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Abstract A full-length betaine aldehyde dehydrogenase gene sequence of Sesuvium portulacasirum was cloned
into the high expression vector pPGEX-4T-1, and named pGEX-4T-SpBA DH. The GST-SpBADH fusion protein
was expressed induced by IPTG. The expression conditions such as IPTG concentration, the bacterium concen-
tration, induction time and temperature were optimized. The results showed that the expression level of GST-
SpBADH was increased by accompanying with the induction time. In the condition of 37°C, ODgy is 0.6 and
cultured 5 hours, GST-SpBADH fusion protein reached the highest expression. 0.2 mmol/L concentration of IPTG
can induce GST-SpBADH expression effectively in Escherichia coli expression system. The aim of this research
was to analyze the function and salt tolerance mechanism of Sp BA DH gene.
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W U BRI N 32 5800, HAE MK AR KA
Bih A RE RAFA, 2 — A5 sh A i Eh LR
(ELARATRL (M e 5, 2010) . B SEBRZ A 7R N —
Tt S AR AP AE ) NG T B T T . EH SR B
AR S BT R, PUE ST R E E AR,
ERHAR 2 ARG AR (g R g Mt e, TR TR IR FRES
4 # Z{F H(Huang et al., 2000; Nishiyama et al., 2006;
Yang et al., 2008; Chen and Murata, 2008; Fu et al.,
2011; Fan et al., 2012),

FEREYA A, B SE0R AR A, 2 P00 AL
B B ZBEAE AR — T B Sem i — H 2R A 5
Bk, G H R i i 59 (betaine aldehyde dehydrog-
enase, BADHase) & T S0 i S Ak A2 7 i 3 Bk 1Y) O gt
Bl o B i S0 (BADHase) J& T 18 i &0 55 5
10 (ALDH10), 4% & 5 5 & i 5 A6 1 3h A8 P45
HAl, CrEZ A T 5o S BADH 2 [K], JF Rt
HNFEY T, DR s YR Sl .

AHIE ST T R v B R T o I SR A L
(betaine aldehyde dehydrogenase of S. portulacastrum,
SpBADH) F:RK7E R AL A WHRIE R Gk A7 RIEHE A
J55 SpBADH #h A ik K H e R A AT R
b, | #13 LA i SpBADH I 1E R A% R 4t Hh i 0K
%, 9 SpBADH Wik — 35 SUA FI A Wi PRI 55 B it
R NSEIBU RO IN Wi TS

1ER551Hh

1.1 SpBADH EFMREMEAREFFEHNFIIEE

515 RNA 13RI 2274 (2003) Fl i
&£(2008) () 77 15, HE H B RNA, 1% 3528 1 350 i h et
FAG I, 25 53R B, RNA 457735 48, H 28S rRNA 5
18S rRNA Z Lty 2:1, 77 547 Z 18 TRoR B 4, Ui B
RNA 728V 1). DU EE S cDNA gt
B, F SpBA DH BRI (1) Ll A0 R Uies 5 51 09 3%, 49
Fl—% 1500 bp e fike ok (B 2). K PTASRE 5%
W4 1 %I IR FEEERS VK S RIS At N T #idk, I
BN K AT 1 20 1 PCR ARSI 35 B S 2 7 g 3 AT
DR . W PP 4% SR 2 NCBI i) Blast 238, 71815 3]
(1) SpBA DH JF- 51| 55 g 1 1 Tt = i ek ot S P 2 R A AL
P4 100%.

