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Expression and characterization of a novel halohydrin
dehalogenase from Tistrella mobilis KA081020-065

Lei Wang?, Jing Yuan?, Peiyuan Yao?, Lihua Cheng®, Meixian Xie®, Rongrong Jia®,
Huijin Feng? Min Wang', Qiaging Wu?, and Dunming Zhu?

1 Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, College of Biotechnology, Tianjin University of
Science & Technology, Tianjin 300457, China

2 Tianjin Engineering Center for Biocatalytic Technology, National Engineering Laboratory for Industrial Enzymes, Tianjin Institute of
Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

3 Hebei Chengxin Co., LTD, Shijiazhuang 051130, Hebei, China

Abstract: Halohydrin dehalogenase is of great significance for biodegradation of the chlorinated pollutants, and also
serves as an important biocatalyst in the synthesis of chiral pharmaceutical intermediates. A putative halohydrin
dehalogenase (HheTM) gene from Tistrella mobilis KA081020-065 was cloned and over-expressed in Escherichia coli
BL21 (DE3). The recombinant enzyme was purified by Ni-NTA column and characterized. Gel filtration and SDS-PAGE
analysis showed that the native form of HheTM was a tetramer. It exhibited the highest activity at 50 °C. The nature and pH
of the buffer had a great effect on its activity. The enzyme maintained high stability under the alkaline conditions and below
30 °C. HheTM catalyzed the transformation of ethyl(S)-4-chloro-3-hydroxybutyrate in the presence of cyanide, to give
ethyl (R)-4-cyano-3- hydroxybutyrate, a key intermediate for the synthesis of atorvastatin.

Keywords: halohydrin dehalogenase, Tistrella mobilis, ethyl(R)-4-cyano-3-hydroxybutyrate

(EC 4.5.1.X) (CN" Ny NO, SCN~ OCN
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Fig. 1 The dehalogenation of a vicinal halohydrin and HheA-AD2

epoxide ring opening by halohydrin dehalogenase. Corynebacterium strain N-1074

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



FE S/—MRFEFIZHERENE KA081020-065 YFT B SEZ R saABRY RIX L R R 1 661

HheA  HheB'? Agrobacterium
strain NHG3 DehB!"*'4
Mycobacerium sp. strain GP1
HheB-GP1*!
Agrobacterium radiobacter ADI1
HheC™ HheC

HheA-AD2
[15-16]

(S-Y-R)
[17-18]

[10,19-20]

20-35 kDa pH 8.0-9.5
40-50 C
( Cu* zn* Hg' )
[ (R)-4-  -3-
(Ethyl(R)-4-cyano-3-hydroxy-butyrate
(R)-HN) 2021 (R)-HN

(221 (Atorvastatin Lipitor

(Genome mining)
(23] Tistrella mobilis KA081020-065
HheTM
3

(S)4- -3

(Ethyl(S)-4-chloro-3-hydroxybutyrate  (S)-ECHB)
CN-
(R)-HN
1 AR5 %
11w
1.11
pET-32a(+) Novagen
FastDigest Fermentas
BD Bradford
BCA
R250 Solarbio (S)-4- -3-
(R)-4- -3-
1.1.2
AKTA purifier 10
GE APV 2000
APV RC6"
Thermo Agilent 7890A
Agilent

1.2 HWERBEK

(NCBI)
(http://www.ncbi.nlm.nih.gov/protein)
“halohydrin  dehalogenase” “halohydrin
hydrogen-halide-lyase”
BioEdit

ClustalW

Tistrella mobilis KA081020-065

(GenBank AFKS51877.1)
HheTM
jeat (http://www.jcat.de)
HheTM E. coli

cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2015 Vol.31 No.5

C 6xHis

13 BMEENRADGL
pET-32a(+) Nde I
(346 bp) Hind IIT
E. coli BL21 (DE3)
20 mL 100 pg/mL
LB 37 ‘C 200 r/min
800 mL LB
(100 pg/mL ) ODgy 1.0
IPTG 0.1 mmol/L
25 C 10 h 4 °C 6 000xg
4 C A (50 mmol/L
Na,HPO4-NaH,PO, pH 7.5 500 mmol/L NaCl)
-20C
A 4 C
12 000 r/min 30 min
0.45 um Ni-NTA
A B (50 mmol/L
Na,HPO4-NaH,PO, pH 7.5 500 mmol/L NaCl
500 mmol/L )
50 mmol/L 75 mmol/L 200 mmol/L
200 mmol/L
Amicon Ultra-15 ( 10 kDa)
C (50 mmol/L Na,HPO4-NaH,PO,

15 min

pH 7.5)
BCA

1.4 EEFMRNE
141
HheTM
SDS-PAGE

Superdex 200 10/300 GL 20 mmol/L
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150 mmol/L NaCl pH 7.2
0.5 mL/min

