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Abstract Alcohol dehydrogenase (ADH), usually using NAD' and NADP" as coenzymes, widely exists in living organisms, It
plays extremely important roles in growth, development and stress resistance in plants. In this research, we used diploid Lotus
japonicus MG20 (originated from Miyako Island of Japan) as plant material to identify the characteristics of alcohol dehydrogenase
gene. Based on the conservative sequences of ADH, The ADH homologous gene was cloned from Lotus japonicus MG20 cDNA,
whose full length gene was 1 143 bp in length encoding 380 amino acids. Homologous analysis showed that the amino acid sequence
of the cloned gene was highly homologous with plant zinc-binding ADH family proteins. We have this gene named as LJADH1 and
ligated the gene into the prokaryotic vector pQE30 and yeast expression vector pYES2 to make the recombinant vectors of
pQE30-LjADHI1 and pYES2-LjADHI,respectively and then were transformed into E.coli M15 and yeast INVScl. Under the
optimum conditions of expression, the His-tag fusion proteins were highly expressed with 1.12 mg/mL in E. coli and 48.2 U/mg
ADH activity examined by the method of Vallee and Hoch. We found that LJADH1 over expressed in prokaryotic cells can increase
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the recombinant strains’ tolerance to H,O, stress, while LJADH1 expressed in recombinant yeast can promote growth of the
recombinant yeast under the stress of H,O, and some heavy metal salts such as CuCl, and CdCl, except for NiCl,. In this research we
have preliminary clues that LjADH]1 is a member of zinc-binding ADH family proteins in plant and that has some functions for

resistance to abiotic stresses.

Keywords Lotus japonicus; Alcohol dehydrogenase; LJADH1 (GenBank Accession No.: IN165714); Prokayotic expression; Yeast

expression; Abiotic stress
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Ll =5 (Aegilops speltoides). 7% (Vitis vinifera).
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.MATAGKEVIKCRAAVAWEAGKPLS IEEVEVAPPOAMEVRVEILYTALCHIDVYFREARGOTPVFPRILGHEAGGT
MATAGKVIKCRAAVIWEAGKPLEIEEVEVAPPQAMEVRIKILYTALCHTDVYFWEAKGOTPVFPRILGHEAGGT
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Figure 1 Homologous analysis of amino acid sequences among plant ADH family
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Figure 2 Phylogenetic tree of ADH in plants
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h TAEANRIE H KR QI AN, ATRA T H
HI H T E A BURIA 1) J5U% R IA 804K pQE30. HAF
RUEH 6 MIERANL, 5 HIRIEE AL,
PR S IR (1 g i 4 FH v] 20m Ho 9 Talifb iz i, A
Tz N T & MR R R A% R IA (wang et al.,
2010; liu et al., 2011). AWFFCRIEE T JRAZLKIE TkE
pQE30-LjADHI, iZ itk £tk BamH [ 11 Sac [ XUk
DIJa, SERERER vk % e g 3] —4% 3.4 Kb Al
1.1 Kb K/NMEABL(E 3), 5 pQE30 M HFERH ¥
FIR /AN —5, UEWIABEITIE# T pQE30-
LjADH1 FRikH k.

1.3fhA R B 3RIE BOR FE 8

h TR IR A B AR A B b R O, AT
¥ PpQE30-LADH 1AL KT mMIS TR AR, KRl
B ATRIEFAFAT T 45K, B0
KiAEIPTGI 53 74 T A E A, AT A]
PIEK:, FALE RIS R IR K, &t
FAFELE, AT H EA A RIS G5 FIPTGIK
f£50.1 mmol/L, ¥ K30°C, 7 FH ML
180~240 minftf, 558 MR IA R B AEE4).
ali {1 @b A B Al 0 BCA & AWK E I
6xHis-LjADH 14 [k & 4 1.12 mg/mL.

