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Optimization of the Reaction Conditions for (R)-Phenyl-1,2-ethanediol Preparation by Recombinant
Epoxide Hydrolase from Caulobacter crescentus. Lee, Ok Kyung and Hee Sook Kim*. Department of
Food Science and Biotechnology, Kyungsung University, Busan 608-736, Korea — Enantioconvergent hydrolysis
process for the preparation of chiral diol from racemic epoxides by using the recombinant Caulobacter cres-
centus epoxide hydrolase (CcEH) in Escherichia coli BL21 (DE3) was optimized. For the optimization, the
effects of detergent, temperature and product inhibition on the enantiopurity and the yield of diol were investi-
gated. (R)-phenyl-1,2-ethanediol with 92% enantiomeric excess and 56% yield from 20 mM racemic styrene
oxide was obtained by using the recombinant CcEH at the optimal condition of 10°C and the addition of 2%
(w/v) Tween 80. At 50 mM racemic styrene oxide was used as a substrate, (R)-phenyl-1,2-ethanediol was
obtained with 87% enantiomeric excess and 77% yield. Racemic phenyl-1,2-ethanediol, (R)-phenyl-1,2-
ethanediol and (S)-phenyl-1,2-ethanediol dramatically inhibited the hydrolytic activity of the recombinant
CcEH. These results suggested that another EH with the regioselectivity on B-position of (R)-enantiomer and
without feedback inhibition by products would be needed as the partner EH of C. crescentus EH.
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Z7} BEHE (R)-p-chlorostyrene diols AAFT S 24 A7}
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96% ee °]7F2] (R)-p-chlorostyrene diol- 93%2] ¢ =
< FE2 4d& F UddT Basgdvfi4]. o=
enantioconvergent hydrolysis HH5-3- ©]-8-3= 3¢ 538
A 2ae] el o] EhE 50% wAE S5 4 9
o} 89 A7AFHNN &85 S tuberosum EH= 30|57
= 2 84 AA7E Fig. 1os} 7o) g2 714 2zl o
st ME AR YAMEA F HFAEAS 71X
I glao] A, dd EANES Abgsled = 2T styrene
oxide 7] 24E] (R)-phenyl-1,2-ethanediolS FAA|Z 4=
UL BRI [14]. RIAE FolME Caulobacter crescentus
o] EHV} Al 5502l S. uberosum EHS} 7o) T EH &
4 274 8= styrene oxideol] thE] M2 AbE R Q)
dAAEA 9 AAAAA L 7FA AL Qle FEEA diolS
Ak Agsioiar siioh12]. £ A7olre Bekea
diols 2 82 A F3)7] 938l C crescentus 51¢)
EH +32HCcEH)E cold shock protein®] promoter”} £o]
sle] A2ollM S8 hfAlS TEEF AL § gle
pColdl #HEjel] 413t vkE AR TS S =
AR&stedet. 71l 21 styrene oxide2} AEel 7t Sof
UE HREFES] vh2 5 W3t 9 tlefdl detergente] A
7P} AlZsle] sl= F3tEA] o FAke] =9} (R)-phenyl-1,2-
ethanediol®] Be Y £ AT wA| = 38k
< AR B vhe 271E FH3Eks) sl

HF B
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M=t E. coli Bi=A

C. crescentus®] ol|FAlo) = 7FprRa) 4 (CcEH)E A
ol WEAF]7] $18ked E. coli DHSo M| E25-8) A A8k
pColdl/CcEH A3 E2kAn|= DNAS AAsH 3 1 %
<l E. coli BL21(DE3) competent cellol]] 32431z ch
[12]. AHE FAAAEg PAARAE ampicillin (50 pg/
ml)e] A7} 10 ml¢] LB ®iX]¢]| overnight seed culture
315127 150 mie] A2-F LB w7} S8l 500 ml At
ZHEekael] 225 mbe AFESle] 37°CNA] A1t wioFsla
o}, pColdl vector[16]% cold shock protein(cspA) promoter
9} lac operator 37|A G o] AU He] Q)= vectore] BLE wf
kil E=FErl ODel A 0.4-0.52 2 wj7ix] 37°CE. Wi
e o ekl 15°CE WAsled 3087 WXghe ey
we exd] FeAZch D] FHE vhe FEA71]
sfake] AF5E7} | mMe] =5 IPIGE H7RIAL 15°C
oA 24412t REheerslgct.

