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Expression and characterization of a novel halohydrin
dehalogenase from Rhodospirillaceae bacterium
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Abstract: As a class of multifunctional biocatalysts, halohydrin dehalogenases are of great interest for the synthesis of chiral
B-substituted alcohols and epoxides. There are less than 40 halohydrin dehalogenases with relatively clear catalytic functions,
and most of them do not meet the requirements of scientific research and practical applications. Therefore, it is of great
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significance to excavate and identify more halohydrin dehalogenases. In the present study, a putative halohydrin dehalogenase
(HHDH-Ra) from Rhodospirillaceae bacterium was expressed and its enzymatic properties were investigated. The HHDH-Ra
gene was cloned into the expression host Escherichia coli BL21(DE3) and the target protein was shown to be soluble.
Substrate specificity studies showed that HHDH-Ra possesses excellent specificity for 1,3-dichloro-2-propanol (1,3-DCP) and
ethyl-4-chloro-3-hydroxybutyrate (CHBE). The optimum pH and temperature for HHDH-Ra with 1,3-DCP as the reaction
substrate were 8.0 and 30 °C, respectively. HHDH-Ra was stable at pH 6.0-8.0 and maintained about 70% of its original
activity after 100 h of treatment. The thermal stability results revealed that HHDH-Ra has a half-life of 60 h at 30 °C and
40 °C. When the temperature is increased to 50 °C, the enzyme still has a half-life of 20 h, which is much higher than that of
the reported enzymes. To sum up, the novel halohydrin dehalogenase from Rhodospirillaceae bacterium possesses good
temperature and pH stability as well as catalytic activity, and shows the potential to be used in the synthesis of chemical and

pharmaceutical intermediates.
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Fe A AR, b F I e I e it A R RS
fRfiEfE —BRIA Ser-Tyr-Arg, i SDR FK ik HA (457
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R F—MREFOEERNAERENERABHNREREREBIERESE 1301
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i [v] 5 BBORE 1) % 4 I 9 AE G B 4 e, dilFE pH
FaaetEZe.
1.4.6 RETREHENE

Haifbry H&EME S 20 mmol/L pH 8.0 1Y
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SRR 2514 . R FH Agilent GC-7820A &
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2 HER54
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2.1.1 HHDH-Ra FH| 447

HHDH-Ra JL[H 741 421 735 bp,  HL4hs 244 4~
S KM, ExPASy (https://www.expasy.org/) 7E2k
A FN AR 14y B 27 kDa, LA (pl)
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HheC =28 [l —2 i BB pi it =2 1] 119 2 11 )7 91
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P A T EUXE, B HHDH-Ra 5 ik A-G 2%
1) i O i 8 2 () ) O B — O AR X BAR, S
A KH RS Hhe-A8 (Alphaproteobacterium strain)
BA SRR Y58, 5 50%. HHDH-Ra
5 B 2&HE k%, 5 HheB (Corynebacterium sp.)
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Fig. 3 Sequence alignment of HHDH-Ra with known HHDHSs. The conserved catalytic residues (Ser136, Tyr149 and
Arg153) are marked with black triangle. Similar residues are framed in black area.
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HehD2-Gamma proteobacterium HTCC2207
HheD14-Gammaproteobacteria bacterium MOLA455
HheD4-Haliangium
HheD6-Marinobacter nanhaiticus_D15-8W
HheD10-Limnohabitans sp. Rim28
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I

ﬁ

|

r— HalB-Agrobacterium_tumefaciens

L HheC-4 grobacterium_radiobacter_strain_AD]
Hhe-Tm-Tistrella_mobilis KA081020-065
HHDH-Ra

HheA6-Candidatus Phaeomarinobacter _ectocarpi
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HheA8-Alpha proteobacterium Mf

—
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Fig. 4 Phylogenetic tree analysis of the HHDHSs family.
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2.2 HHDH-Ra BYFTIEE 41k

B4 B4 R E HHDH-Ra 3 K 54 ¥y 7t 2
kL pET-28a, PRI FHME L TRIFE A E. coli
BL21(DE3) #Fikfs Ehif7#ik, Ni-NTA 4lifk
BEE i H A 1. HHDH-Ra f3 ik Je 4l
feas L nE 5 Fw, HIWEAIK/NA 27 kDa, £F
4T, HHDH-Ra 7£ E. coli BL21(DE3) Hra] %
PERB RIF. Aifbfa E AR R — R, &
DR E W] R4l R T 95%.