4361 bp
3 400 bp
2322 bp
2027 bp
1143 bp

| 3 pQE30-LjADHI1 FA )ik BamH 1 F1 Sac T XUH§H) 4 E
M: L DNA Marker; 1: BamH I #1 Sac I X §1) pQE30-
LjADH1;

Figure 3 Recombinant plasmid pQE30-LjADHI by restriction
enzymes BamH [ and Sac |

M: A DNA Marker; I: pQE30-LjADHI1 double digested by
restriction enzymes BamH I and Sac |

M 1 2 3
97.4 kD - -
66.2 kD~ =
43.0 kD~ i
31 kD B

P 4 7 0.1 mmol/L IPTG 5 3 [A) B B2 175 3 ik il & B 1 1Y)
SDS-PAGE Hik &l

M: /N T-EE AR Marker; 11 RESEAEA; 2: 30 min
PRHEA; 3: 60 min P FEH; 4: 120 min 3 EH; 5: 180
min - FH H; 6: 240 min & H; 7: 300 min 53 EHA; 8:
360 min 535 [

Figure 4 SDS-PAGE analysis of fusion protein expressed with
time gradient under induction of 0.1 mmol/L IPTG

M: Protein molecular marker; 1: No induction; 2: 30 min
induction; 3: 60 min induction; 4: 120 min induction; 5: 180
min induction; 6: 240 min induction; 7: 300 min induction; 8:
360 min induction

1ARLE R FBRVE W 8

AT THEN AHIF 7 S AZ A 1) B 1 A — AN AUl A
LA F BC#) FIVE #7723 (Vallee and Hoch, 1955)%] & [
B BEAT T W05, 00 s P 1) JRUEE 2 %5 T NADH
HINAD7E 340 nm & 260 nm 4047 % [ 111 5 KR
I, >4 NAD #540 i NADH I 23 % A RO B2 1484k,
T W ' T A8 A (BRI A S 1 ) 3 B L, PRT
LL NAD' Jy fifi i 1) 25 Bl it SRR A8 T3l 340 nm
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KW OIS, RO EETE 340 nm A WE AR
(Bl 5), UEBIAE R AR T I8 )5 PERY) NADH,
F317E 340 nm HHILBOGSE, W3 LjADH1 SBEA
FEAE 2> BHROG BEAS 4K A 0.108, Mt 2 1 it S i i
W E AR, Umg=E140%3.1/(6.2XEy). Es A
340 nm A& 5 min WO FEROGEESE K H.47(0.001),
Ew b & = 7+ B B v b 5 1 1) T B (mg) WU 15
LjADHI1 fi& % 48.2 U/mg.
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Figure 5 The absorbance of recombinant fusion protein at 340 nm
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Figure 6 Effects of H,O, on the growth of recombinant E. coli
M15 strain

RIXRG A K (Liu et al,, 2010, Wang et al.,
2010) » A WF S0 £ T 3 R% K IA #1K pYES2-
LjADH1, ¥ ¥y % ) pYES2-LjADH1 3 ik %% 14 J1]
BamH [ FiXba [ AT XUEGD), SilpERER H vk 4 e
WIR—45.9 KbFl1.1 Kb Bt(K7A), SpYES2LL K&
H 3L 7 50 Kb —380, RAT R IEM A E T
pYES2-LjADHI A 84k . K R I8 H AR AT 13 7%
PCR%E, RUFRIBBAR I NI (E7B).

LTEZRIERLJADHIE Btk 4T

H T WIFTLJADHIAEA [R]85 B T i D RE,  ASE
Ko ¥ 5 47 pYES2-LjADH 1 M pYES2 () i £} 1 (B 7k
X ) AAS [ B2 3 Sl 15 5% T R0RES D7 VA T A 40
ANFS B AL B Y PGRE SR EE R, XS HEAT HLId I (AR
Ay W38 HEAT o A (BEI8) . AR R, pYES2-
LjADH1 5 21 F REFIp YES2 [ RF 11 7E T 100 1% Adb # 11)
YPGH; 77 B 5 A F AR KAB S AL . #E10 mmol/L
CuCly» 100 pmol/L CdCly~ 150 pumol/L CdCl,Fl
3.5 mmol/L H,O,["J}i FpYES2-LjADH 1 5 41 [
BRI R 0F TpYES2BE R IR« T {E 1.8 mmol/L
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M 1 M 1

