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Abstract: Microbial epoxide hydrolases (EHs, EC 3.3.2.3) catalyze the enantioselective ring opening of racemic
epoxides to the chiral epoxides and vicinal diols. EHs have high catalytic efficiency and chemical-, region-, and stereo-
selectivity without cofactors, and are conducive to the synthesis of high-purity chiral compounds by biotransformation.
Since they were discovered, EHs have become very important catalysts and powerful biosynthetic elements for the
green synthesis of chiral drugs in industry. In the last 10 years, with the rapid development of genomics, molecular
biology, chemical biology and structural biology, researchers have found a variety of EHs from various microorganisms
with potential applications. At the same time, researchers have also paid a lot of attention to the enzymatic properties,

protein structure and catalytic mechanism of microbial EHs. This review introduces the currently well-understood
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catalytic mechanism of microbial EHs, such as ArEH from Agrobacterium radiobacter and limonene 1,2-EH from

Rhodococcus erythropolis. Moreover, it summarizes 30+ microbial EHs with potential values, which were newly

discovered in the last decade based on genome mining of microorganisms, along with the cognate biosynthetic

pathways for natural product production. At least 15 crystal structures of new microbial EHs have been elucidated,

helping people further understand the catalytic mechanisms at atomic levels and laying the foundation of their

evolutions and applications. In addition, the applications of EHs in the field of pharmaceuticals and synthetic biology

are also highlighted. Nowadays, researchers are mainly focusing on the improvement of catalytic activity, specificity

and efficiency, as well as enantio-purity and yield of the products from microbial EHs with two main strategies: random

or rational mutations of enzymes and strains, and artificial design of enzyme cascades within chassis cells. In the

future, the synthesis of chiral drugs catalyzed by EHs will commence on the evolution of enzymatic activity, and

assembly of multi-enzyme instead of single-enzyme in a cell factory for efficient biocatalysis.
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FetE, C& BN T2 (R 4R G R 4 = 22 (1)
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kS, RMAFMHISAES S, FR
FEPI PR 5 7 SRUR T BUR T AR AT B
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PRI 5 A R A% 4 65 g Sl T - 5 ) i A T e
) 25 1) B T H EE o MR AN BT S 4Rk B, SR MR A
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Tab.1 Newly discovered microbial EHs in 2010—2019

, K e
ETAE o 4 W 74 -
A" Sk
1 4R9L  Rhodococcus erythropolis w > ,,,, Q{JH [11]
DCL14 o OH
2 4NZZ  Bacillus megaterium O O [12]
v w0l
3 SJPU  Rhodococcus erythropolis ()O O,OH O\ [13]
"OH
4 61X4  Aspergillus usamii E001 W ©_<‘ . W [14]
5  AKiRiE Dentipellis sp. KUC8613 :Oo j@Hﬂ” [15]
OH
6 VvEH-Am Agromyces mediolanus @_{f o} OH [16]
O—=< - O,
o) oH
C/O\N o< 0 _A_OH
+
7 KRG Aspergillus tubingensis TF1 ©_<? IIIII <cl) [17]
8  KRIRIE Aspergillus niger ZJUTZQ208 PR SR + Ho\ji/R [18]
R=N3, NH, R=Ms or NH; (R }-enantiomers (5 ol
orCl, Br, |
R=C1, Bror | [§)}enantiomers ( J-dlicd
9 R Rhodobacterales bacterium 0<% o o [19]
o~ o OH
HTCC2654 @ @( ~, @(
10 McEH  Caulobacter crescentus ©/& d&—/OH [20]
11 SpoF  Salinospora tropica CNB-440 2 Ho PH [21]
12 SgrF  Streptomyces griseus IFO ©/A ©)_/
13 BMEH B. megaterium QMB 1551 o \/QO 5 [22]
o o OH
o oot
14 CMEH Cupriavidus HaC N HiC " [23]
HO
metallidurans-CH34 ° on
15 AmEH Agromyces mediolanus a \/AO e L\o [24]
ZJB120203
0 <7 o <7
16 TpEH1 Tsukamurella paurometabola ©/ O/ [25]
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i i SCHR
17 RIRIE  Galactomyces geotrichum [26]
ZJUTZQ200
18  AbEH Aspergillus [27]
brasiliensis CCT 1435
19 EphD  Mycobacterium tuberculosis [28]
20  3RGA Streptomyces lasaliensis [29]
21 5CXO  Streptomyces albus [30]
ATCC 21838
22 6FXD  Pseudomonas fluorescens (31]
23 AurD  Calcarisporium arbuscula [32]
24 CtvD  Aspergillus terreus var. aureus [33]
25 NcsF2  Streptomyces carzinostaticus [34]
ATCC 15944
26 Pen)  Penicillium sp. OCH3 o OCH3 [35]
27 AsqB  Aspergillus nidulans O O
OH o] OH
= Obchg = OtbcH,
o OH O O
28 MonBUIl Streptomyces cinnamonesis (o) [36]