2.3 HHDH-Ra R & & pH

A THY pH 2 52 M i P ) — A G4 ]
£, AFEH pH AT m ikEE b 2 L0 i A 250K
A, JEM A A AL TE R KRR E .
14 %E HHDH-Ra BEfEANE pH 28 vhia i i
i, DL 30 CAcMF T IS A BETS S 100%, 1A
XIS A5 ANE 6A iR, 7E pH 5.5-8.0 i
P, A IS I BE pH SIS &, {EL7E pH 7E
8.0-10.0 Z [a], HHXHiE F1 B pH (3G AN KT A,
Al Bl pH 8.0 & HHDH-Ra ficidi e b pH. 646, 1o
iz (pH 5.5) Kbl (pH 10.0) B9 S E A
4 HHDH-Ra R fb 5 W (i 17 o

kDa M |1 2 3 4

35

< HHDH-Ra
25

Bl5 HHDH-RaZEHEE.coliBL21 PFRIZRAKE
B kE

Fig. 5 SDS-PAGE analysis of the expression and
purification of HHDH-Ra in E. coli BL 21. M: marker;
Lane 1: whole-cell of E. coli expressing HHDH-Ra; Lane
2: crude extract of E. coli expressing HHDH-Ra; Lane 3:
precipitate of E. coli expressing HHDH-Ra; Lane 4:
purified enzyme.
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2.4 HHDH-Ra B§HI R N &R iEIRE

VL JEE [ 2 5 e il S L 1 — S B R R, 4
o T B R AR S R %, (L S 2 i i AR
AR . SEF UL, DEASTR T HHDH-Ra
fk 1,3-DCP myifitk. Z5HR K 6B frx, Hrp
30 ‘C HHDH-Ra fiff /2 v fzidi it B, 7E 20 C 5%
TFT, XSRS SAL, HA 40%; MifE 25-50 C
AT, MR EEE AR AT AR RRFE 80%LL b, FTAL
HHDH-Ra i G 7E F A8 5 12 10 Tt B2 70 RN 0 11T
Rl e BT T (40-50 C) AR {RERE
4 I
2.5 HHDH-Ra gy pH f2E

B pH R T 2 M il 552 o g FH 1 — >
PSR, K HHDH-Ra i} 53 %) &+ pH 5.0-10.0 %)
PBS ZZupiH, 4 CHE, TFE— Bt E B,
e AR AR S, DARDIR I A 2 100%,
HEAMXHE S, HIK 6C A%, HHDH-Ra 7E pH
6.0-8.0 AR HA BT ETE, 100 h LUSRESR
R 70% A A7 MBS , R IR 1 100 h, i
HHDH-Ra 7F pH 5.0 il pH 10.0 hiaE i, A
LA 30 h, &S] HHDH-Ra figil pH
8.0, IMiixMfEpH 8.0 HBAE R, it HHDH-Ra
S By FH R ISCHE B M FR 1Y pH 15CE 8.0,

2.6 HHDH-RaEgRIBEERE %

TRt 1% Y R 2 R ) il S o o FH ) o — A
IR, W 1.4.1 PEEEIE T, B
HHDH-Ra i} T pH 8.0 i PBS ZZmrifi v, 435
F4°C, 30 °C., 40 C, 50 CHrEMNRA, BbE—
B[RV BORE , I AR AR S, DA IR A B B
& 100%, THEARXTTE 7. ani&l 6D Fros, R
s, BEAYESE MEB2E . HHDH-Ra 78 4 C Y 3RES
i faE, 100 h BHPHEHA 60%LL EAIE T
HHDH-Ra 7£ 30 C .40 ‘C& M4 FHI2EEH A 60 h,
MR EE A R E 50 CH, ZEER A 20 h,
TER R EE N HHDH-Ra 2 4l my 4a Rk 2245k ki
Tt 5t e ol EL A B R RS M o H AT, SRR E 1)
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B 100f
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B 6 pH(A) FEE (B) X HHDH-Ra BgE IR AR pH (C) FEE (D) BERIMI

801
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401 #
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60
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Relative activity (%)
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{2 iy

Fig. 6 Effect of reaction pH (A) and temperature (B) on the activity of HHDH-Ra and determination of pH (C) and

thermal (D) stability of the purified HHDH-Ra.