Ovalbumin (43.0 kDa) Conalbumin (75.0 kDa)
Conalbumin (158.0 kDa) Ferritin (440.0 kDa)
Thyroglobulin (669.0 kDa)
(S)-ECHB
(S)-ECHB (S)-3,4-
(Ethyl(S)-3,4-expoxybutyrate (S)-EEB)
Na,HPO4-NaH,PO4 (50 mmol/L

pH8.0) 1mL 40 mmol/L
(S)-ECHB 30°C
10 min 50 uL 1 mol/L
U)
1 pmol (S)-ECHB

Agilent 7890A
19091J-413 HP-5 (30 mx0.32 mmx0.25 pm)

FID 220 C 80 C 3 min
20 ‘C/min 160 C 1 min
(S)-ECHB  (S)-EEB
23 min 4.4 min
1.4.2 pH pH
HheTM pH pH
50 mmol/L

Na,HPO4-NaH,PO4 (pH 6.0-8.0)
Tris-H,SO4 (pH 8.0-9.0) Glycine-NaOH
(pH 9.0-10.0) Na,HPO4-NaOH

(pH 10.0-11.0)
pH
pH 100%
pH
HheTM pH pH
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ClustalW 7
91%—-98% 2
Identity  24%-33%( 1) 7
HheTM 3 - Ser-Tyr-Arg (S-Y-R)
Identity 30%—-38% HheTM
HheTM 3 (
BioEdit )

R 1 A e B2 e B 5 AL L AR

Table 1 Pairwise sequence identities of halohydrin dehalogenasesmes

GenBank Identity (%)
Group Name .
Accession No. HheA  HheA-AD2 HheB HheB-GP1 HheC HalB HheTM
A HheA BAA14361 100
HheA-AD2 AAK92100 97 100
B HheB BAA14362 24 24 100
HheB-GP1 AAK73175 26 26 98 100
C HheC AAK92099 33 33 26 27 100
HalB AAD34609 31 31 26 26 91 100
This work  HheTM AFKS51877 38 38 30 30 34 32 100
40 50 60 70
- | | 1 1 1
E}gﬁ AD2 5 A HAA PAVEA TQD (,HD\ ADA RQRSENGTIALAK v
HheB-GP1 5 KIL HAGSEEEAEF ARV E AT RO[SY IRY VI @A D ABR ar[@Fs Enfde TV AL AREK(E v
ncb-GrL oo T MARIGIKRE - - MEIN G| AGKR\/LLTNAYMGETVQVFEGAEVFADHTDLTKVGAA
HheB mARlcRkRrE - -MBNG AGKR\/LLTNAYMGETVQVFEGAEVIADHTDLTKVGAA
H]ec rrrrrrr MEREA VKEEIGEIMGS AL S E Al H VEIC H D[RS F Lqelde] = LEAATYQLKFMS ElFAE
HalB rrrrrrr WS TRy VKEERCEMGS AL S E A H VEIC H D[RS F LSelge] = LEAATYQLKPMS EldAEN |
HheTM MPVTDTAPRVEL ATKYA[EAP TVAARAS Q) Q| AGISESISTDOVAARAAWEADNQGMTAAE AEID[FA G|
90 100 110 120 130 140
- | | | | \ | |
E}SA AD2 DTLQHGEATIY\PRFMNRLPLEGS Al QMF> LQSA\APLRAAGGASV
HheB-GP1 2&r-arceEAlgr ) MY | PrPMNRL PIIE clYsEA] QVF> LQSA\APLRAAGGASV
neH- WV erAEH NI AN AvDAHFG - vTVLEYD LWQTYTIVHPLHRICRLF’FYE o[y
HheB WV erAEHINAM AN - AVDAHFG - vTVLEND LWQTYTIVHPLHRICRLPFYEN o
HheC PN 7 5 A Eo v BAARVENR | FAPEF - - aPlokY AV REF ARV NI A sEMK KKk s
HalB R T SAYEQGERERS AT - TYSRQS - -PTHIDKY AV AEAL RFA [V NEWIA S [8IM K KEIK S [&lH
HheTM AEMRDRMEGLHG | UEIIMAYPA I R - - RR| EE.EA AL EMLEEINTVFEFARASERNITPHL KAQGAEA|
heA ) 150 160 170 180 190 200 210
o I | | | I |
EheA AD BISVGKK[EL AYNP LESGPENSRWAT V A ESAA DG )-\I(‘F‘N -~ L REER
€ Bsvekk@iavne Ligcr VN TV ARYE s AARRT SDG R~ | c- [N E LrRER
HheB-GP1 Ba:avgcrecad AYs T FNarcy TGP AAH vNEN FllAQHWT Qi - FK[ED
HheB B A AmRY aeEcAL ANs TRGIFRar oy i TEMlcPEA ARH \/NNFAQHWTQK FKED
HheC B TP FowkeLs TRTSIGRGACT ANS GEY| vaP\ LHSEDS HVAH
HalB BonaLBawke s TReT s G Ac THANNES cevillFY- MRl L HsEDs v HV AH
HheTM s AEEEE parFAMMA TINRS S 7oA N ANEEAP H RGNV ARMF L Ys - RAKE DD[@AGAAR
220 230 260
| | |
HheA- AD2I I Ny el sl
\% G OFFAT rrrrrrrrr
HheB-GP1 M LA KS | E@D[EewAT - - - - - - - - -
HheB M v P KSIED -
HhIeC SCDYL T[gavFwLA| FFMIERWPGMPE
HalB F L@vvTi
HheTM GRL G| | AL BokAGFV ETVGITEWF

