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WIVLR: k% TRERSEY TREYFR Wil st 310027)

& ZE: AR GenBank ¥ 955Xt 514, LEFIOMHE T B-HABELR(F LA bhd). VA
pET30a(+)#4 # AR . Escherichia coli BL21(DE3)-CondonPlus % 78 £ H, I T bhd #) 3 kL. 1&
A HisTrap MFF F A EATAE 4o 40 B-BL 0 B, 5T 2404 23.1 kD. B3 MR A, shiby
T Bl X B K AR 3-R A B & 3-F2 AR RBR GG RIE R AR £ A 30 °C, 100 mmol/L, pH 7.0 &9 #5844
Gk, ERERFEEMHT, B4 P-BLEMGIEA 162 Umg, KnAo Vi 2514 3.26 pmol/L #=
17.86 mmol/(min-g protein). £ #iE R M &M T, vA 10 mmol/L 3-Z. A BL A &4, KL 36 h 694648
F A 93%A k.
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Cloning, expression and characterization of
p-dehalogenase
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Abstract: The f-dehalogenase gene from Bacillus sp. was amplified by PCR with primers designed
according to the sequence of the f-dehalogenase gene (named bid) in GenBank. Then the bhd was
overexpressed in Escherichia coli BL21(DE3)-CondonPlus with plasmid pET-30a(+). The recombi-
nant p-dehalogenase (rBhd) was purified with HisTrap'VFF affinity chromatography and the mo-
lecular mass of the protein was about 23.1 kD. Further study on the enzymatic characteristics showed
that, the hydrolysis reaction of 3-chloroproionic acid to 3-hydroxypropionic acid catalyzed by the
purified rBhd should be carried out in 100 mmol/L sodium phosphate buffer at 30 °C. Under the op-
timum conditions, the specific activity, K, and V., of the enzyme were 16.2 U/mg, 3.26 pmol/L and
17.86 mmol/(min-g protein), respectively. When 10 mmol/L of 3-chloropropanoic acid was used as

substrate, the conversion ratio reached 93% after reaction for 36 h.
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3- % 3 N R (3-Hydroxypropionic acid, fij F
3-HP), & =L F M HaEA VLI, %4 F M i 43
ST — DR AR, feEM g, Tl
AN — R E WA R, v R A s
FE A T 5, T DU T A= 0or . A8 A
A NP BN, R 3R RR(P[3-HP)EA K
TF B MUK R B, L AT B AR R AR Y, X IR bR A AT
K It P[3-HPIWE N B A= W ol PR A R, oA &
SRR FH AT 5. 3T 3-HP AYHE B 451, 2004 4F 35
] A R AR 5K 3-HP 51 o MR A 12 Rl A
FERBHHFEARATMZ—. BT, 3-HP 1
PRt R CA AR = H 27 t, 2006 4E T M 4%
91100 0P,

HRii &M 3-HP 2 im it fhai G ik A7,
HRAFFERRERE . BUAS . ST Y o A
il 1 v ELAE TN AR AN . BRI A
SRR, MR R E N A eE R RS RA  H R,
AN et Wik 77 3-HP BT 98 DL R BEE Sy 32, #%
W B AN ], AT 43 hy LA 2 08 Ry IS 00 1) A 0 e A
EELR VR LA H R S 1 A O A 2T (HRE
BRI AE A A AR b S AR 2 R, BT
JE B A AL R MERE, H. 3-HP A958R A5 i A
I TAE, FRATN 3 i e 15 20 T — kT LA
3-ENIR(3-CPA) MR, A=A 3-HP HYZFHLFT
i Bacillus sp. CGMCC No. 4196, iy ¥4 g 5L 5]
SRR, 580 T AR BRI A - i i
bhd (GenBank accession number HQ585877), A i
GEXT bhd FEHFEAT T RIS, JEXTib )5 i) E A
B- Wt i1 i (rBhd) #E 47 Tl 2 1k B A oY, 25 SRk
rBhd A LAZKfif 3-CPA A i B — =4 3-HP, M M7
T B £ 3-HP BBR LR .

