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IRIMBF BN S B GabDd RIE U R BEBFHERSH
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LT Tk K% WA EYAEINERERFRESLRE, BT HM,310014)
2(HWIVL Tk K% EYHAEEYMSLE TR TR R .0, 8710 HH ,310014)

Hm =

ATERFEAGLBNEAE GabDd RF 2 X REMA L, A HEBEURALTHAE, 2RKW,

GabD4 R ERBBE N7 C3REpH A T.S(HBREZAB) RIO(HAR-LARWEFR) ;2 BETF,
Cu®* %t GabD4 B % 1 9 H WA A ;GabDA X 3 ~S ANEKWBR W A A E B R AR E D ZR YRS, HHEE
KKEH(K,) BHARMEE(V,, )4 % 6.86 mmol/L F1 20. 6 wmol/(min + mg protein) , ZZER N ENT #

GabD4 iEE XM R E S E,
X BUEAH EL5F ;0 BA;HBERR

3-¥2 B 75 B8 (3-hydroxypropionic acid,3-HP) & &
EHFEHEY TRATERNER.L,3-H_BE.R
WIREE N MR NS ZMLaw" B R
T H. BW3-HP LB ERMAYE, & a
#3-BENBEAED 1 3-F_BEatn nRE
Bk A3 S5 5 W LA AR B o R s AT
MAEM AR, ML FE, EWEREE RN &ZHR
IR R AT RO R G 8 A Ak TR SR, A
LA R = A W S i BRI P W o AR T R, R
H & B 3-HP BB AT,

H W E R AE T8 £ KB (Escherichia co-
i) A1 fifi 48 7% 55 18 BC B ( Klebsiella pneumoniae) , B T8
FAEFI R & 3-HP s B, % B H Bk
(DhaB ) FI i 8 (AldH) 2 5 ) i . DhaB R i %58
i VB, , ¥ H il &L 3-3F B (3-HPA) ; AldH 7
NAD(P) * fZ#ERH ¥ 3-HPA #4k % 3-HP!

IR, BB TR £ 75 F H &S5 DhaB AR
AldH A H i & B2 4 7= 3-HP B3RiE. RAT %4
AldH § A E. coli, %7 3-HP = &3k 31 g/L, RATH-
NASINGH %™ #| Fi 5 %559 KGSADH ,E. coli K
5% 38.7 g/L #9 3-HP, ASHOK 2" 4% PuuC 8 A
K. pneumoniae 8 £, 3t 8 % H 1 B 8% (lpK ) 1 1,3-
T —BEH S B8 (dhaT) , =B ik 28.1 g/L, KIM %1
T E. coli BL21 star (DE3) ¥ & 75 T Pseudomonas

F—EE WML, HHCEREREERER) .

EETH . BREK/BEESE(21306173) ;WL ARF 28
& 4F 4 (LQ15C010001)

WORS H #9:2015 - 12 - 23, BBl H 38 :2016 - 01 - 12

aeruginosa W) PSALDH , [F] Bt & B glpK FiH B E 1k
it R B (yqhD ), 3-HP 7= & 57.3 ¢g/L, ® iE, CHU
Mg sy Cupriavidus necator [f] succinate-semi-
aldehyde dehydrogenase GabD4 & % 51 & & B AldH,
HHBTEAE] 55. 1 U/mg(protein) , 3 1 id & S RE M
HNBBREBA P E. coli &7 3-HP = & & 15
71.9 g/L.,

GabD4 15 Sy — i 7 21 1o A% B J8 B8, o RIS
W, Rk, R RAE CabDd MBS EHRARFEER
X, AT ATER C. necatorsuccinate-semialdehyde
dehydrogenase GabD4 B H , s RIEFRIE, LUTBH
IRYRR AL, A F 5 GabD4 WEFHE B R
&%,

LR

1.1 ##
1.1.1 BxFFia

KB FFE E. coli BL21 (DE3) i A LK R 77 ; C.
necatorgabdd B B LB EEYERBRERARAEG
B, I E R B RIA A pET28b |,
1.1.2 2Z#&A