2 HEREBBFYILEAER

Fig. 2 Amino acid sequence alignment of halohydrin dehalogenases from Arthrobacter sp. AD2 (HheA-AD2,
GenBank Accession No. AAK92100), Corynebacterium strain N-1074 (HheA, GenBank Accession No. BAA14361),
Mycobacterium sp. strain GP1 (HheB-GP1, GenBank Accession No. AAK73175), Corynebacterium strain N-1074
(HheB, GenBank Accession No. BAA14362), Agrobacterium radiobacter strain AD1 (HheC, GenBank Accession No.
AAK92099), Agrobacterium tumefaciens (HalB, GenBank Accession No. AAD34609), and Tistrella mobilis
KA081020-065 (HheTM, GenBank Accession No. AFK51877).
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22 mEEEBR MBS HheTM BYRIE K 4i{k pH
HheTM pH HheTM
pET32a(+)-HheTM BL21 (DE3) pH 6.0-11.0 (S)-ECHB
Ni-NTA HheTM pH
HheTM 3 pH 10.0
2 3 HheTM pH<7.0 HheTM
26.0kDa ( 4A) HheTM  pH
101.2 kDa pH<7.0 HheTM
2.3 EEMIERIERR pH & pH I2E M HheTM pH >7.0
HheTM 24 h
pH 90% ( 4B)
F 2 HheTM ERALER
Table 2 Summary of the purification of HheTM
Purification step Total protein (mg) Total activity (U) Specific activity (U/mg)  Purification (fold)  Yield (%)
Crude HheTM 334.5 33116 9.9 1.0 100.0
Ni-NTA purified HheTM 67.0 1567.8 234 24 473
Da M | ) 3 24 BMMRERERREREMN
16— HheTM 50 C
662 — 35-50 C 80%
e ( 5A) HheTM HheTM
35.0 — 30 C 12 h
: 40 C HheTM
25.0 — w v 8h 50 C 2h HheTM
( 5B) HheTM 50 C
18.4 —
14.4 —
25 EMBHFMRIINESHR
HheTM 3
HheTM (R)-ECHB  (S)-ECHB
3 HheTM ZEH 41k SDS-PAGE 4 HheTM
Fig. 3 SDS-PAGE analysis of purified HheTM. M: (R)-ECHB 4- -3-
T TheTat before inducton: 3 arude. HheTvE 5 (5)-ECHB
purified Hhe TM. Kn  Keat 4

cjb@im.ac.cn



m ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2015 Vol.31 No.5

A 100 ~+-Na,HPO,-NaH,PO, B 120
——Tris-H,SO,
~ ol -=Glycine-NaOH =100}
S —o-Na,HPO,-NaOH S
z 2 80t
= 60 =
g 2 60}
3] =
z 40r §/&2 = —e—Na,HPO,-NaH,PO,
X 7 40F ——Tris-H,SO,
& ootk ~ —= Glycine-NaOH
20 —o-Na,HPO,-NaOH
0 1 1 1 1 I O 1 ! L L 1 i

o8
|
o
]
—_
(]
-
o
(o)}
B |
o]

9 10 11 12
pH pH
4 pH *f 3 B B 51 B Hhe TM B9S2
Fig. 4 Effect of pH on HheTM. (A) pH activity. (B) pH stability. For activity, the buffers were 50 mmol/L

Na,HPO,-NaH,PO, (pH 6.0-8.0), Tris-H,SO, (pH 8.0-9.0), Glycine-NaOH (pH 9.0-10.0), and Na,HPO,-NaOH (pH
10.0-11.0). For pH stability, the purified HheTM was pre-incubated in different buffers at 25 °C for 24 h.

