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The effects of reaction temperature and the addition of various detergents on the enantioselective hydrolysis activity of the
recombinant Escherichia coli containing the epoxide hydrolase (EH) gene of Rhodotorula glutinis were investigated for the
production of enantiopure styrene oxide. The recombinant E. coli harboring the EH gene from R. glutinis exhibited the
enantiopreference toward (R)-styrene oxide with the maximum hydrolytic activity of 165.04 pmol/min/mg of dry cell weight
(dew). The addition of 0.5% (w/v) Tween 20 at 10C increased the initial hydrolysis rate and enantioselectivity by 1.45-fold
and 2.0-fold, respectively. Enantiopure (S)-styrene oxide was prepared with 99% ee enantiopurity and 46.0% yield (theoretical

yield=50%) from 20 mM racemic styrene oxide.
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o o]&3 &) 50%= AgtEvhe ©do] k. webA
olgigt AEn) T HPsE HAAMT HET FES =9k
sttt vAE AZE ASHE AMES A, Az ddEE
EH 84 %o] ZRZFoT 1 Axu] AXAHINE A
£Ao] Fol ¥ F&o] gon HEAE A dd AHEo
RuEJqeK9, 10). ¥HAl, Rhodotorula glutinis EHE L&A1
A3t Escherichia colis AAEFWE A3t M9 styrene
oxide 714S vt EIAZS W, wild type R glutinis THH]
3t (R)-styrene oxidedl] tigt JAHENH 7lEs|@Ae] =&
Az ASHE AEE F AATHID. £ =2dAe dAS
o] & 7t4is] &4do] 43 R glutinis frEe] EH F71A}
(RgEH)E pColdl ¥ pET-21b(+) &M E ol ANZ3AIZ] E. coli
£ AFsla, olE AEuZ A8l gAY styrene oxide
71473 E BSA (S)-styrene oxideS AZ3IITE R glutinis
EH §3AE AZFAZ E coli AZ0|9] EH EA4 vX+=
Hes JFs AR H, dAdYH R 84s
ZIFo g AZuEMe EAS vl - Pristgth A A
VRS v gl A9 vk J3 AEEAdA Hrt E
271718 T JEE Bt B (S)-styrene oxide A=

x3e AZsaaA S
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2hA12 styrene oxideo] WEF YA Z 7HEdafss 7H
R glutinis®] EHE pET-21b(+) WElel] A% XA pET-21b(+)
/RgEH ZE2}2=H|= DNAE Al&ttH12). pColdl ¥E]= Takara
(GE)ollA Fhdste] AMESIATE E. coli DHSa T (Invitrogen,
U3 ZEAn|E DNASY Z2ZS 98 ARR3SI9.0M, E coli
BL21 (DE3)d (Invitrogen, F]=hH< TdE 732 AME3sITh
A& i Xho 13 EcoR 12 New England BiolabA} (=)
oA, T4 DNA ligase= InvitrogenA} (V]=p)ollA] 43I
DNA polymerase TakaraAl (28)¢] LA Taq™-& AH&3}4ch
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PCR purification Kit, DNA miniprep Kit Z12]3 Qiaquick gel
extraction Kit + QiagenA} (Hilden, 5Y)olA 43I &
a9 PTG 1A AVIME B AEAL (8ol
FE - 39y, #d F=EZQ IPTG (Isopropyl-B-D-
galactoside)™= MerckAl (F]=)ellA] Y3193, FAAZ 21835
ampicillin® USBiologicalA} (Fl=pollA T3 e, Ym=A
AIFES BT BAE 55 olds ARSIt B3 wERks
9] 71421 pA9] styrene oxide} (R)-, (S)-styrene oxide= Aldrich
Chemical Co (7|51 Fh&FHoH, GC BHA] F2849
O 2 AR cyclohexane> JUNSEIA} (YE)ol|A] Y3t Th

