z T W Z B (alcohol dehydrogenases, ADH,
ECL1.1.1) J& — 2 LA Tk frie i R 04 — A% 11 2 (NAD)
S DURE DR O L ) R AR 2 B AR
[ BRI N AR 2 AU T AL 2 B A R
LW, LM CEEN R BRSO R L, &
MR 28 b — ¥ TR 0 B 4 08 B Ak R — AUk Atk R K HE
A2 BT, RN B LA A 5 KIS ADH
I.ADH II.ADH III ADH IV #1 ADH V, H'h ADH
IV 25 88-ADH 41 A%, HolP 0 § (3 )P, 88—
ADH RME— RAEAE T IR £ B S0, & £ 2
A5 T B RIS A0 ff he,

B 5 Ak 28 75 B AR T ) 038 K, — T TR
R ity B9 T R R A TR T, 55— T T AT S S R
FY T SR B 2530 U TR T S R A
ARV 247 08 8 Sk — 00 L N AR R R e H
Bl G 1 N T G Al 1 F 5 A b e I o
i) ADH 1 2678 Hrh ADH1B*2 ADHIC*1 £ 12
TR Ot T v 3 2 e 0 T AR SR B AT AR AE T
B R RE B E LR A b SEEG IR Y £ Bk
BE/NT 10 mmol/L B, ADHIB*2 J& 42 A 2 B A
it v 0 M e O 5 R SR E R T 10 mmol/L
i, 88-ADH WY T PEfe s . RS, B b S ek B v]
IKEE IR PR, WEgEdg i 10 M5 T 5i iR AR A
0.8 g 2 LTET, H EH CBEAR B2 A LA E] 1.5 mol/L,
FEARG I T B 45 1 1) B R B v i 7 S B IS
YAl /5, ADHIB*2 ADHI1C*1 %4k £ B /9 75 FH
/NF 88—ADH,33-ADH 7R 1] G f& A& 4 S 1k = ik
JE A 5 R — B s

T KA RE RS H AR R RGAM L
HA SRR R R B R sAE, B 3L

FIKIKF- R PTG S RE T 5 AR P DR A 3 A
FH R 1 AT T 2 35 R X 88—ADH i 17 4h i % 35 JF
Xt 12 i ) fe Ol VR R B | folE pH IR AR E M pH
e M J SR Z AR BEATWE 5T, LA 88-ADH )
2 — I B RE — i 1 B LA

|

1t N

1.1 ##

1.1.1 33-ADH #9 K B k& i@ NCBI 3£1% 83—
ADH %i % 3£ K ADH7 )7 51 (GenBank % 5% %5 .
147166.1), ZH4C/E T/ TR (B ) ey A PR 7
AR, 5 v AT 37 S 43 i) T A YDA 8 BamH T A
Sal 1,

112 R & L XA ik pMD19T —simple
pET-32a(+) .E.coli ]M109 .E.coli BL.21(DE3) . ¥
VE# T AE 20 2 DR, 40 B R B2 B ) & L ok
PEEG ) G R MR & BRI N VTR  DNA 2R
A T4 . 5 9SG b -B-D -2k FLBE Y
(IPTG),DNA Marker b5 2 F 5 Marker: 205 B K
A BRA RS W) 5 HA Al 22 1R - 3 o
MgLAREAY TEaN

1.2 F#i%

121 FTaREHEAGHE HTREHUIE,
5K ADHT 5 o4& pMD19T-simple i # | 3k
5 H 4 Fokr pMD19T-ADH7, I BamH 1 fl Sal 1
¥ pMD19T-ADH7 Il pET=32a (+ ) 43 31 Bk 47 X i 1)
Ja , B H A9 A B ADH7 F pET=32a (+) B0k F B,
25 T4 % H T e 4 4 R 41 33K AR pET-32a(+)-
ADH7, FFil Ak : 5 k5 AL K AT E.coli BL21
(DE3) , ¥ 56 AL WUk A 76 & &% 5 & (100 pg/L)
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M) LB FREE 23 b 2 37 C w3 )n , kit 5%
b7 # 47 V% PCR Sk,

