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Abstract: Halohydrin dehalogenase catalyzes the synthesis of optically pure epoxides,
B -substituted alcohol and other similar high-value chiral drug intermediates. Our laboratory
screened an encoding gene Y from contaminated soil in Wuxi new district industrial park using
metagenomic technology. The gene Y contains 765 bp nucleotides and encodes 254 amino acids.
According to the Blast analysis,the amino acids sequence shares 81% homology with HheC from
A grobacterium tumefaciens and also has Ser™-Thr'®-Arg'¥ catalytic triad which is the same with the
known Halohydrin dehalogenases. Thus, we speculated it belongs to HheC. According to Escherichia
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coli BL21 codon preference,the optimized gene was synthesized and named as SyhheC. The

constructed expression plasmid pET28a-SyhheC was transformed into E. coli BL21. The expressed

enzyme with an apparent molecular weight of 34 000 by SDS-PAGE analysis was purified to

homogeneity using Ni-NTA affinity chromatography and characterized using the substrate of
2-bromo-1- (4-nitrophenyl)ethanol. The activity of purified reSyHheC was 5.2 U/mg. This study

provides a new strategy to excavate new enzymes with excellent characters from the soil.

Keywords: halohydrin dehalogenase, metagenomic technology,sequence analysis,codon optimi-

zation , expression
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%1 PCR¥ 54
Table 1 Sequences of the PCR primers

5114 M5 (5-3) a
GB1 GTAACAAACGTTAARCAYTTYGSNGG
MB2 TTNGGNCCDATTGCGAACACC

T2-F ATGTCAACCGCAATTGTAAC
T2-R CTACTCGGGCATACCAG

a:R=A/G,Y=C/T,S=C/G ,N=A/C/G/T ,D=A/G/T.
14 pKEZR s EgE Ep 52 [

+ € DNA 2 HUZ 1 Knietsch25 (1) 07 3 k47,
Iy E 2 g BESINA 20 mL & 4B SRS 30 C
180 r/min ¥53% 1 d;1 000 r/min & .0> 10 min, W4 F
TH, M H AR ODgp 54 0.2~0.4 F,10 000 r/min &5
> 20 min WCHE B A 15 20 1 BRI A 20 mL AS & %
BRI s E R R, &47 10 mmol/L 1,3-
DCP 1E MM —8% 5,30 °C 180 r/min 5 5% 4 d, B K
G000 PR A v AC R TR IR, FH 40 R PR 2 R
& (KG203)#EHL DNA, 20 CIR-AF# . LB
EDNA MR ,GB1,MB2 A5 ¥4t~ & 1F ik
75 —% PCR "1 .94 CHIZE M 5 min;94 CAE M
30 5,56 CiB k 30 s,72 CHEAH 60 s,30 41 FF ;72
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) M5 pUCm-T &3, #5146 E. coli JM109,
WA BEIR L FH R fe 2% 18 Sangon 2 /1T,
DL 20 i DNA S Bt T2-F , T2-R N 5| W%
R &S5 — % PCR ¥ 18 .94 °C 1l 48 Pk
5 min;94 CAEE 30 5,56 CiE & 30 s,72 °C4E fii
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J kL pUCM=T=Syhhe C F1 3 ik Ak pET28a, [ 15 H
(5L R R B4R - B, DL T, DNA 42T 16 °C
B4 16 h B iE - W AL Z 38 E. coli BL21, 4%
T & EIREZ (100 pg/mL) 9 LB ¥57:4i b, T 37
CH IR, PRI Vg H b TR LB 15 35 B h
Y1 R T, 513173 PCR %85, Pk B4
#H 3% 1 Sangon 24 vl F WY 1E 4 5 i 44 1%
 FEik Bk R pET28a~SyhheC
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PRBUPHYE B B E. coli BL21/pET28a~Syhhe C %
BT & EIBE R 2 mL LB J 3550 37 °C 220
r/min §5 7% 12 h, 300 pL 85350 H:F 30 mL &
A 100 pg/ml KSR K) LB Wik F3EEH, T 37
°C 220 r/min ¥ 3% 55 95 2 ODgy N 0.6~0.8 5}, [i] 15
FEWI R I HE N 1.0 mmol/L ) IPTG, F 25 C,
220 r/min #EF K53 12 h J5 , 7€ 4 °C.8 000 r/min 25
DA AR DL pET28a 25 iR F5kY E. coli BL21
TR R TE [R) B 25 1 15 IR AR S B XS IR, 3Rk 7 ) H
SDS-PAGE #4745 537 .
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W B0 AR ) A I E.coli BL21/pET28a -
SyhheC #7%F 0.1 mmol/L. K,HPO,~KH,PO, 2 i i
(pH 7.0) h EAT B P BUCRAE , R A5 AR 4 s, RIS
6 s, TAENFH] 10 min, #7516 000 r/min £
O 20 min, 1V W RD AR VR . R AR il 4 T AL O
B (0.45 wm) €5 _bAE 2 S 100 mmol/L
K;HPO,~KH,PO, Z& th & (pH 7.0)F#5 () 1 mL £ &
FXREENHE, 454 30 min J5 F 100 mmol/L
K,HPO,~KH,PO, ZZ #i (pH 7.0)FL & A% 200 mmol/L
R N A R S W N AW S
(reSyHheC), 2#84ifb LA 4 CF 47, 4ifk
reSyHheC £ SDS-PAGE il , 25 1 J5x i J32 ) o
A Bradford 3% , DAZF 136 & FAE AR A,
1.10 reSyHheC B8iE /1893 &