1.2 SpBADH EE R BHEFFRIZHEMEE

KA SpBADH £ v Be pMD18-SpBA DH 1]
JFRL A1 pGEX-4T-1 43 A | BamH 1 1 Sal T X
U, B B BCER I gf i e . R AL

2 000 bp
1 000 bp
750 bp
500 bp
150 bp
100 bp

K 1S RNA

7E: M: DL2000 marker; I: RNA

Figure 1 Total RNAs of S. portulacastrum L.
Note: M: DL2000 marker; 1: RNA

M 1
2 000 bp

1 000 bp
750 bp
500 bp
150 bp
100 bp

¥l 2 SpBADH 1) PCR 41

E: M: DL2000 marker; 1: SpBA DH
Figure 2 PCR amplification of Sp BA DH
Note: M: DL2000 marker; 1: SpBA DH

DHSa, 3 E|H 4 pGEX-4T-SpBADH JFiki, ¥ PCR
P3G B BEE KL 22 BamH T A1 Sal T XU %5 € B i)
RRTAHAARIETR(E 3)o BTSS0I BA M v B AT I
¥, GERIGUE T SpBADH K ) 5E 1) ve B 3| T 4%
1 pGEX-4T-1, it W] RIE 84K pGEX-4T-SpBA DH
F R R Ty o

1.3 =40 SpBADH EF T REEHNHE R BHWERK
Fix

¥ H 4 5k pGEX-4T-SpBADH Fl 2= #i 4k pG-

15 000 bp
10 000 bp
7500 bp
5000 bp
2500 bp
1000 bp
250 bp

] 3 pGEX-4T-SpBA DH 1] PCR FHREGFU] % 52

7A: M: DL15000 marker; 1: BV %7€ ; 2: PCR £ 58

Figure 3 The identifications of pGEX-4T-SpBA DH by PCR and
restriction enzyme digestion

Note: M: DL15000 marker; 1: Restriction enzyme identification;
2: PCR identification
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EX-4T-1 4> 5 %:1k BL21(DE3) % ik Fikk, 70 B ELE
JE IE T 1) pGEX-4T-SpBADH H1 pGEX-4T-1 [H £
o BT B VR RE FR . B LA 1:100 ERABI D GET
AR LB 55 37 F th B 9%, ODg=0.6 B, 2 Hlm A
0.2 mmol/L IPTG,37°C#'F 6 h, FLAFEFE B &
NFE S, PAARTE S 6 BEFE &, 12547 SDS-PAGE
Hi¥K . SDS-PAGE HLyK 25 W A% L W i e 4, 7
PLUE B HE 20 BL21(DE3)RIAW A T /5 0 l7E 66 kD
125 kD b — B E AT, X SIRATII
i BADH A1 GST B K/N—5t, 1B E A1) pGEX-
4T-Sp BA DH Jii ki G 7£15 - B BL21(DE3)H & ik,
T2 E R BRI B I B E R 31 R 43 okt
P ILA 4).

116.0 kD —
66.2 kD — -

45.0 kD —
35.0kD —

25.0kD —

18.4 kD —
14.4 kD —

Kl 4 SpBADH 7E K #T 1% i 3R 1A ¥) SDS-PAGE 4 #T

VE: M: B EH R T B 1 D8R pGEX-4T-1 K% T H A
B 20 B pGEX-4T-1 5 S W 4R &£ 5 (1; 3: SpBADH
KBS W TE RS E (1 ; 4: SpBADH i S kM E A

Figure 4 SDS-PAGE analysis of SpBADH inducible expression
inE. coli

Note: M: Protein molecular weight marker; 1: Total protein of
pGEX-4T-1 in BL21(DE3) without IPTG; 2: Total protein of pG-
EX-4T-1 in BL21(DE3) with IPTG; 3: Total protein of pGEX~
4T-SpBADH in BL21(DE3) without IPTG; 4: Total protein of
pGEX-4T-SpBA DH in BL21(DE3) with IPTG