pCold I HE{E R. glutinis EHS| &8 A|AR| 7=

pET-21b(+)/RgEH ZT}AU|E DNAS FHOZ 3o, PCR
WO E R gluinis EH F34E &3tk @& ¥EQ
pCold I WEol] Bt} A F2Yst7] Hete] AFEEF specific
primerS-S 5RgEHF (Xho 1) :5- GACCTCGAGATGGCGACA
CACACATTCGCTTC-3’¢} 3RgEHR (EcoR 1) : 5’- GAC GAA
TTCCTACTTCTCCCAGATGACGCC-3’0]3lth. PCR ZAL HA
2% 94T, annealing &% 60T, A 2% 12T, &
30 cycle2 33t Tth. A A3 PCR product$} pColdl HWEE
247} EcoR 13 Xho 102 Jl5Ralste] A719d%s b
RgEH band % pColdl ¥E]E agarose gelolX] DNAE FZ,
A2l T4 DNA ligaseS AF8-3led pColdl ¥ E]9} RgEHE
ligationdt ths F24d8& &SFAEQ DHSaol FAH3sI
ampicillin®] S+¥ LB 3Hdu) Aol A 16217 W3+ & colony
£ AdEih A9E colonyZHE ZT}Av]= DNAZ AA|
33l EcoR 13 Xho 1 E4E 7I5ES S & AV|FIF5o=
pCold/RgEH7} E0i7t FAASA S 213l o]FA &l
H ZAu| =52 Qiagen miniprep KitE ©]-83}¢] DNAE
AL, Q7G-S IRl AlAEF pCold-§- primer?]
5ColdF : 5°- CTGTAAAGCACGCCATATCGCCGAAAGG-3’
9} 3ColdR : 5’- CAAATGGCAGGGATCTTAGATTCTGTG-3’
< 0|83l DNA 97INES stk d7IMEo] gRi=
pCold/RgEH Z&}2~0|= DNAE @d#+<2 BL21 (DE3)°l
FAg A A

M= HiF=A

pColdl ¥ E|9} pET-21b(+) ®E ol 4UE R glutinis EH
ANZE FFEL 40% glycerol £H2 713 wjz|ol] HEF}]
70T deep freezerol] B3I TE A-28]%ke] 739, pColdl/RgEH
9} pET-21b(+)/RgEH AZF E. colid] ¥d AL 93}
ampicillin (50 pg/ml)°] #7}e 10 ml9] LBHIA]o| overnight
seed culture 3t 150 mle] MZE LB HjA|7} E9UE
500 ml AZEZet2=e 225 mlE FEsk] 37CoA N&
Hj ke mdde] FF57t ODgollA 04-0.59] ©]231&
o i 15C2 Wask] 3087t WA & F, wulde] Wy
& FE37] Hetd HEFEE7H 1 mMo| HEE IPTGE 7t
StaL 15ColA 24417 Xl 3FAth(13). pET-21b(+)/RgEH
ANZF TFE 37C v 2 28 A8S 9ste] ampicillin
(50 pg/mi)o] A7 10 ml9] LB #)Ao]| overnight seed culture
3lRom 150 mle) AES LB wiA7} E0)Us 500 ml 4H2
EekAo] 225 mlE FHEFSh 37CAHA X&' w3tk
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F3=7F ODenoll Al 0.4-0.57F & A A B gdo] HFF
7} 1 mMo] HEE IPTGE H7Fsta 37ColA 3A17F 30%
g g 4T