S HH 1R 80 AH € 15 75 DU 22 reSyHheC 16 7701,
B 100 L 100 mmol/L 42— —1—(4—fiff L R I ) -
T (DMF Bt &) F 1.5 mL EP 4+, Ffin A 800
wL.pH 7.0 B FFEE R —Na,HPO, 2% #h il . T 40 CHil
5 min, MA 100 L & 55 BB ,40 CF 2
N 8 min, WZHC 200 wL SR INA 800 I HYBELL
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Fig. 1 Nucleic acid electrophoresis of PCR amplifications
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HheB (AAD34609.1) #1 Arthrobacter sp. AD2 HheA
(PDB:1ZMO_A) 4 A L 1 73 %1 4 81% \75% Al
35%., 5341 ,SyHheC i & P SF 1 i AR B B i A
b = AK Ser™Thr'“—Arg", HtHEN SyHheC J& T ¥

NA - ZH N e S,
S IS E D) 3% 5L g i 254 SR IERR AREER <1 B HheC 25,
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HheB ..... MANGRERE. . .MANGRLAGEKRVLLTNADAYMGEATVQVWEEEGAEVFADHTDLTE 52
HheC MSTAIVINVEHFGGMGSALRLSEAGHTVACHDESFEQRDELEAAETYPQLEP . MSEQEP 59
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HheA ERLVDATLQHGER
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SyHheC  QMRRRRSGHIIFI

TEFGPFWEELS
ASEGPWEELS

HheA .NETYF;TSCWENNHBLRERVLRDV
HheB TQ NKEYF :FR. . IATORFRKECMARRY
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HheA AFTEEYLE.........
HheB EFC{EeWAT. . .......
HheC WLAee FEMIERWEGMEE
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DIFAPEFQ..PIDRYAVEDYRGA

DIAFVEWR. .PIDEYIVEDYRDM

HheA PLRAAGGARSVIFI VGEKFLLAYNE ATVALVESARRTLSRODGILLYZMGENF 179
HheB QFYERNEGERIVVY TRMRCHEGRAL. AQRGYVIRLGPERARHNVNVNEMAQHW 171

ALQIRPFRLVNAVAS 117

T DYIPRPMNRLFLEGTSEACDIRQMFRALSIFFILLLGSAIA 119
v FAVDRHFG.VIVLETDEELWQTA

ALQIRPFALANAVAT e 4

GACTLANALSKELGEYNIEVE.
GISALANALSEELGEYNIFVE.