C. crescentus EHE O|&8} enantioconvergent 712
s HIS

AN ZF CcEH A&7 10 mg AEF=k(dry cell weight,
dew)2- 100 mM potassium phosphate buffer (pH 8.0)e] &

A A uhgele] AN HIE | mE 3L 7|AEA FHEF
X 20 mMo| FEZ- 2T styrene oxideE- 7181w} vt
7] 2% screw-cap vialZ ARE-3112 30°C, 250 rpme)]
zetujefrlo M Hhe-& F3EG . W F 2 7)Aal
styrene oxide®] #3rEe} &8 A ¢lsle] ub-g<y
2] JR-E2 E8] cyclohexane® 2 F+%3}] chiral column
o] A2kEl GCE FA3)9ial AJAdE<! phenyl-1,2-cthanediol
o] Bzl 82 5 ethyl acetateE FF 3}
chiral HPLCE #X3}l e}, 717 4] #pAlR] styrene oxide2}
EFEAR AHE3 (R)- 2 (S)-phenyl-1,2-ethanediol
Aldrich Chemical Co. (USAYIA F313ke] ARg-s}gie.

2c 3 Alsedd Mol HE Y diok| XsiEat BIt

o FAfo) = FlpRs] BEAE o] 43t FIET wheEE9)
ekl nAle 2= s A St 5~30°C
o] oheFgt 2x=ollA uRE-E skl e 20 mM A
styrene oxideZ 7|22 dl= uh-g-9Ael| glycerol, Tween 20
9 Tween 80 52 AHIAAE 78l iS5 4 3
ol vAE JaRE Bk

w3, AAE) 23k feed back A5 H7)sh7] $l31d
o] FAbo| = TR E AR AT styrene oxideE 7FE-
313} o] WA E= phenyl-1,2-ethanediols- W53l 1)
2] Arsle] RS EE S48 CcEH A5 10
mg dewE 100 mM potassium phosphate buffer(pH 8.0)
o A7 F 71AZ 10 mM F=9 M styrene
oxideZ A7F3kA e AHEAEE 0~200 mM FE2| 2}
A phenyl-1,2-ethanediol, < (R)- ¥ (S)-phenyl-1,2-
ethanediots 27t Alg3le] 1 ml ¥H-&ollA] EH A& o
7V}, 30°C, 250 rpme] ek F7le A 108 St 7}
) S AAE e, vk T F RS §
9] cyclohexane>- 2 FZ3}o] 7|2 (chiral) GCE ‘FollE=
styrene oxideZ FA3le] W& EF A4lsle] AHAEE
Bkt

ZstE styrene oxide ¥ phenyl-1,2-ethanediole] =
AuHy

7181 AFe] styrene oxide & %3} (enantiomeric
excess, ee (%) = [S-RI/[S+R] x 100) ¥A|-& EEo|& 27|
(flame ionization detector, FID)7} 2% gas chromatography
(GC, M600D, Young-Lin, Korea)E A}-8-3}ivh. £4 4
column® 22X (R} (S)-styrene oxideoll 3t F-=el5o] 3}
= Supelco B-Dex 120(0.25 mm ID, 30 m length, 25 pm
film thickness, USAYZR-& AHE3l3dH. o] 87kage AL
2 AHgstg e, GC BAZR AL 2 E split ratio= 1:20,
flow ratex 0.5 m/mim®2. 2 ul®] A|85 F43led £4
191X, column, injector, detector®] &%+ 7+ 100, 220,

220°Ce)gie}.