W% PCR W, F5E48 95 CHIZS T 5 min,
Z T 94 CAEME 30 5,52 Cil k30 5,72 CHEAH 1
min 20 s, 63 30 X, R 5 7E 72 CHEAH 10 min, #x
J& PCR P=¥IH 1 g/dL 19 Bt A o Jse P Yk AN
122 RBAFE 6955 XD PRICE EH KRB
ki (pET-32a(+)-ADH7) } 78 Bk (pET-32a(+) )
FHVESAL T, 5T 3 mL & 100 pg/L &5
7 0 LB AR 72 5L v 37 °C 200 r/min iz ¥ 55
TR, SRG 1% W R R B B AT KRS 3%
AT B2 A B ODgy fH4 0.6 B fITA IPTG (Z83K
JEH 1 mmol/L) ,JFF 37 C4kLLEEFE 6 h,
123 a@mKReH &5 B & Resie

1) A 3 AR ) ) 59 TR IR S 0 e R TR,
R (50 mmol/L Tris—HCI, 150 mmol/L NaCl, 10
mmol/L, EDTA ,pH 8.0) i A&k T& {4 -4 H vk i 18 75 1
14 min(F 7 3 s, (B % 6 s, P15 350 W), 8 000 1/
min 4 CTF &0 15 min, WM AR TORE , DUTES
A1 380 K U8 % (50 mmol/L Tris—HCI, 150 mmol/L
NaCl,2 mol/L. JR & ,0.5% Triton X -100,1 mmol/L
EDTA,pH 8.0) th it —ik , 4K i — k5 T 8 000
r/min 4 °C &L 15 min, YR UTTE BD Sy 4li4k 1
S3—ADH LIk, I FH 75 Ik JB2 PR 2% 0 5 il R
fiff AL TR R, B0 B WROER AR O A AL H R R
)R T AR

2) H#E Al glifl . 3Kk pET-32a(+) &
A S tag, His tag LA M Trx tag =FHr%E (3L 18 000) .,
YE# LA His tag H2lifbbr %, #E£H 1 mL HisTrap™
excel ZAIEIEFEXT H 198 B BT 0 B alife, B
Wi S 454 (500 mmol/L. NaCl, 10 mmol/L Bk
W20 mmol/L B PR BN G vl , pH 7.4) P,
B 10 mL, FFEFLE R 0.5 mL/min, - 5 544
U Ss A b vk, e A 1S R AR (0 e B 2% o
(500 mmol/L NaCl,500 mmol/L BK 1% 20 mmol/L
WERR A ZZ vhi ,pH 7.4) ZRAEBEEEVEIR A & BT,
VEMETE N 1 mL/min, RS R ICER I R (R
WegE 1 mL), Hlid SDS-PAGE H JkRG: 56 43 B 35 2
124 CZBBLABEEAEN  ADH #1L 2 B A
A T TR NAD 4 J5 8 NADH, %8 T NAD*
A1 NADH 4351 78 260 nm & 340 nm 445 4% H 1) 5
KWW PRI E 340 nm Ab W Y BE 436 i {8 AT

S ADH (35 2

O EN SV SS—ADH (1 il 15 I 72 2 B8 SCRR[11)
T O RS 1R B e, O I T SR — e R R
i) 0.1 mol/L, H Z #2/NaOH (pH10.0) 2% 1 NAD* &
LV WT 25 CIRWE 5 min, LURH PR R Uf B R
BB A B P SRS MR AW i A RS
T 25 CIBE 5 min, ¥ KV 28 1k S I F 43 606 B
THTE 340 nm W EWIEME, W3R 1, WG e L. —1 2O
it it S0t A5 A 24 T 25 °C .1 min %fk NAD*E A% 1
wmol NADH fr i i) i &

F1 ZERSHEEUZE SR

Table 1 Alcohol dehydrogenase enzyme activity assay
system

&M /NaOH (pH 10.0) 3 000
NAD* 24 100
Bl 100 400
it 100

SR FH 2% T H 5 i 1 O s P I R R R R
i LU A ARG LT )

N _ E340X3.6
HACPIE 6.2xE, (U/mg)

1, Ey9:340 nm &b 53 43 %0 W6 A 1 34 KAE S E,
100 L il ¥t Bl 09 B i (mg);6.2:NADH 1E 340
nm B9 Z FE IR S R (mmol ' -em™) 3.6 11
SR (mL)
1.2.5 CEMLABESERAT S EHBWK,.
e al S N T B el S pH T R AR R O (I Y
[l 30~50 °C) .pH f& & PE () Iz & v pH v [l 3.0~
11.0) , & B 52 #£ (0,500 .1 0001 500 mmol/L) il
IR, I H AR X B