1.4 E48 SpBADH ER T EFHF S LML

X #H 4 pGEX-4T-SpBADH [ T.F2 B 3R 1L %
SE&MRTRA, HEHEATREERSENES
A, N ER A AL RD A 0 T R 56 B s A

()& IPTG Wk JE . X E4H SpBADH Kt 15
Fk TR AT IPTG 5 SIRE AL, BULREE 6 /4
WEBLE TS R B AATIRE, JF4 SDS-PAGE #Ei
WK, 75 Ty B i e R0 i € o i o SRR H R
HRARE, HHFRILAERSE PTG W RGN,
MEAREZERE S). g5 RULHES SpBADH K
M IZRIE RS IPTG IR R RAH AR, TR

M 1 2 3 4 5 6 7
116.0 kD — =~ aa
66.2 kD —| == o
45.0 KD —| v

35.0 kD —| = '
25.0 kD —| =

18.4 kD — =

w1~ SR E RS8N

Bl 5 37°C R il IPTG K

W M: B AR S T EbRiE; 1~6: pGEX-4T-SpBADH 43 il 1E
1.0 mmol/L, 0.8 mmol/L, 0.6 mmol/L, 0.5 mmol/L, 0.2 mmol/L
A1 0.1 mmol/L /) IPTG % %'F F B RS H; 7: pGEX-
4T-SpBA DH K15 55 B A S 8

Figure 5 Confirmation of the optimum IPTG concentration at
37C

Note: M: Protein molecular weight marker; 1~6: Total protein of
pGEX-4T-Sp BA DH in BL21(DE3) induced with different concen-
tration of IPTG 1.0 mmol/L, 0.8 mmol/L, 0.6 mmol/L, 0.5 mmol/L,
0.2 mmol/L and 0.1 mmol/L at 37°C; 7: Total protein of pGEX-
4T-Sp BA DH in BL21(DE3) without IPTG

WIEAF IPTG IRE MR B R EZRALE, BT HIE
IPTG X B ARAREFHIEM, Pl fE IPTG KE
4 0.2 mmol/L.

QA SRR A K& N EH SpBADH
KT B 2% 1K T AR 3T 55 AL 4 ODgo i1k, B 6
AN IS ODgp 0.2.0.5.0.6.0.8.1.0 A1 1.2 5 5 ) T2
W 4 E AT HIRE, BOM R & A R 4T SDS-
PAGE $E/% HL K, 183 25 1 17 s i g e 0 i gk 47 43
Bro MR el LA B 4K AT %08 TR E A
FHEUH ODgo N 0.6 B FRIA = INIE B =, BEE
OD [I3G N T8 B 1) 3R 0 5 A BT on, (EL I 52 %2
FZ(E 6). RIS B K AT BRI TR i 5
4611 ODgo 1 0.6

Q) ESE FRE . XNEA SpBADH KIGH ##R
X TREEETESERERMA, IS ANERE 37C,
33°C.30°CHI 28°Cifs 31 TR B & 25 LIk AT il kE, X
MR BEIFE HHE1T SDS-PAGE B Bk, Bl
Hr e W G R B AT 20 M . B KT IRk T
FEWTE 37TCTIESEAREER A, (EHMIEER
TREEEHESERENE 7). KR KT E R
T 5 BL21(DE3)/pET-SpBA DH 115 F 321k 1) e A
N 37°C,

@ EAEFE R . EARAEKZE ODg=0.6 i,
] B R 0 0.2 mmol/L IPTG, 43 I 1E 75 5 AN i
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M 1 2 3 5 6 7 M1 2 3 4 5 6 7 8
116.0 kD — — = 116.0 kD —
66.2 kD —== ! 66.2 kD —~=
450kD —- g o - 450 kD v - w
350kD — &= T 1 35.0kD — -

L -

25.0 kD — - — 25.0kD —~
184 kD —Sw 18.4 kD -~ :
14.4 KD —W - - 14.4 kD 4~ “ ‘ !