AR styrene oxideZ} 7HPE-sl=e] AJA1E phenyl-1,2-
ethanediol?] BItew 2 g0 B L chiral HPLCE A}
B35t HhgN-S FTF] ethyl acetate® FE3F F £7]
4o 2 chiralcel OD column(25 c¢m length, 0.46 cm
ID, Daicel Inc., Japan)S ARE-3ted 254 nm®) UV detector
2 ¥A3 Y. HPLCY ©]54-2 2% hexane : 2-propanol
(92 : 8, whv)E AHEslg o EFE2A2 AMEE (R)- ¢
(S)-phenyl-1,2-ethanediol®] W5 A|7h-& 242t 2383} 25
Foldwh FIEE (ee, %) = ([(R)-diol] - [(S)-diol]) / ([(R)-
diol] + [(S)-diol]) X 100, % B&(C, %) = (1 - [residual styrene
oxide]/[initial styrene oxide]) x 100, FE(Y, %)= ((R)-
diol)/[initial styrene oxide]) x 10022 ZFz+ AlAlslsivt.
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Fig. 1. Reaction schemes of the kinetic resolution and enantio-
convergent hydrolysis of racemic epoxides by using EHs. A:
Kinetic resolution, B: enantioconvergent hydrolysis by using EH,
C: possible reactions from racemic styrene oxide by using EH [2].
Given yields are theoretical values.
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o2 QA AR 7Fssle(Fig. 10). 718 &
1% Aspergillus niger, Agrobacterium radiobacter X
Rhodotorula glutinis 52 EHE-S 90% ©]4F (R)-form ¥
A o)A@ B-carbond FAF] YATFEZ} FAHE 6b
23] retention ¥F2-o] Yo} (R)-enantiomerZHE] (R)-diol
o] MAEARH3], A1 el ARZHE E=E Solanum
tuberosum EH2] 7%~ (R)-enantiomer®] B-carbond- 3-431=
retention HF(92% P4 (R)-diole] AT (S)-enantiomer2]
a-carbons 343t AlFZ7} WP =+ inversion HHE-
97%)% 7 Ao} (9)-enantiomer2HEIE (R)-diole] A§
AEe] 2 o FAle| =R HE B dioks & 100%
A Abo] 7V8loH12]. S, tuberosum EHS| 74-$%-2F 7ol
retention ¥F2-2} inversion ¥Fg-o] & Aol F o 2A 3} 7}
2 BRAEE F2 PA 3= 1713 & enantioconvergent
hydrolysis (“6‘r 7)) vhsolgia 2 E g
A ARggt X3 CcEH A&912] 7§ 94| Fig. 1egk 2
o] (R)-styrene oxide®] B-carbonS 374 3led (R)-phenyl-
1,2-ethanediol 2 WA 3} FAJol (S)-styrene oxided] o-
carbon 3743} (R)-phenyl-1,2-ethanediols A3 o2
# 7)1&e] FY3PY E3hEge] o] E& 50 %8 IAE =
Erts]— 2 9\1044[12]
Agubaiel FA W29l 3o°c<>1w =3+ CcEH 4%
)& Akgsle] FRpa) WS FEE A o|EpE 50%
o] A= FEF 4 A 20 mM =AY styrene
oxide 7] &l AZv] 10 mg dew ml'E AME-311 S o
30°Col Al 208 WHS-A] 85% ee 72l (R)-phenyl-1,2-
ethanediol® 69% 82 95 4 gdv12]. #eax9}
FEE PPN HEled RS W) NS 7R 2
1= Fig. 29+ 29w 20 mM 217 styrene oxide 73]
g3l 5°C uk-g-2] A% 408 712 F (R)-styrene oxide2]|
Bt 99%e] EEIg ot 82 20%0)%2m ol
BhS- YAE-2l (R)-phenyl-1,2-ethanediol®] B2t 91%
2 spEglom 82 68%51T). 10°CHIAM HES-A)7] 7%
20381 7144 *‘é’ﬂ"ﬁlﬁ} 99%°] o o|wf vhE- WAE
9l diol®] FIEEE 90%, T+ T7%H 3L 20°C HH5-2]
7% 108 713l “3’—17: | 99%°) o]Z2F.om ofdf "E
52l (R)-phenyl-1,2-ethanediol®] FEEt 89%=E &
L G o] A= W27} EHS A]—%-?;}o:] 2hA]
1) o Fafo) 25 A Ao el 83k o
FAAYE T T QAAAHAE value)l| A 52
33k olv) lipased AMESlel UAHA ol 2w 2 wE}
2oj|A] o|n] Z ¥l 2™ [17], Manoj 5 [13} A. niger®]
EH% ARg8led p-chlorostyrene oxideZ EHZ 7Fpi-sj|ub-g-
151932 o) 27°CAA ~40% AEZFW E valuert 0°Ce|
1 HSA1 2 S o) ~100%2] E valueZ 3/FEHA A o=
TR Bgubge] d9gshy |4 wFelzla st
CcEHE AH&-3te] @A™ styrene oxideZH-E] (R)-phenyl-

o(r
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Fig. 2. Effects of the reaction temperature on the enantiopu-
rity and yield of (R)-phenyl-1,2-ethanediol in the enantiocon-
vergent hydrolysis reaction catalyzed by CcEH. A: 20°C, B:
10°C, C: 5°C.