R A% & (Kanamycin,Kan) | 7 P 5-B-D-Fi ¥
FL W Nk 15 $% F° (Isopropyl B-D-1-thiogalactopyranoside,
IPTG) M TATAEY TR(LE) BRBAFRLSA; 6
#3¥E B2 ( Dithiothreito, DTT) 19 F b 50 H R B At £ A BR
N ) 5 W B B R U S 8% FF BR ( Nicotinamide adenine
dinucleotide NAD ") I§ F It R @B EEXEWABRL
7] b ¥ 43/ ] s AxyPrep Fb DNA /NEAFR & W T R
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FH AR (RIL) A R A F; DNA marker, DNA
Loading Buffer i§ T 75 R MR L W R AR A F;
Unstained Protein Ladder,2 X Unstained Prot Loading
Buffer I T L8 1 % 4 ¥ # 8 A R 2 7 ; Profinity
IMAC Ni-Charged Resin I F 3 [E 1A % ( BIO-RAD) 2
Ao
1.1.3 &Hs@my

LB 35 5: % (g/L) : EH B 10 BEEEK 5 NaCl 10,
B F EAMI U 2.
1.2 Hi&
1.2.1 #HBEH

BEHEERERMEAE E coli DHSo/
pET28b/GabD4 3% A &% 50 pg/mL Kan ff) LB } 3¢
BTF 37 CHF RBURHIFRGHLEER E. coli
BL21(DE3),
1.2.2 E@EHESAR

B EHHE E. coli BL21(DE3) /pET28b/GabD4 #%
A% 50 pg/mL Kan By LB 5555, F 37 CH AL
FHHEFEMHZELRIERE B 0Dy E0.6 ~
0.8,% i 1 mmol/L IPTG,F 28 Ci#ESR 10 h, WEH
&M
1.2.3 GabD4 w8 & R Z

TR FMER, KREHE | mmol/L
DTT.2 mmol/L Z. /& .2 mmol/L NAD * fIi& & FI B ,
F§ 100 mmol/L BEER4F Z ph ¥ (pH 8.0) 3 E 1 mL,
F 37 C, F SpectraMax M5 E§4R{XFE 340 nm &bl &
WG A, BIEE L RAMER T, 1 min 4
1 pmol NADH (£, =6.22 x 1°M ™" « cm ™) I B E
MBS R E R 1 ME N,
1.2.4 E4sH5 HE5L

¥ B0 W5 B PR 100 mmol/ L Bl R 5.8 WK
(pH 8.0) E& , A BAE, B.OB LIE W RARLE
#1740k : F Buffer A (fRIRBEBKME ) whigt 28 58 P SEEK
P-4 ; A% ; i Buffer A 70 Buffer B (& #RJBE B M) 1Y
RABAYEVER ;280 nm i, WEEH. B LAE
HETENS(RE 2 T8 14 kDa) H, A 100 mmol/
L BEBR£h vl (pH 8.0) EH7 36 h, 4 6 h #iK, K
18 ) B AT 5 B2 BT 5L o
1.2.5 &4 GabD4 85 FA 5 H#

B3 I 18 B o B AE R R R R BE T U E
GabD4 g% , K[ 1. 2. 3,

PREE HERA FREBERFHEET, &R
30 min BRI R RBBIS o
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Bi& & M pH: 2 B 7 R JF pH &4 T Wl &
GabD4 8%, HALE 1.2.3,

pH R E M K BB IR RE A pH &4 T,
45 F% 30 min BURE N ER BB

4 BE TR RN A R oS 2 mmol/
L4 BB T, ME GabD4 B, HAhfH] 1. 2.3,

EYESEERMERS 2 MA 2 mmol/L
NEVEY , M & GabD4 FgE , HARN] 1.2.3,

fig 42 F L Bh 3 WO W SR AR AR D 2B R U
B, %E GabD4 M§iE ; EHL 2 ~ 10 mmol/L Z. B ¥k

oA Bh S1 3 AR AR R B AR DR, R i K,

Vmax o
1.2.6  HAbiral oM ik

SDS-PAGE i ¥ # ¥l 77 % 2 U™ s M A
RNAfold WebServer ( http://rna. thi. univie. ac. at/cgi-

bin/RNAfold. cgi) 4347 mRNA “ZE5# .
2 #R

2.1 AIGHEBRSERER

R RERE, AW ERE YT EZMNE
TRt , LR oS BR s R A g U o ASHE
3¥ A C. necator succinate-semialdehyde dehydrogenase
GahD4 ( GenBank % 35 CAJ96839. 1) f1 & 3 8 /¥ 5
KR K E. coli RS FARGFHE A R 1446 bp EF5 6
x His-tag ) gabdd # B ( GenBank % 3 %
KU215384) , £ Blast H Xt , & Bl 5 B4 B! gabdd 3
PR B B 2k ) R A 4 81% (& R E 7Y 6 x His RT3
EN);ABRERG+CHEBNALZEE FIRIALH
67.4% B % 55. 7% ; R AL Wi 5 B W ) mRNA R %5
¥ B HBEM - 678. 2 B E - 536.2 kal/mol,
2.2 GabD4 pRZ 54U