A
100 B 120 -
g 80 F ;\3 100 s
2 2 80
= 60F =
8 & 60
2 40f E]
= S 40
[3) 172}
2 ol &
20 20
L 20 30 40 50 60 70 80 OO
Temperature (C) 1 (h)

5 REX Rz Es HheTM BY R0
Fig. 5 Effect of temperature on HheTM. (A) Activity. (B) Thermostability. For activity, the temperatures were

20-70 °C. For thermostability analysis, HheTM were incubated for 12 h at temperatures 30—50 °C, the activity of
enzyme without pre-incubation was taken as 100%.

%3 EEREE HheTM MEYMES 2.6 AREMLERXEEE 4R R0
Table 3 Substrate specificity of HheTM HheTM
Substrate Relative activity (%) 5

(S)-ECHB 100.0 HheTM Fe** zZn*" Cu*” HheTM

(R)-ECHB 146.1 6 10 mmol/L
SDS HheTM

1,3-DCP 50.4
5%  Tween-80 HheTM

4-chloro-3-hydroxybutyronitrile 3.1 EDTA HheTM

http://journals.im.ac.cn/cjben
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F4 HEHEEE HheTM BIEI HE5HE
Table 4 Kinetic constants of HheTM on (S)-ECHB

F 6 REEMEFIFINFEIFIXT HheTM BEFERISZ I
Table 6 Effects of surfactants and inhibitors on

the activity of HheTM
Substrate K, (mmol/L) Ky (s7) k°?‘/ K ] y
(L/(s-mmol)) Surfactants Concentration Relative activity (%)
(S)-ECHB  35.38+1.57  19.28+0.56 0.54
Control 100.0£0.0
£5 E£EBEBEFF HheTM BEFBIE T Tween-80 1% (VIV) 97.4+2.2
Table 5 Effects of metal ions on the activity of HheTM 5% (VIV) 97 1413
li Concentration  Relative activity
Ll o (L) (%) SDS 1 mmol/L 1.240.2
Control 100.0£0.0 10 mmol/L 0.0
Fe?* 1 29.8+1.1 EDTA 1 mmol/L 87.842.4
J L2 ge=ll2 10 mmol/L 56.5+3.4
1 78.4+1.8
Mg2+
5 75.8+4.6
1 POy 27 JLER ) gt o g o R b
zZn** R HheTM
5 23.3+£2.4
5 1 66.7+2.1 7
Mn**
5 58.5:4.0 HheTM
1 20.5+1.7 HheB-GP1 HheA-AD2
Cu2+
5 17.8+0.6 HheC 50 C
- 1 51.943.0 DehB Zn** Cu’’  HheTM
1
5 22.5+1.8
F 7 JLFA[E B2 R B AR 1R LA
Table 7 Comparison of properties of different halohydrin dehalogenases
Microorganisms Enzyme Molecular Temperature pH Inhibitors References
z
< J weight (kDa) optimum (C) optimum
Arthrobacter sp. HheA-AD2 29.0 50 8.5 2-Chloracetic acid [11]
AD2
Mycobacerium HheB-GP1 26.2 / / / [8]
sp. strain GP1
Agrobacterium DehB 27.9 40-60 8.8-9.5 2-Chloracetic acid, [13-14]
strain NHG3 Zn*", Cu**
Agrobacterium HheC 27.9 50 8.0-9.0 / [8]
radiobacter AD1
Tistrella  mobilis ~ HheTM 26.0 50 9.0-10.0  Zn**, Cu®’, SDS This work

KA081020-065

/not mentioned.

cjb@im.ac.cn
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2.8 F) R <8 HheTM £ ¥4 B (R)-HN 50 C pH
30 C
(HCN pKa 9) (S)-4- -3-
(S)-ECHB  (R)-HN CN
(R)-4-  -3-
[21] HheTM 10 g/L 200 mg/L
(10g/L  20g/L) 30 °C 10h 98% HheTM
200 mg/L (S)-4- -3-
10 g/L (S)-ECHB HheC ¥
(R)-HN 30 C 10h (S)-ECHB
98% 20 g/L (S)-ECHB
75% ( 6) p-
3 &%
REFERENCES

Tistrella mobilis KA081020-065
3

HheTM
100
80 |
S
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g
2 40f
S ——10 /L. (S)-ECHB
20| —+-20 g/L. (S)-ECHB
0 2 4 6 8 0 12
£ (h)

6 (R)-HN BI549& B AT i8] i 2% [

Fig. 6 The biosynthesis time course of (R)-HN by
HheTM. Reaction condition: 50 mmol/L of Tris-H,SO,
(pH 9.0) 10 g/L and 20 g/L (S)-ECHB, 200 mg/L
HheTM with a final volume of 20 mL at 30 °C for 12 h.
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