T 37 VRS20 2 200 WL B 4 i S5 100
pL A EHREE Y SRR G, R A W Y & 2k
JE 535124 0.500.1 0001 500 mmol/L, K IF A i
F 37 CKWE— & B JF B 100 WL I8 A 0 o )
AW IE T I B A RN AR R R ) R
S AR N R AR AR 2 5 BN I £ Bk B — 3K
H >} 100 mmol/L,

21 BFEZRREHENHERETE
¥ 85-ADH 19 4 4 4 [ ADH7 5 pMD19T -
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simple 2R % 1 |, 5 L E.coli IM109, 1 £ FH 7% 52 F
PEAT RV 56 , 25 S VLR 179 8] —25 1 100 bp K/h
B H Al 5 RN — 20, Iy 45 SRR S 4
JER A 2 I A
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10 000
7000
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250

M. A5 F bR fE DL10000 ;1-2. W] pMDI19T-
ADH7;3. HEEYIH pMD19T-ADH7 ;4. AWl H pMD19T-
ADH7,

1 pMDI9T-ADH7 S E& ] B ik B
Fig.1 Plasmid pMD19T-ADH?7 digested by double enzymes

% & 4] kL pMD19T-ADH7 % 4k E.coli BL.21
(DE3), WAHW T &4 100 pg/L A X HHRM
LB [E A5 355 I Pkt 4k 7 647 18 7% PCR B3HiE
H & 2 AT, A saBE s 1100 bp KN 4547,
it W i 20 SR A A )
bp M 1 2 3 4
2 000

1000
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500

250

100

M ; AT 20 F 5 BB ifE DL2000; 1-3 ;& pET-32(+)-ADH7 T.
TERHEYE PCR 459 ;4. & pET-32a(+) T LB B 7% PCR 454,
B2 IEFEE%PCRyE~YHEKE
Fig. 2 PCR product of engineering bacteria colony

22 KBHEMBESRERFSZHMRK

A (pET-32a (+)-ADH7) F 37 CZ IPTG
(MW E 1 mmol/L)iBS 6 h, X AR VG 490
JHL 200 L 1 3 VR S AL TR AR iE 4T SDS-PAGE HL i
ST, UL 3, AR R, 53X A (pET-32a(+))

FHE, FHYE TR FE 59 000 BF 3T H Bl — 4508t , H &k
PR FEAE T PR TR AR AR h ol e
F/MFAHBEARRITE (41 000) S@Gins
(18 000) 2 A1, 5 SCHR[17 4038 AHAT , IR it w0 45 0 5
PR B 1 2238 7= BARER 1

M 1 2 3 4 5 6 7 8
97 400

66200 <= 59000
42700

31 000

14 400

M. & H i Marker;1.3.5.7: X BB Bk (pET-32a(+) ) & BE
A RN T LRI 524,68 A
W (pET-32a(+)-ADH7) J W W 15 W .4 20 1 40 6 e 1 ik
W AL T A
3 SDS-PAGE HikE it
Fig. 3 SDS-PAGE of 366-ADH in different conditions
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KR FR I PR IR T2 2 ODgo 24 0.6 J5 , W5 S
v BE (IPTG ¥ B 43514 0.05.0.1.0.5 .1 mmol/L) .
S I (5 S IR 3 0 o 15.20,25.30 °C) Ky
Sasfa] (5 S A1) 4 A 2.4.6.8.10 h) #E 4T T 1k
b, 25 5 R BEAR PTG MR AR5 5 2 OF N e
HOmap b s H W E AR S E, A
AR KR A RIR R, NS AR PTG W
0.1 mmol/L i S 30 °C i S E A 4 h,
2.3 E2H 85-ADH By 4k

A0 52 30 2R FH A% 8 1) 7 vk 1505k 25 KL il o, D
Je F % 2 mol/L FR 2R 11 A5 I 1A Pk VA WS Ve 24 R Y
Ji, P 8 mol/L JR R 1 % th il v A A T 4%, SR
W6 R M S A5 B WO B TG . T
VA B 1 AR P R 2 ™ B R R AR T A A
7 A AN AT 3 A e DT S 6 R AR TG VR PR TR I
IR FE B PR 2R L TR A 15 3 T A TR M R A
ToR 1AV P AR