29 SalBI/II/II Streptomyces albus DSM
41398

30 Aual  Stigmatella aurantiaca
Sgal5

[38]
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31 NsnG  Nocardiopsis sp. @ [39]
CMB-M0232
32 AlplU Streptomyces ambofaciens oo, M [40]
|ﬁ)l\|-’\ b
33 Lom6  Salinispora pacifica [,-,’ 11/ ¥ "o
: +M
oo M
34 Tstl  Streptomyces laurentii
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R —E—ue:"“ [41]
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S5 T. BOYEEN)SE, EHs X Bl Ak £
IR, REANXS FRAK A4 H e PR S AP ] % o 7 Al 1
WAL I, A P EENE T
Yyep A e il R - RSN ot o R
BTN ($)-05 B AR K H IR S

JAEATIS e iiURAN VA L HIUE S-Sk A
SEABENLRAR T IEARML R AR P g R
S TG E 1 AR, AN TR SR VR A AR
EHs /i LA A E506 $2 - fR A5 PR o % e ae 3 1 DA &
PR PR R M B . Saini 557 M Streptomyces
griseus NBRC 13350 J& K 2 K 3L T —FlUBi 1 EH,
1% EH e e R B4 K H il (PGED 3l 1590 il
HN(R)-PGE. BT AR S5, M Mh
PSR 20:1 JFERD). pH 7.5, 20°C. A%
0% IR B (R E0 B, (R)-PGE™
RN 34%, e.e.iEF99%.

F B BE LI AR HE0E, Tin 2% U8 f ] ©Co v 5 £

1 A 2% BRI 5 A% BH A2 77 B8 Kk Aspergillus niger
ZJB-09103, §iik ] 7 FHPE R AL F AR K EH, HE
PEIAEF) 33.7 Ulg, A& W74 B3 Pk EH 5 111 2.7 £i% o
TRAFIRAE A AR (S -1 S8 SR e FIT = 1940 2 B 1) 4
BT 251, eeik®99%, WERLN17.6%. izH
il 1) 5 ) AL R, Zouw &5 Tl i ik AR A R AR
ArEH, R ILT247K/1108L/D131S %845 [f] ArEH 5 ¥
ARG AR L, PR SR SR AL R w3 T 4.5
5, PR R BE RO R R B R T 2.1 £
50°CHAF TG E MR = T 8% . I RASH ArEH
T HME e A R e AT 30 S5 73, (R -
P B N 40.2%, H e.e. KT 99.9%, /= &ik
#1410 g/(L-d)®