1 MRS G %

1.1 SRIedrsl

111 RPFAEF: Ok pET-30a(H) Il A K A
A, Bacillus sp. CGMCC No. 4196 Hj 7 5236 28 i ik
AT, PRFECAE T ] 3 AR ) TR R R A B
Escherichia coli BL21(DE3)-CondonPlus 14 [ ¥k 5

YNEI[S

1.1.2 EE5FZRF: BTN U, T4 DNA &
fifily H Fermentas 2y F); UKL HH 2070 & | B8 BTk
A& PCR KGR & H Axygen A #]; HAYK
X5 Sy ] 5 B 1 A3 A 4

1.2 X¥AHE

121 &8 p-imBsERE M EL pET30a(+) ALY
3. MY B-Wiki LR bhd (GenBank accession
number HQ585877)AY5¢ 34 ) SEHE BT 5 14, iF5|
Y1~ 5'-CGGAATTCGTGTACCAGCTG-3', F 7l
¥k 5'-CCAAGCTTTCAGTGATTCGAGC-3' (F %I
2R3 EcoR 1M1 Hind 111 BB &) R F
WREI1¥, VA Bacillus sp. CGMCC No. 4196 MR
AT TS PCR [ o ¥734 v BeFH PCR RIS &
W, LA EcoR I-Hind 111 AEFVIIZ B, TR
EcoR I-Hind 111 XYY pET30a(+), 54462 E. coli
BL21(DE3)-CondonPlus B&3Z A4, ML+ 58
HAS T FORL pET30a(+)-bhd, FEYIEAE #4755
M (A TABEARGRA ),

122 EHEMIFESRIE: KELWE E coli BL21
(DE3)-CondonPlus/pET30a(+)-bhd 3 % 5 mL & F
AR % 2 (50 mg/L) M5 5 2 (30 mg/L)AY LB i F= %y,
37 °CHEFR K, # 1% HeFP i 4% 3 % 100 mL %A
R R (50 mg/L)FI5E R (30 mg/L)iY LB 7575k
1,37 °C {538 & ODgoo 1575 0.6-0.8, JiITA 0.1 mol/L
IPTG EZ9KJE 4 0.1 mmol/L, 25 °C 55 8 h,

123 EHEAMSEML: WERKEK, EETHAHY
S5 G W (20 mmol/L WEFRHNZE i, 500 mmol/L
NaCl, 20 mmol/L WK, pH 7.5)%, & FrKiB 1 7#
AR, 4 °C. 20 000x g B5.0> 20 min, Wik b,
P8 72 M2 M4 HisTrap'™FF (GE Health-
care, 1 mL)4alifbEmEH . Hik4ifbid S GE
Healthcare U6 B 45 . 15 2] (9 Bl & 75 1 FH W 46 4
(HisTrap Desalting, GE)if17 i £k b BB 44 )2 1 5%
W 45 1Y rBhd HEAT AR BBFSE .

1.2.4 rBhd SEMERIME: DL 3-CPA N JE Myl & 4l
fk rBhd 6 PE, KW AR R ARG 100 pL id 456 B
B A 900 pL A 10 mmol/L 3-CPA ) H R 4N 2%
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W% (50 mmol/L, pH 7.0). 30 °C. 180 r/min JZ Ji]
1 h, JIA 100 puL 5 mol/L H,SO4 % 1k, 8.0 5
BB, 220.22 pm SRS IE S, ARG
VLIS 3-CPA FAIy=4) 3-HP AYHRE, HARK I
AR WO T S A AU ] AR S H R 1100
ARG, QIEH A PLRR /T HTHE Bio-Rad HPX-87H
(30 cmx7.8 cm), YN 5 mmol/L iR, Ui K
0.6 mL/min, =& Tl E$/MUV) 210 nm T B I
B 3-HP (4 B AN 13.12 min, 3-CPA fi4 {4 B4 i}
[ 20.73 min, RAAMRE AT E & B R0
(TU)E X M %5344 3-CPA A % 1 umol 3-HP firds
114 it 2