1,2-ethanediol& AAJ51= enantioconvergent 7}~5-3) ukg-
S k= AF, WS R AN RS FekeE Y
&5 T3t 7 HA] uhgeEE 10°CE ARG
(Fig. 2).

CcEHE 0|28t enantioconvergent hydrolysis B0l
M detergent E7}e| sk BN
EHZ ©]$& epoxide?] UAANA 71piaulgola] 3

g3 of| Fate| =8 Alzsh=d] AHEAAS A ) 7
Fi&E, Feee 9@ $E5 AR vt 9le10, 1] o
24 EHY| 39 uhe-& o]-83t B3 diol A
IM = detergent 7P} BEkrE @ ¢85 A 5
WEAE BAFHASR. WA 10%(w/v) glycerol & BE-Hel]
A7Vsle] 10°CAAM v 343t A3 glycerobs A7t
A Z 2ol vlste] £48F (R)-styrene oxideE A&
T e FEEE S} wepg oy 82 13% Hiell
A& g gdlen Fseuks A7 doiA]= (R)-phenyl-
1,2-ethanediol®] &2 80%2 Z7}slg ot B
87% = Z}Astad Tl 10%(wiv) Tween 202 A 7}5le] 9]¢}
st e g wg-S 3t A3 FEEEke A=
o] B ol FAL| 28] &L 25%2 F7IEI e (R)-
phenyl-1,2-ethanediol 43 E-] Jere Y $E- FAHA
717 %81}, Tween 809] 7-¢- 10%(w/v)2E W& 5
etz s3]0t FE2449] AR ofeso= gl
AEkakg A2-sledn). 1~3%(wiv) Tween 80 HRS-Holl A
7}3le] Wbe-& 33 A 3% Hrbe R3] ARREE]el of
el slsier, 2% H7h= FerEsHkS) o) A=
(R)-styrene oxide®] F-E(99%)9 T&(31%) X WH%
=5 Ao BekpFnbeol - e AMAE (R)-phenyl-
1,2-ethanediol®] =g 92%2 FFAFH L= 56% 4
< 4 dThFig. 4). 1%(wiv) Tween 802 A71= B2
GubgoAje] ¢&-L dgkon} Bepgubdol A= T2t
Bl 52 B34S 90%2] (R)-phenyl-1,2-ethanediol 2
66% A& 4 JUsich. 919 AN FepHuREe] A
£l (R)-phenyl-1,2-ethanediol®] B3ETZE Fo)7] $18}d
Tween 80% 2%(w/v) H7}8l= Aol 10%(wiv) glycerol 2
10%(w/v) Tween 20| 7}l AR} FH2AY-S U9
o}, Gong $[81 Bacillus megaterium®] EHZE ©]-8-3F ¢J
A A 7R vl FEEA o FAl| =E A|E8)
ol uhS-EgE] Tween 805 H7Ishd B4 o] 4
Hrja B uslglon, Lee?} Lee[11F= Rhodotorula glutinis
EHZS- AZ&3t Pichia pastorises AAZAA AZul=. A}
43 o) A\FAIAIQ] Triton X-100, Tween 20 2 Tween 80
5= AUkt F47E AR T #3384 epichlorohydrin
A Qlot ZleRE] Sx 1.7~2.49 WAl YA
AL 1.2~1.8 A=Yl B 138 v} 9lo). Kronenburg
% Bont [9F= R. glutinis EH 7}-E-8fjellA] 7|22 styrene
oxideE AHE-3191-S o wlo| 24 A= &AdA|Ql Thesite] E-
ratiocs FolFgoem 71A= 1 2-epoxyhexanes ARS-E 7-$-
no] 24 A& A octyl-glucoside, dodesyl-maltoside,
sucrosemonolaurate & Thesit 5] E-ratios 10v)] o}A} &F
A1 Z T Tween 20 FA] F7ke] EFAE B om, FolL
ARGAGAIE o B3} glglvhal 313ich. £ AlgelA]
A8t CcEH AZE019] 7-%-, enantioconvergent hydrolysis
kgl A 71 M get AW A A 25 Tween 8022
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Fig. 3. Effects of Tween 80 on the enantiopurity and yield of
(R)-phenyl-1,2-ethanediol in the enantioconvergent hydrolysis
reaction catalyzed by CcEH. A: 10°C in the presence of 1%(w/v)
Tween 80, B: 10°C in the presence of 2%(w/v) Tween 80, C: 10°C
in the presence of 3%(w/v) Tween 80.