K 6 37°CIf e G T4 E K&

VE: M: 2 A 4> T 248 UE; 1: pGEX-4T-SpBA DH A7 5 %f
W AR B H; 2~7: pGEX-4T-SpBADH 43 I TE ODgy 18 M 0.2,
0.5,0.6,0.8, 1.0 1 1.2 I £ IPTG 5 S B 1A &R A

Figure 6 Confirmation of the optimum initial increment seed age
at37C

Note: M: Protein molecular weight marker; 1: Total protein of
pGEX-4T-SpBADH in BL21(DE3) without IPTG; 2~7: Total
protein of pPGEX-4T-SpBA DH in BL21(DE3) induced at different
ODgy (0.2,0.5,0.6, 0.8, 1.0 and 1.2) at 37°C

M1 2 3 4 5
116.0 kD == =
66.2kD——B:ﬁ.—~;
45.0kD e B 54 84 BB
350kD |— 52 v= o= =3
o o o4 ee
250 KD —wwr = 7 T 7T
18.4 kD —|wem
144 KD e W8 &4 =

Bl 7 AT SR

W M: B AR T B AE; 1~4: pGEX-4T-SpBADH 43 5 1E
37°C, 33°C,30°C 1 28°C T4 IPTG ¥ S MBI A B EH; 5
PGEX-4T-SpBA DH A5 3 %f HE B M4 s R

Figure 7 Confirmation of the optimum temperature

Note: M: Protein molecular weight marker; 1~4: Total protein of
pGEX-4T-SpBA DH in BL21(DE3) induced at different tempera-
ture (37°C, 33°C, 30°C and 28°C); 5: Total protein of pPGEX—-4T-
SpBADH in BL21(DE3) without IPTG

5] J5 B SDS-PAGE K 04, 5540 KT i
FOL TR 5 h Ik &5 ey, BEAE 1] 1 39 00
TR R E RIA A (K 8). PRx) A KT
W Ik TRE R 75 3 [ B M 5 he

23tig

F P 2L IR 1A 42 90 AT AT S AR A 7 R A
JREE R R 2 — o G2 i ARG A 5
FEIIE T RV 22 ORI LR 44 B B 12 (10 A 3

K 8 37°C fie {75 I [H)

M B A T BARUE; 1 pGEX-4T-SpBA DH 5 5 5t i
B S 5 2~9: pGEX-4T-SpBADH 43 #AE 1 h, 2 h, 3 h, 4 h,