6557 bp 5000bp 6557bp
2322bp
1100bp 2027bp
1 100 bp
561 bp
561 bp
A B

& 7 BamH T H1 Xba I X H 1) % & %R L84k pYES2-
LjADH1

A: BamH [ M Xba I XU V) % ¥ pYES2-LjADHI; B:
pYES2-LjADH!1 H 4[5} B 1) PCR %58

Figure 7 identification of eukaryotic expression vector pYES2—
LjADHI by BamH I F1Xba I double digestion

A: Identification of pYES2-LjADH]1 digested by BamH [ and
Xba I ; B: Identification of recombinant yeast pYES2-LjADHI1
by PCR

NiCL{Z R A B . CdMCu* 2K EE 8 & 15 ik
(e g T4 AP, X U LJADHLE R 3R A 1 £
T R 0 L S Pl 3 b o) T BRI A K LA — e L
WAER . #£3.5 mmol/L H,O,ift ', pYES2-
LjADH 1 521 e REAC H Al B 2 4 T pYES2 B BE TR
X B ) 32 U W ADH B — & BT AE A Y0y
BB . CE VIR ADH AR iE S 8t
PR B, (Rl R I ADHIF A REde s 1)
Puwitk(Ismond et al., 2003). YARLjADHI (KX J5 1
TR A A Tk

21k
AR, BATN A5 H KARMG20 5 Fh b v
T CBRENEREEED, T A A I R R — T i
RIS T . AT TR Hidy 44 A LJADHL.

FEASZK F, RATH LJADHL JE K& 5] pQE30 &
HRIBEMAI N F 6xHis hrs, ALEE T4, 8
T Ni'-NTA B4l TR K sl i) AR AR 1 2
Fo FIH BB ANE R0 B RS EAT THllE, K
LRl B B A RO & SR . X
LjADHI1 £ A 5Pt #rh &I, LjADH1 it
wRILE, EHRKAERREH B TRRA, X
R Rl G B A A R AR P 0 R OA R R I R )
PraauE . [RIE, FATT A LJADHL JEPRI%E 42 pYES2

E F

K 8 R MEAEAEYIMEG T pYES2-LjADH1 21 B RE R (13
RRIE

A XTIBA, RIS 544k pYES2-LjADH1 Fll pYES2 [+
WG TE YPD Bi Rk LR KRB B~F b 2 i e b
pYES2-LjADHI fl pYES2 BERER I, 43 BIAEA N 10 mmol/L
CuCl,, 1.8 mmol/L NiCl,, 100pumol/L CdCl,, 150 pmol/L
CdCl, Al 3.5 mmol/L Hy0, S5 5 Ab 5 1) YPG 15972k E 1)
AR

Figure 8 Over expression of pYES2-LjADH1 under different
abiotic stresses

Note: A: The controls, Yeast cells harboring pYES2-LjADH1
and pYES2 vector, respectively, were inoculated in YPD
medium, growth was 2~3 days at 30°C; B~F: Yeast cells
harboring pYES2-LjADH1 and pYES2 vector were
respectively inoculated in YPD media with different
concentrations of 10 mmol/L CuCl,, 1.8 mmol/L NiCl,, 100
pmol/L CdCl,, 150 pmol/L CdCl,, and 3.5 mmol/L H,0,,
growth status observation after 2~3 days incubation at 30°C

BRI NIERE, fERE R RN, K
WA 10 mmol/L CuCly. 100 pmol/L CdCly+ 150 pmol/L
CdCl, 1 3.5 mmol/L H,0, il F, pYES2-LjADHI
TR A T pYES2 BERE. 1 7E 1.8 mmol/L
NiCl, MHE4PE T, EALFRERES 500 e 2 AN I
XU B LJADHL BE A 215 1) £ 1 ot S0l A S A e
R I RE ) AR K B — e Pl . BAT TS
WA U] LJADHI {22 — M4 & I I U 5 5
e S P S SRR ETIE (RSBt )17 S ER )

3MKLE T

3.1t AR

T ik (Lotus japonicus L) MG20 Fh -1~ i1 77 1l K27k

BN L R P S M R R o S A R D S

TRAF o AR 72 25 K b i AE 30°C I =5 5%
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FE24 h WK, JEIRETR AT RER 2] 5x7 cm [f14
Wb, eI 12 hd, BEFEEIE N 26°C, Bi9E 144 G,
H A bk 25 1