PR 58 ol A T BE R R 2 ANERE A v P A v
fif HHDHSg (S. glossodoripedis) #1 HHDHIs
(1. salinarum), H:H HHDHIs 7£ 40 ‘C F{#i& 1 h,
M5 4k —2F, HHDHSg HB7E(RT 45 CHLL
BEE, HimT 45 CRIERM, 50 CHRIR 1h,

S A5 2k — 09 22 B %] HHDH-Ra 7£ 30-50 C
T FBL N R B A = 1 e (18] 6AY), T HL It i

PR B R A R AR M, Ul BRI AE

A TR A S B 07 FH B ) 3 W BE A TE Y il

i, ELREMT A2 8 i 09 BBt B, PR 2 A —
JO7 FH Y RE
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2.7 HHDH-Ra R4 S MR

BETSCHRIIAE , b I b T R S Ak 1Y I )
HHE AR . ARTFFRIERE T 6 Pl pd BB I it Y
WA EY), KA 141 A EENE T
HHDH-Ra X}ix 6 Fip fCEEAIRES , 25 Rk 2
ffi7~ . HHDH-Ra Jfgx} 1,3-—4&-2-INEE (1 a).
(RIS)-4-FH-3-FEE TR TR (2 al2 b) AT fEALTE
Pk, HAPXEY (R)-CHBE (2 a)fyitEmeE, H
2 (S)-CHBE (2 b), HHDH-Ra X 1-5-2-Ff Jk-2-
WNEE (3 @), 2-F-1-KZFE (4 a) VI 3-4-1,2-

TE (5 a) KEIAS 2 R
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%* 2 HHDH-Ra RS
Table 2 Substrates specificity of HHDH-Ra

Enzyme
Substrate activity
(U/mg)
la 1,3-dichloro-2-propanol 0.23

2a R-ethyl-4-chloro-3-hydroxybutyrate  0.41
2b  S-ethyl-4-chloro-3-hydroxybutyrate  0.34

3a 1-chloro-2-methylpropan-2-ol n.d
4a Rac-2-chloro-1-phenylethanol n.d
5a Rac-3-chloropropane-1,2-diol n.d

n.d: not detected.

2.8 HHDH-Ra f& 1,3-DCP BB 1 /2 iz

SLES %% T HHDH-Raf# fL A [F] ¥k & 1,3-DCP
SR RE , G5SR4 7 FFR JREAE RV AR 2 h,
JEEHIHEE 7 10 mmol/L F1 20 mmol/L i i fz i 3 %
FEAKAR, (AR S, ISR G Ik
R EE T R R, 1687 1,3-DCP % HHDH-Ra E.
AR E NI . FEEYIEEE 258 10, 20,
40,60 mmol/L I}, FEM 5% AL RAERT 2 h SO gk,
R AR TR . X FIRWkE RN
10 mmol/L [ 52 , 6 h UG Y61 %8 T 2%,
PEI P55 Ak 20 80% ; JIE 4 Mk B v T 10 mmol/L
BRI, SONHEATE] 4 h J5HAEE I, %
b %5351k 55% . 30%F1 10%.

= 10 mmol/L
+—20 mmol/L
100 —* 40 mmol/L
¥—60 mmol/L & F
s 80 —
2 i
RS L
% 60 ot i I
]
2 40
2 ) ¥
'q—m_, il o : -
= i ¥
20, s -§-
:"I v v
0