1.2.5 rBhd RERLGREFMMAIBEM: £ 25 °C-
60 °C ([H1f% 5 °C)Z&MF T, W BHE 1, DI E ik
TN BE o ) 4 BB AE A [FIRLEE (4 °C=70 °C) T
H1h, DERAEEG, L0 h BEISVEXT A, A
XTI 7, DA E Bl 0 PR E T

1.2.6 rBhd &i& pH 1 pH & E 4% B4l pH {EHE
Floh 5—10 ([alF& 0.5)AY B v 28 v (Hevh pH (i
4.0-7.0 FH 100 mmol/L [ #7465 R -4 158 12 B 2% WP T
pH {H 7.0-9.0 F§ 100 mmol/L i Tris-HCI Z& M1, pH
{8 9.0-10.0 JH] 100 mmol/L /) NaHCO;-NaOH 2
W), M EREEANE pH 2% bl b BTG 1, LIRS
Jifg ) 3 )V, pHo ¥R pH (5.0-10.0, [A]F% 1.0
BT )ZE PRBGE Y B BRI T 30 °C, 1 h &,
P BRI ABITAS, AEME ) 100 mmol/L. pH K
7.0 1Y Tris-H,SO4 22 i izt 6 h, Kl 1) pH H
P 7.0, IR B S 100 mmol/L . pH
7.0 1) Tris-HCI % i 8 A8 22 AH W] 2 11 o B o 0 )
ARBEG, LA O h O xd R, SRR X S, DA B
pH faE k.

127 ZWIRRI B EMERR I HEHUE R
4 100 mmol/L ., pH {H} 7.0 i Tris-H,SO4. Na,HPO,-
NaH,PO, . Na,HPO,-KH,PO; . K,HPO,-KH,PO, .

Na,HPO- #7102 . ¥y MR -6 PR BN 2% vhifs e,
il () LU T, B e RN 2 AR R

1.2.8 JRYKREMER: R RE R Z PR R,

http://journals.im.ac.cn/wswxtbcn

TERRIE N AR, BRIV AR 40 h MR
SN g AR R, AR AR 2 g S [ A B N A Ak R o
O PR RS VR E

2 i

2.1 p-Bi pa B E F B 5 bE

BTt b il EE K bhd IR/ 465 bp, TE Tl
s1Y 5l ARV 5 )5, Ph Bacillus sp. CGMCC
No. 4196 K MM, 4 PCR ¥ FEHK AR
481 bp ) PCR F=¥), %t EcoR 1-Hind 11 XU 5 %%
% pET30a(H)H, ##AS 3 FAH IR pET30a(+)-bhd.
¥ pET30a(+)-bhd #1417 EcoR 1-Hind TII XL |
EcoR 1 ¥ IR Hind 11 BAEGVIUE (A 1), IFPIHE
ISOB U B 19 /N2l 480 bp 1Y H I SER F
B, & B T A TG RA R, B0 E
[8] Y ¥ 51 55 GenBank accession number HQ585877 [
B-Mt i 3L 1A bhd ¢ 4 AR TR

— 8 000
— 5 000
— 3 000
—2 000

— 1 000

— 500

— 250
— 100

1 FRiE BRI EG 1] 36 i B 3k

Fig. 1 Identified by enzyme digestion

FE: 1: EcoR 1-Hind 1 BUE§Y]; 2: EcoR 1 W§Y; 3 Hind 111 B H); M:
DNA 7B ARiE.

Note: 1: Digestion by EcoR 1-Hind I1I; 2: Digestion by EcoR I; 3:
Digestion by Hind I1I; M: DNA marker.