KIGAFRIM109. FEERERARINVScl (Clontech). E. coli
M15. pMDI18-T (TaKaRa). i {% 3 1k 44 5t ki
pQE30 (Qiagen) & % RE#K 1A f&pYES2 (Clontech)
39 E AR AR AR b K 27 5 ik s 2B 4 % U5 PR B 9 rh
Peft, PEEIPEANYIEG. EX Tag TM. T4 DNA %4
il A 887 25 (Kana) 55l S 57135 H Takara 23 ) o

3.2 cDNAZKTS . N5k K P54 #7

AR B RNA UK F Biozol RNA/IN & 42 HUR 5
f(Biomiga) 1T . H IKRMG20/¥ cDNAK HRNA
kit (AMV) Jz % 5534 7] £ (Takara) il )i RT-PCR V2 3k
73, RT-PCRFE/F430°C, 10 min; 42°C, 15 min;
50°C, 15 min; 55°C, 15 min; 60°C, 15 min; 90°C,
10 min; 5°C, 5min; #EAT30MEHR.

B TR 50 I ADH P 215 ¥ ik 7 —XFPCR
504, E W51 A 5-TAGCTATGTCGACCA
CAGCT-3', T390 5-AACTCAGTCCCCAAA
TAGGG-3's LA BKHEMG20[{ cDNA K 14, PCR
SN AEE 495 CTiAEYES min; 95°CAE1E30s, 52°C
IBk30s, 72°CHE{H2 min, HEAT30MN S NAEIR; 1R
JEET2°CZEM10 min. PCRF=YILE 1% IR B EE
HLYK30 minf5, SAMT NUIHCE A H 1y Bt .
Ji& TR i 5 4646 5 I PCR 7= ) 3 32 2 pMD 18-T %
1, AL AT EIM109, %o BHE 7 B BEA T 0 (1
RIEEM ), AENCBIAE A H AT AALPE Ll X,
LI BE R R B A

3IRILR B E A B

FF Primer Premier5.0 #XAF ¥ v B35 4R R iiE 51
Y, HFE LS I En L BamH T BEVIAL S, fEF
W n L Sac 1 A7 k. Bi#F5 140 5'-GGGATCC-
ATGTCGACCACAGCT-3' ( F&I% % BamH I {7
&), TSIl 5-CGGAGCTCACACATCATT-
GTTTTTG-3" (F R4 Sac [ 47 55) . LA 3844 N
PR, BEFT PCR &, PCR [T A 95T Hids
PE 3 min; 95°CAETE 30s, 54°CiE-K 30s, 72°CE
2 min, AT 30 R NAGFR s 55 75 72 °C LEAH 10 min.
[ PCR P24 9F %425 pMDI18T #fk, FA1# A

% 4 pMD18T-LjADH1 , #Giik i N IM109 B #k
B PCR DAY %8 Je, SR HCEAEUA TR &
pQE30 #ifA, FIf] Sac 1 A1 BamH I BRI 4 kg 7
MBEATREY), IR ERLS] pQE30 #ifk LAk
pQE30-LjADH1, #:ALZI KT E IM109. FEHLEK
TR, $2HUFR DNA, ] BamH [ 1 Sac I X{
B D)4 8 AL K IAAT B MILS B R

3ARLE R H BB R RIE IR E N €

¥ & A EALTOR pQE30 1 KA B M15S B v 4%
FhEITHUERT TR T, 37°CHRZ R R B 200 pL
SBT3 MBS PR S mL LB ik ES
FREEMREWE T, 3TCIRGRETR, MBS R 4L
K ODgpo=0.6 I, MIAZHKRSEA 0.1 mmol/L [
IPTG, 37°CHe%¥i5%, WATRLA B A RRIA;
BT E S 2 0 min. 30 min. 60 min. 120 min.
180 min. 240 min. 300 min A1 360 min I, WCEEH
;14 000 r/min 4°C B0 1 min FW, F EISW,
I PBS EH&VEUIE, FIIASEEN 2xSDS |
FELEM, 100°CASYE 5 min, T¥K FACE 5 min )5,
13 000 r/min 4°C 0> 5 min. BLZ) 20 pL ) _E3RAE S,
47 SDS-PAGE Hi¥k o