GabD4 FF ARy E XL pET28b % 17 35 T/
BL,EIPTC MBS T, ELAHE E. coli BL21 (DE3)/
pET28b/GabD4 RE#E ik H W™, 7£ 28 C .1
mmol/L IPTG 4+ F %% 10 h, F ik i L E R Y
SDS-PAGE JLE 1, S5/ #n IPTG ) *f B (k& 1)
ML, BHAEE PTG # T (JkiE 2) ,7£ 45 ~66.2 kDa
ZEFEXTREABEREEA, S GabD4 # HM 4
FES2.5 kDa A K, 2WEHN,IKE 2
%X 10.3 U/mL, R EHM EHERRL

GabD4 f) 6 x His i B HESRETE B, BEH
RS R B L, 2 ukuk v ik 2] 41k 593K
FU Ry 2.4 HEITL, Wik Y SDS-PAGE
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Fig.1 SDS-PAGE analysis of soluble induction expression

of E. coli BL21(DE3)/pET28b/GabD4 and purification of GabD4
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2.3 EHAmNBEER
2.3.1 RERAFBRERLRTNR

VR B8 %o il S A B, 3ot v S R Y TR AR
RF T BAE K AL B934T o GabD4 §3&E 5K 6 Y
EZERERDE2(A) , YRMNEEN 24 CHEZE 37
C,BEREZIE,E 3 CEEBRNE #EHGT
RMREE 47 C,EHERETR. Hit, B¢ GabD4
MBS RMNMBER37 C,5 E. coli #l K. pneumoniae
LAk . RBEEMER. ¥ 27.29.5.32,
34.5 37 CHERB A FBE (T), L1 000/T K
ARKT, DL IR B B Ink (k2 B BN 38 ) A 4 A AR A8
B(E2EE), REMA A HBER Ink = - Ea/RT
+1InA, 3+ & GabD4 W IEfLBEH 2.93 = 0.33 keal/
mol, BEJE, %% GabD4 7£ 34.5.37.39. 5 C FAIBAR
EE L I 2(B) FiR, GabD4 £E 34.5 C T i Fa &

100*[ —-34.5C (B)
r —-37C
80T —--395°C
60T
anf
20[
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BHE] frin
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Fig.2 Effect of temperature on the activity (A) and thermostability (B) of GabD4. (The insert in Fig 2(A) was Arrhenius plot)

Vg EF . 2HE ,34.5 CHF GabD4 IBEH /(1)
¥ 150 min, £ F 37 CH 52.9 min F139.5 CHY 14.3
2.3.2 %if pH A pHAZTH

RIE) pH T DA ik 28 B S 1 o0 EE: B FT Y
HEE, AMEZHEBS R eRR", B4
GabD4 Bi& pH B LR NWE 3(A), 7EpH 4.0 ~
6.0 WAL L 28 IR .pH 6.0 ~ 8.0 BIPRER £ 5% f
WA pH 8.0 ~10.0 M H AR -KEMLME i+, W
% GabD4 B EE pH 4¥ A pH 4.5.7.5.9. 0, YLBH SR
R4 pH X RS S R R K, ZE RS Chu
210 35 38 W 4% pH b 8.0 RF], &, GabD4 X
B TR B R, IR AR 1 T RS T B AR T E P e
WA T EETE, 445 CabD4 fE pH 7.5 ~
9.0 PG TN R LE 3(B), REEPHT.5H
8.0 BIBEBRELE vP K .pH 8.5 1 9.0 WHER-EH
P40 % B R, GabD4 1 B IR B AR , BH AR E

MAEFARR, 28,7 pH 7.5.8.0.8.5.9.0, B 1
1,55 4 36.1.33.2.54 18,3 min,
2.3.3 4B % GabD4 B A