22 EHEMFSRIE

W H B S EIAL SDS-PAGE KIE (K 2), &
FoyrFEZh 23.1 kD R E4LE, 5BEISIAE
(465 bp FEHFL =W, M EHEMHAEH C v, N i
i R RN T A . Wi I, 352
23.1 kDHFF . KK RN 1.4 g/L, HERE M L4
MR 50%LL b, SCELT B R Rk .
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2.3 rBhd By4i{k
SR T SEFAMTRE HisTrap™FF 24k 1175

FEY), % SDS-PAGE #6452 i — 415 (K 2), B-Mit
i BERAERE IR B T 96%LA 1, A B- pi il 2 4 K
Diatifh . B 250 11.4 6%, RISCRA 76%.
R R R A A T 15200 7.1 go XFalifby rBhd
HEAT Bl T 5%

100
62

40

30
24

14

B2 H=HERFSFRILE

Fig. 2 SDS-PAGE for the overexpression of rBhd

¥E: 1: E. coli BL21(DE3)-CondonPlus/pET30a(+); 2: E. coli BL21
(DE3)-CondonPlus/pET30a(+)-bhd #:i% S; 3: E. coli BL21(DE3)-
CondonPlus/pET30a(+)-bhd 44l IPTG #'F 8 h; 4: E. coli
BL21(DE3)-CondonPlus/pET30a(+)-bhd IPTG %5 8 h WifiL)5 it
¥E€; 5: E. coli BL21(DE3)-CondonPlus/pET30a(+)-bhd IPTG 5 5
8 h B m LW M HEH 2 7R IE; 60 21465 AY rBhd.
Note: 1: E. coli BL21(DE3)-CondonPlus/pET30a(+); 2: E. coli
BL21(DE3)-CondonPlus/pET30a(+)-bhd, uninduced; 3: Whole cell
of E. coli BL21(DE3)-CondonPlus/pET30a(+)-bhd induced by
IPTG for 8 h; 4: Precipitation of E. coli BL21(DE3)-CondonPlus/
pET30a(+)-bhd after sonicated induced by IPTG for 8 h; 5: Super-

natant of E. coli BL21(DE3)-CondonPlus/pET30a(+)-bhd after soni-
cated induced by IPTG for 8 h; M: Protein marker; 6: Purified rBnd.

24 EEFMRAOMR
2.4.1 rBhd MRERMNMEEMMAIEEME: WAE 3A

fi7~, LA pH 7.5 1Y Tris-H,SO, N Z% i A &R, rBhd 7E
25 °C-30 °C A8 m g, iR L] 40 °C
PUR, BEGHGE T RE, 7660 °C Lh_b FEAKS A 2] il
T o RS M S IR 5 S AT K R, W AE 20 °C-30 °C
AP RRGETERLF . MR 60 °C, FEak
o R, ZR6 Y RN PR AR E M, 30 °C AR
IV 11 o 3 Y B

2.4.2 rBhd B&iER L pH 1 pHFREM: WK 3B
fiin, fEfGE RNV T, 7€ pH 6.5-7.5 {EFEINAH
XTHEETE 80%LA I, 14 pH<6.0 5 pH>8.0 K, i
6B T R, rBhd B9 fid W pH oA 7.0 7E pH £t
SEVTESZEG F, BELE pH 7.0-8.0 YUl N R E MR L,
IM7E pH<6.0 551 T AFRE o

120 7 A —0O0— Temperature dependence
100 —#— Thermal stability
S g0 f
2
e L
3 60
o
Z 40
=
&
20
0 -
20 30 40 50 60 70
Temperature (°C)
18 T B —A— pH dependence
100 F —A— pH stability

40 \
20-4% Kz&é

5 6 7 8 9 10
pH

Relative activity (%)
PN
S 3

B3 BE. pH Xt rBhd iE RIS
Fig.3 Effects of temperature and pH on rBhd activity

243 ZMKARIN B EMSMEIE: 2k RX)
il 15 VR R B (R 4), B % vh i 2% s R
B, P BETR AN 2% v AR S AR, DR FH R
B MR S TN I 92 PR R o TE oI5 b il 1Y) i 1
i, RN R E N Tris ik 21 R E 28 p
1A Z2 5% I 1) 5% W AL 3 A DL ARG o 7E b A el R
N ZFETF, rBhd AUBEIG A 1 150.2 U/L, FEi&Alik
16.2 U/mg.
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Fig. 4 Effect of different kinds of buffer on p-dehalogenase
activity

71 1: Tris-H,SOy; 2: Na,HPO,4-NaH,PO,; 3: K,HPO,-KH,PO,: 4:
Na,HPO,-KH,POy; 5: Na,HPO,-Citric acid; 6: ¥/ B R -F7 15 IR 4.
Note: 1: Tris-H,SOy; 2: Na,HPO4-NaH,POy; 3: K,HPO4-KH,PO,; 4:
Na,HPO4-KH,POy; 5: Na,HPO,-Citric acid; 6: Citric acid-Sodium
citrate.