5h,6h,7h 8 h £ IPTG ¥ 51 B A 4 B 1

Figure 8 Confirmation of the optimum induction time at 37°C

Note: M: Protein molecular weight marker; 1: Total protein of

pGEX-4T-SpBADH in BL21(DE3) without IPTG; 2~9: Total

protein of pGEX~4T-SpBA DH in BL21(DE3) induced for differ-

ent time (1 h,2h,3h,4h,5h,6h,7hand 8 h)at37C

Rt AEDLEZ B P, RE A R B ERIE
FETY)TORYE R A0 B P B A B Th R, 2
M A) o AEVF 2B R I, Bl SO e BRAR 1Y)
BN F53E 719 i (Lehmann et al., 2010). 18
YITEIE R AE K KT, R E M ik WA R =R
T 24 52 BB B, B SRR I e .
TRISEBAEE D RN KER BEAS R faE, [Fn
REAE 5 LD RS 3 (1) PR (L et al., 2014). H AT,
XTSRS 5P 0 o AL IR T, A
MRTRT SR P ER LIRS B PR A A
W I UG A it v R A R ) B A AR R ) B Bk A
77, HIEAIA R R947 v, B B0 UG 7E 1058
AR B B LA BRI R R e AR E SR
(RO 5 HLEE A 48 o 7K HE 3k 2 (2009) A1 4 1% 45
(2010)i8 I AN [F] W E’J/ﬁﬂ@hﬁ'ﬂ/ﬁﬂ,}mlﬁffﬁﬁnwn
R R GG A RGN E e, BE R
AR FEER a2 — o B i U ﬁﬁmw
Tt Jit Sl A e o B SRR AR pGEX-4T-1 1, 44k
K BL21(DE3) 153 Re % K1k SpBADH K]
M EMAE, 2 IPTG T, HAH TR W B &1
FKIK SpBADH. FEZH SpBADH A% B S A 1 = AR
KA N AE 37TCF, AR LRIRE ODg N 0.6,
JJD)\ IPTG A 0.2 mmol/L, %5 5 h, HEH TFEHE
KR AR R . B EQ013) 0L ThE i S
S0 i 2 BADH £ A 1 5500 2% R 8 iR E 22°C,
IPTG &K E & 5 mmol/L, 200 r/min Z¥% 15 7% 4~ 6
he % (2012)% 7K A5 A1 35 S B S el i 0 BADH
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HHABAFEFRIERIFAMZ 3TCRIRIETEZE ODg=
0.4~0.6, i\ 0.4 mmol/L IPTG, 18°Cid & 1595, —f&
TEOUT , KA s 55 75 M & IS 37°C, (H A B
T R R 5 JE KR & 5] i E AR (R, AFT
EEMEL. KL, &2 IR i S M
7% SR A LLRIE BADH & A ERIE . 746, AFE
FRAE R A R BR S A AR &
WF 78 R Rl bR 25 R 23R 1% SpBADH & [, AR IE
H 1) [ 24k, 7R 4MJF 78 SpBADH 2 (A i AN
7~ BADH & A7EHUS Rk fe i () H 25 2. )5
SREPATTHE KT ER (DA B Al 58 ) b 3R SpBADH 4
()2 I8 HE4T 43 AT LA Je 4 =5 40 SpBADH ) 1] ¥ 14 &
FIET T o B alifh, F-0 e AT 1 AR AT,
§fi: SpBADH BEEPE 1 i pH (E . B IS I 1) SoE
JE R AR e M 4B B T B S T R RS | B 2R
T RN AER T RIS I

3 HRFn A
3.1 R e # R

5K B R O T AV TR, pMD18-
T Vector W H EAEY) A7l FKIEFHAR pGEX-4T-1.

KA DHS« B A% S K 1 1 BL21(DE3) B AR5k
5 = ARAT

3.2 TEfMNEEIRT

DNA Marker Fl1EE H ii Marker . /)N & J5i f #2 B
F & IPTG~BamH 1 1 Sal T BR#I% N V1B 5 i
A= T2 7] DNA GRS | BB R A IR A
] ; PUH & 7, [l (TEMED) Y H BBI /A & ; T4 DNA
R Tag B [ Sigma 2] H AR N E
e R4

3.3 EAHFK pGEX-4T-SpBADH WHES5XE

R VA L 7 S e it Sl 4 K B K] SpBA DH
] cDNA ¥ %1(GenBank % 3% 5 : IN192464), Wit —
PRI 3 SpBADH R RHESL X3k 1519 . L5149
:5'-ATCGGATCCATGGCGTTCCCTATACCT-3',
5N BamH T BEYIAL 55 (R RN 5, T8
5'-ATCGTCGACTCAAGGAGACTTGTAC-3', 3l A
Sal T BEUIN s (R RIZEH5r). 51408 BigAE T A F]
. LA cDNA AR, 3517 PCR #7314, PCR
SR 22 (50 wL) A : SxPrimeSTAR Buffer (Mg** plus)
10 wL; dNTP (2.5 mmol/L each) 3 pL; 514%% 2 wL; 4%
X 2 wL; PrimeSTAR HS DNA Polymerase (2.5 U/mL)

1 wL; ddH,0 30 wL. PCR F2/7:94°C i 4Z 1% 4 min;
94°CAME 105, 60°C 455,72°C 90 s,35 MEFR; 72°C,
10 min. H{ 3 wL PCR =##kAT MUk 7r 4T, HoK/N S
T — 30, R4 B I BOUR RIS, K 1R H R B
I B i%EHz: pMDI18-T Vector % ik TAY) TREE
PR 2 w0, A D00 ARG 0 BH 1 v B AR ISR . g
pMDI18-SpBADH 1 pGEX-4T-1 Jii ¥i 5 % | Bam-
H T 1 Sal T XUEGY], ¥ H i BeUI IR RIS 7999 B
RAE B BOERE, BT 16°C,8 h, ¥iEB~ M
14, K 4 5 TEAA BH P T R AT I T