22 ETFEHENZFESHHEFEAESYEN
5i&

2R W0 RV ) EHs AN UFE T 1 25 W b 8] i
BN, B T AR OR A W) S AR R
RN, EHsE N — D EZEK G Moot KRR
A R AL A A A g AR B
HRERWELIE . RBTWAES L& R
ST B M AR T AR W . HET, M
AL EHs N & i e A 41 B A & W0 B AR W 6 B&
o, & AE BLR g A O ARER I R A% R A4l
f U0 A AR B ROV AR AR S b A T
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KM wEARIERE S, BERERE. 7F
Z T UL KA AT BN B, R EHs 5 H A i 4k
JCAFREAT BREE, ANITE BT A R R AR . Yu
MR T — BAX R R B RS, %R B
4 N id A AL OleTIE i Jec 470 4% TR IR I 2 Sk o 2R
W, NS P450-BM3 4 205 AL L (R -4
WK I, B a il Aspergillus niger K5 11 7K fift
fitf ANEH # 8A02K 0 TF 3R K i AR Bl R B R 2, — i
P o 1% E BSOS T X A 2 O FoftJE A S BB v
BeAb Rk g . Ah, Sun %k BT —
RO =5 — kR R G . 1% KRG KA AKX
B H il R -T2, RN R A
AU ATHRER B -FEHAE. EHET
AlaDH/L-Ala 3B 7 B4 KRG H T HAE G RT
) F T NAD A L BR =) R, JF I BE &1
WY T TR B 25 i 7 A Aok S P 4 g 5 S 4 5 7 ) AR
BRI TT IRV R & o B2, HHAME IE R 206 A AL Bk
il i (RO-ZR I H & EE, 7R H1E81.9%,
e.e.1899% . Liu% " R T NO- KAy —F
GO A1, 2-F R V. R T
— il R AR A W A A T S N, A BB RA A K
fift B SpEH. I #%5 it & B MnADH Hl o - ¥ 2 i
PAKw-TA, F Z0I% S o7 i 28 44 S8 7E K AT B BL21
(SGMP) 1AW . Hh, #FRFELERIES R
Jit S GluDH A 73 41 i 7T LA [R] B R i B[R] -7 A
AR, BT RN AR E R RS %
T2 SGMP AL =P e.e. KT 99%, M (-3
AR CIER) 1, 2- T BB I A %05 99.6%: 71 4h 4
Tl () - M HE B N 1, 2-F FEBE (R 4k R AE 65%
~96.4%.

B 1 IR DUR WA B D S B v vk A R S R A
Yuan 55 Y p AT K AR A BRI P RE A PN A ST
PAZK 205 2 v ()R AR 72 2R 2 I N AR & ik
WAL . %A 2R T SR 2 R A T PAL AR 2R
1% Wt AR i FDC 44 2K TR 2 I8 it &2 25/ 3R A iR &
Mz PR OIRHHAT (-G, B3 SO-2K
s T 2K 200 5 0 A SMO b Ak AR R
(O-ME Lk fefa, FHHZEE 5 % HXN-200
ol B I E UK A B SpEH/StEH X} ($)-3R %8, 2
HEAT X Ik B KR, AR (S)- 2R3k 2 —RE B (R)-

RE L T ZBE AR, B SRR R R
KA B 25 W% S B AT ATE BUAZ T 3 BRI BF 1 T e
PERIL . NIRRT AR, & TR o 7
B L) FERS 9296 hJm, WIA 45 100~120 mg/L
RS- He & ZBEE(R)- R £ .

3 & #

21 22 Dk, FEPH A 20 s R R Al ATk
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M%7, BEEEYERY. HTBA%EIEN
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FYAY PR AR T — R B0 0 Tk 2k
T e MNP K R AR 4 35 R 4 4 4 7 2 EHEs 11
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o B R A AR B A R A A e A 1 T
J1. B, 75 RN AED KRR =LY A K&
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X HE B AATA W 7892 EHs B . 3 A &% 10
EHs A=V S B BP0 25 e A P

EHs 45 1) 4£ 9 2 77 TH 10T 53 35 Bh 0T 90 34 560
TE B T T EHs (AR AL, 0 IR FHOMURR 1)
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1B, R S50 A9 % T B AT 7 24 3k A2 ) EHEs 45
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