GENY 7T
APNA 177

GRPORMGIMT RRALFIVEQEF 236
LTLREDLIMEL DESDFIVEEESI 227
GIQRIRLGEMV GSCLYLTEEQVF 237
GIQERLGEMV GSCLYLTEQVF 237

244
235
254
254

B2 AE e RE2R B S E B 5 Xt

Fig. 2 Amino acid sequence alignment of different halogenated alcohol dehalogenation enzymes
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23 mHEEMExEs (SyHheC)ZE AR LR A
#
WRAE R AT B B T a1, A5 sEBE SRR Y

Neo | HisTag
CCATGGCCCACCACCACCACCARCCE

S AT AL, DA 3L F 51 SyhheC
B $23C GenBank (¥ JF | % %5 & (KF853591.1),
NT A Syhhe C 55 Y FEH 75 %} H LI 3,

is0
154
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300
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600
574
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720
6594

TE0

754

- i |
TE&5

3 NI &H SyhheC F 3 F1055E Y EE F 533 EE

Fig. 3 Compared with designed synthetic gene sequence SykheC and the screening gene sequence Y

i it % P Ak S 4R A5 2 BRL pUCm-T—
SyhheC , % Neo 1 Fl Not 1 XU, 5[] 46 WU V1) 1
pET28a #1773 4% , ¥4k E. coli BL21, £ T7 i H 5|
Y PCR %5 , AT W24 1 100 bp 1) 2%71 , % B B 41 3%
ik FRL pET28a—Syhhe C WL %% A E. coli BL21,
P45 R H W pET28a—Syhhe C W () Syhhe C J¥ 31 5 Tl
WIARST, UL 4
2.4 reSyHheC Rix R 4t

HA T E.coli BL21/pET28a-SyhheC i1 B 14 1
E. coli BL21/pET28a, £ 1.0 mmol/L 1y IPTG T 25
CiF%EF 12 h J5 ,SDS-PAGE Z5 R WK 5, 5% ]
E. coli BL21/pET28a #HLL (18 5 Hhikif 2), 4 &
E. coli BL21/pET28a~SyhheC (1) 31K = ) £ 3% W AH
Xt 43 i 34 000 4b A W] A HE BT SR (TS
HKIE 3) , 20 TR 20 7R R | S0 AR AT L M
it 0 2655 B T 5% RUZ M7 4l 4k, SDS-PAGE 45 3 ik

bp M 1 bp

4500
3000
2250

1500

1000 1100

750
500

250

M:250 bp DNA Ladder marker;1:T7 5% PCR 20 K % #T
=)
B4 BAREFEHNMNEE

Fig. 4 Identification of recombinant expression plasmid

R A (5 ThYkGE 1), PR 2-
TR-1- (4Tl HE I ) - LN, WA reSyHheC
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Feii A 5 Ulmg, M E. coli BL21/pET28a H 3 A4
0 p AT GG P G M, S5 SRR, Syhhe C JE N TR
KIGFFE LT Bk,

M 1 2 3

97 200
66 400

44300

34 000
29 000

20 100

14 300

M AR AH X 3 7 5 4 2K 1 marker; 1. 2i40 5 A9 8 A T ;2.
E. coli BL21/pET28a 1 if5 T 3% ik /¥ ;3:E. coli BL21/
pET28a—SyHhe C W) S ik 74
5 REF¥HK SDS-PAGE 4 #7
Fig. 5 SDS-PAGE analysis of the expressed product
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AR, 5 T ped A G 141 Tl P AF 9T 41 3 32 AT 3
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SEH
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E 5 13 i R 7 35 DR A B AR A 4 8 o 1 35
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fiti (HheC) R TETE S 81%, I & A 455 i pa A B
JE T i #E fE = B AR Ser'™—Thrl1%—Arg™ | 4 I H ok —
o 75 i A UG e it AR S A U AT T 5 Ml e
XPY SR ESEFRAIFA TS, 5 pET28a
JoRL % 2 Je 92 B S N AE R M FF 1R E.coli BL21 1Y
FARIE . BB TR Z RS sl Rk E A
i, it SDS-PAGE %5 i reSyHheC 1Y AH X 43 ¥
AR 34 000, Ph 2-1R—1-(4-ff AR ) -2 1
HIEY) reSyHheC BEAEAL IR P) 77 A 2— (4-FH BE AL )
W St I TG 5 Ulmg, ASBESEAZ 48 T
—FIHTRIN HheC &K, Ay oo A B o<l it 1) % A B
FEBAE T PRI a8 il 3k R 1) F kAt
THA NS
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