2%(wiv) 377} A A2 BAeie

CcEHE 0|88t enantioconvergent hydrolysis BHS0||
M BISUMEEQ! diole] XMaiEzt HIt

CcEH AZFAFE o] 83le] X7 423 (R)-diol
& Az3Re 1hgell glo] ukg AAE< diokell 23 EH &
A4 A= A4 4 ook AJEQ] phenyl-1,2-ethanediol
o] F=7F 27 7l ol A3EE vXex| dolrw
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Fig. 4. Inhibition effects of enantiopure and racemic phenyl-
1,2-ethanediol concentrations on the initial hydrolysis rate of
CcEH. The used substrate was 20 mM racemic styrene oxide. The
reactions were carried out at 30°C for 10 min.

AF 2RA™ phenyl-1,2-ethanediol £ <28+ (R)- 4 (5)-
phenyl-1,2-ethanediol®] F=E- 0~200 mM7}#| o}ofsl 5=
2 H7bete] 1087F A7) FelleE R)- 2 (5)-
styrene oxided] =5 GCZ HA35le] EHe| 7leits] &
AL EAAY A8 F3, CcEHS 7% 247 phenyl-
1,2-ethanediolZ- A7FPA 10 mM A® diol F=45E] 7}
23l BREEr} A31E7] A1l 100 mM FEe] Al
A= he<4E7) 1,91 umol/min/mgellA 1.53 wmol/min/mg
o2 A3 A3k & 5 AR Fig. 4). =% 53
A dioks A7IeE A% =AY diol®] 7399 Zo]
284S A8ty 2™ (R)-phenyl-1,2-ethanediol 2.} (S)-
phenyl-1,2-ethanediol 2 218} ¥I-3-&% 71 23] #3g &
o 4= g9lodet. w2bA enantioconvergent 78] W] A
§ Hh&o] APHeF AYHE diol®] FE7F A7) o
ol 7149 F= 10 mM o] Aol A ukg-§ aYsha A
E<¢) phenyl-1,2-ethanediol®] 3] A2 QI3 vksS=E
9 BEEEe] A3} dAbEe. webA diole] AE 8
koA (R)-styrene oxideol] Hdle] $AH o2 F)RE)
g 3k AESE A3 CcEHSF $ com-
bination ¥H8-& 3sivhd uhe<&re} SJsee 9 58
o] 7P Aol

EHxZ210|lM CcEHE 0|88t enantioconvergent 71
=83 HtS

ANZF CcEH A2 739 27] 715838 &7} 7|&
o X% EHEell Wu]sle] A3 wi2w s3ehisiuhgo
A &3 (S)-styrene oxideE G-S § o} UA|AIEA o
& Ho| opjoir HHEANAM AIKEE 99% o149 (S)-
styrene oxideE ¢]EE-(50%) W] w2 841 20% Hhell
9S8 4= glgie}. vkl IA A o] B2 R glutinistt A
niger®] EHoP= €] YA 27 AT 9AA1=A
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I3 M2 AFEAe) CcERE A3l (R)-styrene oxide
2 (S)-styrene oxide®F-F (R)-phenyl-1,2-ethanediolE- ©}
E4E 100%2 35 5 e Aol sidkFig. 10). Az
CcEH A3 10 mg& AMS-3le] Ukl Hk$-2=4] 30°C
oA 20 mM 29 styrene oxideol] Thale] HREES A|zHEE
2] 2085k 7149 BT >99%¢] sl on, B3}
4% 85%2) (R)-phenyl-1,2-ethanediol®- 69% T8& d&
T Al 2 vhAREY] BEEE 90% o)k AR
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