3.4 =4 SpBADH XA R RIZ TEEMFRIL

43 5% pGEX-4T-1 Al pGEX-4T-SpBA DH ¥4k
BL21(DE3), PRHLBH I 7e b, X 34T PCR FIX 1)
BE . B IR RE Y e BEREATIE 1L, BL 1:100 ¥
FEIN# 4 A Kan® FTVERI WA LB s 5 B T
37°C, 200 rpm, 55 7% 2 B WK E A ODgy 0.6 2247, Jl
A 0.5 mmol/L IPTG %% 6 h, 75 HL 1 mL & il &
HH B, B8 WL #47 SDS-PAGE 43-#7 .

3.5 B4 SpBADH ER TR FIFSFHHMRMK

(1)E 4 SpBADH K i v 3 ik TR W 115 3
IPTG W FE (A A - K B 4K i FF 1 2k 2 v ik
17 IPTG IR 5 RIA M %Ak & 6 NMIRSE
B, 425129 0.1 mmol/L.0.2 mmol/L.0.5 mmol/L.
0.6 mmol/L.0.8 mmol/L 1 1.0 mmol/L, % S#2ih ik
JE ODgy N 0.6, 15 318 6 h, i SHLE 37C. 5545
WG HUFH [F] ODyggo B A1) 28 5 it HEAT I FRIK 73 BT o

()4 SpBADH KWt B #1K8 TRE B 75 Tk

f ODg Mot o 5 B8 4 KW AT 1 2R 0k AR R dEAT iEE 4k
ODygy ' FREMAL . BEE 7 M FHEMAALLE ODgy»
23915 0.1,0.2.0.5.0.6.0.8. 1.0 Fi1 1.2 1% IPTG W E
A 0.2 mmol/L, i SR E 37°C, 15 S} A] 6 ho 15345
WG HUFH [F] ODyggo B A1) 28 5 i HEA T3 FLIK 73 BT o

(4)EH SpBADH Rl ik TR 7%
I TR AL o 4 B 2H K AT B 3k A% B A7 I TR )
FHEREMM. KE 8 AW AL 58 1 h2 hy
3h.4h.5h.6h.7h fl 8 h, ¥ FHLIAHE ODgo N
0.6, %5 IPTG ¥ J¥ N 0.2 mmol/L, i5 S5 )& 37°C.
B EE W T, UM R ODgg B A il 25 4 il 2E AT 8
HL K 73 #T

(3)EH SpBADH K ZIE THE B ) Tl
FEMRAY . 4 B K M B R0k LA AT IR 5 =
Rkt BHE 4 MEFIEEHE, 75504 28°C.
30°C.33°CHI 37°C, F AR E ODgy, AN 0.6, 153
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IPTG #JZ N 0.2 mmol/L, i SHFA] 6 ho %545
Ji » BRI ) ODygo BRI A il £ 56 i AT RE IR LK 23T

1E& ok

P IR R R AR T 1R SE 36 v T SE Bt 7t
FIPAAT N, 58 BB 23 BRIV SCHIRR 5 1 s JE 47 A0
it 2 5L BTN O AT BOmES
S8 770 S 5 S ot W 45 R
WIS 5IH M SR A R
FTTN, T SR B, B, L EAE SR
SRR HR D BRI A R R A SRR
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AHFE H i A B OKRHE £ 1(ZDZX2013023 -
D). E #er ROl R B RO A th A A TTH (CATA
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WK 4% % 10 3 4 (ITBB 130302) 4L [7] % B -
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