LRSSt HULFIR 20195 £ 3BELETH




RESEARCH ARTICLE

CHANG Kaixia,et al: Expression and Enzymatic Properties of Stomach

Alcohol Dehydrogenase 85—ADH in Escherichia coli

JH 1T mol/L Y PR Z Vs i AL TR 1A, Ko 120 6 TR K
T 8 000 r/min B0 15 min, W FIE RIS A
T P 0 R B, B LGS 7R 0.202 Ulmg, X BG4
TR AR R A B AA7E 2 I AL R R ) B 1 i RS,
DL A F 28 1 0 R A 22 1] 1) Hp (] AR =0 A7 A 2,
17 AR M B R 3R A i A 1 Jo 3R AR AR 1Y [ ol
1T R AR 9 — G 25 K A5 DAGR B AT 4L il 97k 22 30
T B, MR AR A R RN AL, AR
TEIR WCAR T A B S U UL 4, 2F 3 6 (5 4~
14 ) FIPEBL I (55 21~24 ), 0 BIUCAE PN 0 1Y
i AT SDS-PAGE Hi Uk failll | WL 5, 4551 2
ARV RS AT B AR B,

4.0 r
35 |

30 | - N

L |
25 r /
85 20 J
1.5
1.0 [
/
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4 HisTrap™ excel i+ & i B L
Fig. 4 Profiles of HisTrap™ excel chromatography of

proteins extracted from recombinant strain
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97 400
66 200

42 700

31000

14 400

M. 81T Marker; 12 0 52 - 2838 0 3. U 0
B 5 ZiERSE 65-ADH 4t 58 SDS-PAGE H ik
Fig. 5 SDS-PAGE of 866—-ADH after purification

24 ZEEBEMmEMERNREZEER

XF 88—ADH 14 1 P i A7 A6 I - %o I g 2% 1 o
HEATIFGY , 45 R, 4lifb )5 B % oy 2.085 U/mg, F)
FHR [ BE 19 215 (1.3.5.7..9 .10 mmol/L) A JEY),
SR FHOBUEN BOPE B3 (B 6) ird3 5 #2°4 ¢=0.003 16+
0.089 84x(r=0.997 0), K15 88-ADH fJ K [C# % K,

7 28.43 mmol/L,V .. & 316.46 pmol/(L-min)
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Fig. 6 Lineweaver—Burk plot for Km
T X 83—ADH P Rs2m LI 7, 1 25~40
CYL N, 83—ADH HY {5 P Fifi 3 il K2 B9 T v 107 46 1
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Fig. 7 Optimal temperature of 66—ADH

pH X} 88—ADH R i /1 ity 52 e WLl 8, 4 pH 3~
5 SR B AR B TE Y 10% 454, Z A b
pH W7} &, B IS A ASWT 17+ pH 9.0 B i 176 35 21 i
KA, >4 pH>9.0 B 1% AW T K, Alberto Moreno!!"!
MO RGBS 23 28 31 ) 88—ADH Heili pH k1 9.9, B
& pH MR REREE IS AW T R, 5 AR5 AL
i,

SO [A] A AR A4 il 9 (pH 9.0) 76 30,40 .50 Cif
W, 3T 15.30.60 .90 min B HORE F 46 0 i35
PLoR TV 1 B 05 O 100%4E &, sl 9 fir /R , 88—
ADH 116 A8 fb B I AR — 3, FEIRVA 15~30 min
I BTG T FEFC ;78 50 CIRLA 60 min J& , AH Xt il
2N 47% , £ 40 CHR A 60 min AH X [ 1% 4
55%.
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Fig. 9 Effect of temperature on the stability of 66—ADH
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MR AR WE 10 Ui 8 88—ADH 7EANIE] pH
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pH 6.0~11.0 i [ /A i 3 0 A85E s pH 10.0 1 Bl 3% )
e s pH 5.0 50T A X EEE R 60%; 7€ pH 4.0 LA
RIS B

HAH [R] 1A R A B8 W 7R 0.500,10 00,1 500
mmol/L LT 37°CH#, T 10,2030 min W MU
KBS . an & 11 o, 7E 0 mmol/L L 37 C
MV 30 min (9 85—ADH Y AH X i 1% R 65.6% , 7
500 mmol/L. ZBEEH IR 10 min J& ,88-ADH A9 AH X}
fitg 36 T K% 2 95% 7247, WA 30 min Ji AH X I b
51.1%, #£ 1 000.1 500 mmol/L Z B+ & 10 min
J& ,33—ADH FE T B2 60% 2547, b 1R 7% B 8] (1)
FEARC Tl N B R 08 IRV 30 min J5 AR X i S
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Fig. 10 Effect of pH on the stability of 66—ADH
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Fig. 11 Effect of alcohol on the stability of 86— ADH
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