W 4 B, DU N4 8 B F Y 88 52 N AR O Xt
BR,Cu®* .Co®* #I Ni’* Xt GabD4 BgI%E A ME/EH,
H co® ik, BT BAM 1.25 5, kBl &
B, B DATE S B R AR KR = Y R BU A B F,
ES Cu® LI ¥ GabD4 Ji & 15 H Al & T X
GabD4 W 15 1 T WA M HAER
2.3.4 RE &M GabD4 857 M85 ¥ R

WS i, 5B A H, GabD4 X 75 B T B .
REE RREBHMEFBERRTRENEDRRE, R
B XIS T LR A XS S 4 B R Bl S B
4.65.4.91 4.86 1%, 38 GabD4 FE R THEHL 3 ~5
ABRIIEE IS Y, HE R GabD4 Xt 3-HPA &7 % & 4
R,
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Fig.3 Effect of pH on the activity (A) and pH stability (B) of GabD4
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Fig.4 Effect of different metal ions on the activity of

recombinant GabD4

HAXIEEE /%

& s
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Fig.5 Effect of different subsirates on the activity of

recombinant GabD4

2.3.5 BRREBHHF

EF M E 4 1 mg/mL, DL 2B R R Y, 7£ 100 mmol/
LR Z vh ¥ (pH 8.0) .37 CFH LK EH GabD4
M ¥ S8 ERLE 6, YZBWMWKERN2 ~14
mmol/ L, {2 52 i 3 58 7 W ik B B KAE ; 4 R
4 14 ~24 mmol/L, BH{R R N S F R A LR H KME,
WS BNROASIRIBE R N . EIZBEWRE 2
~ 10 mmol/L i B A W & GabD4 {1 8§ [ N K 2, 42
Lineweaver-Burk 3 1% &, 2t BB 8 K, .V, 75

24 6. 82 mmol/L F1 20. 6 pmol/( min + mg protein) ,
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Fig.6 Thereaction velocity of GabD4 varying different
aldyhyde concentration. The insert showed the

Lineweaver-Burk plot

AR AN LT E ¥ B T Cupriavidus necator B 35
BRI S B8 GabD4 B ,7E E. coli FLH R
ik BT B AL, N B2 M B #ETT 43 H . GabD4 7E
E. coli ¥, 553 ¥ 1 mmol/L IPTG,F 28 CiES: 10
h, B8 ST 3% 10. 3 U/mL, X% B4 GabD4 ## J5T
TREA, BEHBERMRER 37 C,ZEHTH
£, 52.9 min; GabD4 A EE pH H 7. 5 (PR EL 2%
WH)H pH 9. O( HER-DELNE W) , L KM
T8 t,,47 9024 36. 1 1 18. 3 min; Cu®* X B IE A (L i
VEFR 5 2 Bl o PO T P I T 4 I ) B PR AL R R AL
L ZBRKY, GabD4 By K, .V, 4r 5K 6. 86
mmol/L 1 20. 6 pwmol/(min -

mg protein ) ,

8 % X W
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Heterologous expression, purification and enzymatic characterization
of succinate-semialdehyde dehydrogenase GabD4

JIA Dong-xu'? ,LIU Dong'? ,ZHENG Yu-guo'***

1(Key Laboratory of Bioorganic Synthesis of Zhejiang Province, Zhejiang University of Technology, Hangzhou 310014, China)
2 ( Engineering Research Center of Bioconversion and Biopurification of the Ministry of Education,

Zhejiang University of Technology, Hangzhou 310014, China)

ABSTRACT The synthesis of succinate-semialdehyde dehydrogenase GabD4 gene, its expression in Escherichia coli
and purification were described herein. The enzymatic characterization was analyzed. The study showed that the opti-
mal reaction temperature of GabD4 was 37 “C. The optimal reaction pH was pH 7.5 in phosphate buffer or pH 9.0 in
glycine-NaOH buffer. Among several divalent metal ions, Cu’’ had stimulative effect on enzyme activity. Further-
more, GabD4 preferred to catalyze aldehyde substrates containing 3 ~5 carbon, and it had a Michaelis constant (K )
of 6.86 mmol/L and V__ of 20.6 pwmol/(min + mg protein) with acetaldehyde as substrate. These results could pro-
vide more information for research on enzymatic properties of GabD4.

Key words aldehyde dehydrogenase; recombinant expression; protein purification; enzymatic properties
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