5 1015 20 25 30
t (h)
7 7A[E 1,3-DCP ik & ¥ HHDH-Ra &1k /2. bz B9 82 i

Fig. 7 Effect of different 1,3-DCP concentration on
dehalogenation catalyzed by HHDH-Ra.
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B TR0 G LASE , SE8eik %58 T ™) ECH
RN HHDH-Ra P~ A= il il . # HHDH-Ra i 5
AR BE /Y774 ECH 7E 30 C45F T L[ &E 1 h
M2 hJa, MEskaig, g58mE 8 iR, X4
RN ARZHAELE 5 mmol/L 1) ECH B, st
HHDH-Ra B % =90, A ECH W EErYE
A O R, 465 10 mmol/L () ECH i &
1 h, HHDH-Ra M3 HA 50% 44, it
Gh, TN S BE A B R RE R TG AR . A, fE
4% HHDH-Ra i1k, 1,3-DCP () i )i 1 # i  BE
ERNHEAT 2 h DUE, RAEHEREHAAR
RPN AT BE R Rl A B R, A
PR & ARG M & ik 4
7 Ho Al e 58 < FiHAE £k 1,3-DCP A2, ECH (1) 5
bR, B g BERG < B HHDHTm (T, mobilis
ZJB1405) FI1 HHDHIs (1. salinarum) 14k 1,3-DCP
G ECH B, & 3™ Py U503 Bl 25 S 4 e J3 44
hn R, 24t 20 mmol/L # % 100 mmol/L
IF, FPEPIBCR N T0%REZ 30%, [N 247l 1 2 5]
PRI, 8w R R R S B s A AL

2.9 HHDH-Ra {1t (R)-CHBE B4 % 1 /2 |z
DL (R)-CHBE MK, SCE2E42 T A

Y1 X+ HHDH-Ra Ak S s, 25 aniE 9

FiR. 5 1,3-DCP Ry Jic Bk iy 4 Ak 2o B A W] 1)

80

2 lh
70F 1 %Zh

(¥ (=)
fe=) =]
T T

Conversion (%)
L =
S o
T T

— [s]
< =
I T

=

S 10 20 40 60
Concentration (mmol/L)

8 ECH % HHDH-Ra Ky §
Fig. 8 Effect of ECH on activity of HHDH-Ra.
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100 —a—10 mmol/L.
—e—20 mmol/L
—4—4(0) mmol/L
80 v—60 mmol/L
S
260f
52
S
240t
=
L
o4
20 F
0

t(h)

B9 F[E R-CHBERE X HHDH-Ra fi# ¢ I 7 B 5211
Fig. 9 Effect of different R-CHBE concentration on
dehalogenation catalyzed by HHDH-Ra.

&, TE TN E A ISP vk BE S (10-60 mmol/L)
P, JEC e A 23R T G 00 AR JRE 1 18 T A [ e
HidEE, 38 (R)-CHBE % HHDH-Ra Ayl A
fn 1,3-DCP W3 . HFMAFTERT 2 h S
P SRR B E TR T RIS,
H S I AR R 72 % HHDH-Ra (936 M A= 1
P, fEAR SR, AR EILE Y 2 h LA
J&, RN B S 2R, XK
ULBH HHDH-Ra fE/WIfEER LT, EAaAH
VG o THIAR 1A AR P 2R 06 S BU VAR & P A T
PR IR BE DD, R BUEAL ROV JEATE 2 h
PUG ikt fr. W B TR 10 Fisrig,
BV 5 B AR Z5 rh o R R A0
JEl L, DA S 380 0 1A 7 31— 52 B R) I R 4 fE R
BEARAE (IR S 1) . FE R 25,
25 R FH R R 3R s 2 AR 2R R PR T R T
FASC LIS LIRS (77 #) S 800

3 &%

T BB P A e X . AR A, HE R
JiF Rhodospirillaceae bacterium OCH5-H10 A9l
E 4 HHDH-Ra (WP-082752032.1) J2&— g il
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%) i P 5 i 1 . HHDH-Ra 5 H i C 8B BirA g 1
JI5E 1 it ) 28 S PR — UM AR AR XS BLAIR, 7E 25%-40%
Z 8], fxfE ok 50%., HHDH-Ra 5 H At i s i 1 1t
FGAME

HHDH-Ra {14 il 14 Jot 0F 5% 3% B 1% i BB i
L BERSTE E. coli "hIERIA. IR S HEmt
5% #¢M HHDH-Ra fig sk 1,3-DCP il (R/S)-CHBE
(R P S o il P T 5% S HHDH-Ra [
il pH 4 8.0, fxid i )E k30 'C. HHDH-Ra &
pH 6.0-8.0 #RHA B RYFEE M, 100 h LU h6E
1545 70% 726 45 TS . HHDH-Ra ELAA 48 5 B Il
FROEME, XA 4 CHIFREE T iARE, 100 h 7
HA 60%LL FAGIE S, 1E 30-40 CE&MF R 23
5i5%] 60 ho AWFFE AT g — 22 F 5 T 1k BEB
B0 425, TR R A e e AR A T P S R
25 1 Tl AR 1Y A 5
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