B TR FE DI R FH BCAYE (Walker, 1994). 37.5 uL
8 mg/mL BSAMNA262.5 uL MR (ddH0) sk
FUM300 pL (BSA: 1 mg/mL), HU150 pLiE £L 45 LAk
T . F3FIBSABRUEA LS00 pg/mL. 250 pug/mL.
125 pg/mL.62.5 pg/mL.31.25 pg/mL.15.625 pg/mL
17813 ug/mL. LLddH,O 4R, ZE 66T
M ODsos. A4 2LAL I Rl& T ARRE . BF W BE FE bR
HEF A H100 pL, 52 400 L% 5 o2
(Coomassie Brilliant Blue, CBB)/E 5. LAddH,O 4 %}
W, AT IODsos; B — Wik fE 34K

3.5/ & & A EHE N E

T S v P ) SR FH PG RN k923 (Vallee and
Hoch, 1955)JFftneksh. # 150 pLAEREmRhZEm
Wi, 50 pLJEKWIVEHORT 100 pLAHAS 1 380 A\ ke
th, BT 37T°CHEEKAT, I RS v B
10 puL, SZEPERT, 7314 5 minN, 4B 1 minik
HU 340 nmAik (WG RE B 2 45 20 PO BE S RAEIA
FFEE N 1L,
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3.6 ZRA BB T

J5 K% BU R 43 BT 4% BE Echave 25 1) J7 ¥ IF RS 4 4 5)
(Echave et al., 2003), #5705l A BALLL AL
pQE304 344 #)2.5 mL E. coli M5/ 15 9% 4
ODg0~0.3, JIA22.5 mLE4 100 ug/mL Amp#i125
pg/mL kana (1) LB ¥ 4 35 75 5 DL & &9 2 R 0.1
mmol/L I IPTGHf B A B 101855, I B A i 7
WAL, 4l AN ZR N T mmol/L 1) i
H,0,, 55— HAEAIAE XTI, 7E30°CHREIR T
U, B30 minll & HODggg, LA 5 % ] 1) Bt
BRI AE R

3. T RER BB Ak M B

R 408 AHIF 7 70 2 1 LjADHL 3 DR B 56 3 51 4 JEL AR
wit gy, L5149 5-GGGATCCATGTCGA
CCACAGCT-3' BamH 1), Figl#: 5-CG
TCTAGAACACATCATTGTTTTTG-3 (Xba 1), *
pMDIS8T-LjADH (f§ V)47 25 BamH 1 FiXba I )F1
pYES2# 44> il liBamH 1 FiiXba I XUEEY), [N
BN Y)Y, ARG 4 N pYES2-
LjADHI . ¥ BHEAL R FHLIAc/PEGAL #7411 (Gietz
et al., 1995)¥4 14 & &f [ FUR pYES2-MGADH 1 %
ApYES2 5 A\ BEEREINVSCIH

3BEMREEB IS

0 5 e N 41 Rl p YES2-LjADH 1 Al /A p YES2
INVScl .5 % T-SC-URs 23, 30°CI ks 7,
2 REAE K EODgoo~0.61, 1 BT YPGR; 773
SRR R0E . 1075, 10715, 1051107
%, 43 MEpYES2-LjADH1 FI# AApYES2 1074
10245, 10745 . 10745 M0 e BE R, A
WPEELS uL, 435 AAET 10 mmol/L CuCly+ 1.8 mmol/L
NiCl,« 100 pmol/L CdCly+ 150 pmol/L CdCl,F13.5
mmol/L H,O, [ YPGH: 773k, 30°CH: 2 d.

Y& SRR

B WIS 2R AW L9 B RSB TR AT A
W55 RATERI S 5 58 i o, W SCHIRRI S48 J5 e
I H st SRR, BdEabr, w5k
LB B I R R R & R SCA

B
AW H B HE S 3R (2007BADS9BOS) 1 % )y . VE#
JERU AR LR DR 27 5 % 8 PR 352 A7 0 v S SR T

AL R S SR SR L P B 44 O
VSOV AL SURE R A SO T A58
5 BT AL RV 5T BB ATy it
UGS AP 7 107 B R SRR o 4.
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