2.5 %|H rBhd #l#%& 3-HP

ARG i FE R IR N 4lifk, 153 T4l rBhd, JF
AL TR 3-CPA il 3-HP A Y & &
o AP E T M R n i & aniE 5 FoR,
Bt JEC )V BE R S N, 00 B L 1 R AN |, TR
20 h J5, SRS G AR, 36 h JE AR L,
A A PR O il Nk AR R A R N . R
3-CPA 1 3-HP M VAR I, 73 B IAIME, T DA%
AKE 3-CPA 58 25540 (1 IR W) Wk 5 0 ‘B o de il
WG WV BE 4 10.2 mmol/L, XN 32 h J5IEY
C AR AL 524, A 3-CPA AL R 24 h 93%,
3-HP [ He B 7 9.4 mmol/L, ¥ /1 1Y 3-CPA 4
WA R 3-HP, FEASV A B =W A . H AT R
NP S Sl NS A SR R N Sl 8BS
R EAR D, HA&E WA B-t s e % 3-HP AYAF
5% Mesri ML ] T —H#k Pseudomonas sp.
B6P, AR n] LK 3-FEN IR, HIE A
5.58 U/mg, {HRE A XF & P W 110 T 145 AN K A 7= 4

AT . #RIE Michaelis-Menten 5 & v = FowlST
K., +[s]

U T S R L
AL FfE —=—"x—+ , A B AU £ AR

v Vmax [S ] VmaX
2, WA K F Vinax 239124 3.26 pmol/L Al

17.86 mmol/(min-g protein),

http://journals.im.ac.cn/wswxtbcn

—#— 5 mmol/L 3-CPA as substrate, 3-CPA
—o— 10 mmol/L 3-CPA as substrate, 3-CPA
—A— 20 mmol/L 3-CPA as substrate, 3-CPA
—v— 30 mmol/L 3-CPA as substrate, 3-CPA
—o— 5 mmol/L 3-CPA as substrate, 3-HP

30 —o— 10 mmol/L 3-CPA as substrate, 3-HP
—A— 20 mmol/L 3-CPA as substrate, 3-HP
25 r —v— 30 mmol/L 3-CPA as substrate, 3-HP

Concentration (mmol/L)
O

t (h)
5 AEMAEEYKE TR IS

Fig. 5 Process of reaction on different concentrations of
substrate

3 e

AR R e BRIk I AL T A B- W X
rBhd, JF5EHL T LK f# 3-CPA il £ 3-HP Uit 2.
JS AT Bacillus sp. 7] AL 3-CPA ShME—BR I A= K,
KA 3-HP, {H 2 3-HP A R ARH5HA0 el =4,
TE R AR R rh gl i — 2D i R, R e R
AW 3-HP /776, RAEREME; A L™
At Z R, BT A A B Ak R ERE o i
Bhd HAA L%, FIHwRELLEM Bhd 17Kk
N, {45 3-HP Bk R ME— &= 21 R, H
FEMIIAS R AT, Alak 93%LA b, AR R A
3-HP ZE7E T L, [AE RN A R iR e M 22,
HRF A R 28, 0 A0 M 55 L2540 TG
DS S SR A A G, A a1 T AR A X il 114 25
FA RN T RESEA T AT 0 il 1 38 2o o7 58 748 A5 Ty 1
SE 5 6 A PR 2R, O e [ R 1 k4R v
R RS e A B R R

HoEr, B A A XK i o s il s 1 B ) A
g B ARG AT R o 1 i, RDALRE K f# o
LA RIIREE, ANBEZKME B A pd RS, Ul
HH o= 56 b1 it T -8 11 AT A AN [R) A SR AL, T B-
58 o il D R 1 AR A N HRGE o PRI - o Al 1) 7K fi
BUTLE A Rt — 05T
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