R. glutinis EH RMX} R=&t E. coli®| styrene oxideo]|
cist 7l=2dlls 4ot

WA HE] pColdl E pET-21b(+)%l R glutinis EHE A 233
5o JAANE 7R vhe-S skt wheol AR
7] AEF v 1 ml B 0.2 mg (dry cell weight, dew)
S AH8-819.2, 100 mM potassium phosphate buffer (pH 7.5)
o deAA WA HARIE | mE skaL 7[E2A 20 mM
A styrene oxideE H718IATE WHS-7]ZE screw-cap vial
S ARSI o™ 30°C, 230 rpme] FIRIETINA WS
FAtAE A AIREEet WA KRS wheds 5%
9] cyclohexane 0.2 FZ3} k. 338184 styrene oxide F 33}
<% (Enantiomeric excess, ee (%)=(S-R)/(S+R)x100) 4L
E2Zo]& AZ7] (FID, flame ionization detecter)”} &2 F o]
21+ gas-chromatography (GC, Shimaztu, ¥¥)E ARE-3}th
24 columno 2% (R)- (S)-styrene oxideoll thdt #2]59]
1= Supelco B-Dex 120 (0.25 mm ID, 30 m length, 25 pm
film thinckness) columne AFE3IT)E o|E7tA2s AAES
AHEE o, GC BAZRASZE split ratio= 1 : 20, flow
rate= 0.5 ml/min®Z 1 plo Al8E FY3e B39,
Z% (column), FYF (injector) E 7H=7] (detector)d] &=+
Z+7} 100, 220 % 220°C o] ATk

X2 ufst pET-21b(+)/RgEH *HM A} =& E. colig|
YstgY styrene oxide MAH TZo| =& S}

EH &4& 0|83 FEd v-e&Ee) Brxd vX|e
Wg-ewo] wE QS #A 3171918) pET-21b(+)RgEH 31}k
ANZ3 E coliZ 712} 1 miF 02 mg (dew)?] 100 mM potassium
phosphate buffer (pH 7.5)°1 #EAIZ] &, 20 mM<] ZHAH
styrene oxideZ €¢] 10, 20, 30, 40 = 50CoA HRSAIF|HA
styrene oxideol] th3t YA 7Rl ss Hrlskth

YA A FEET W& Ee} PFoewel tigk AHSAA
o] Hrle] w2 JgS B4 3793 Tween 20, Tween 80,
glycerol ¥ PEG 200 5] AWEAE s=EZ H7isla,
7142 20 mM9] M) styrene oxideE FY g TR, 30T
X wkgste] PANE R TRl sSs Brketsth

714 5o wWE A5 g4 HIlE B4 sh7191E) 20 mM,
50 mM, 80 mM, 100 mM ZHH1Y styrene oxideE T3 U
U325 30T oA ALFE styrene oxideol| thdh YA
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Styrene oxide®] F&Hel tigt &3|=r}t < 7 mMolEE A
of AME-3F styrene oxide?] FE=E 0.5~6 mM & ARE3ITh
kS-S 5 ml screw-cap vialoll 990 pl2] 100 mM potassium
phosphate buffer (pH 7.5)2 €3l 718 (R)-, (S)-styrene oxide
€ 9y FEZ FA T 9 Y9 X HF =}
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ml F 02 mg (dew)©] HEE AEE FY3}tod, 230 pme
7oA sl RS Frlstginh 10T B 30T ellA
3 T @2 7122 styrene oxided] YHE
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IRE 5] cyclohexane
%3} chiral column®] Z2E GCE EA31ch

g0 3 1
R. glutinis epoxide hydrolase RXAIQ| L& A|AE
T Y CHEE 9 SHEHTL
o] Aol 293 R glutinis epoxide hydrolase (RgEH)
o] A7IEE Farste] AZket primers 0183101 pET-21b(+)/RgEH
Zg2~u|= DNAS FY 22 PCRE 33l RgEH F3AE
ZZ3199th. WA PCR productE A7|95S 335k 1200 bp
A=l bandE S F AFEALR EcoR [ Xho [ 02
7hEEaiskel pColdl B el 4FUaHATE. pCold/RgEH E2t
2= DNA7} £07F DHSa 34 A ER HE Zehan|=
DNAZS AA3 th2, pColdl ¥Elo] RgEH7} &ulE Wakog
HYENES ERIEET. AlEA FEE AT Fekar =
pColdl/RgEH % pET-21b(+)/RgEH F-AAE WH&A)7]7] S5}
W73 E coli BL21 (DE3)ol & AINA A=xS E coli

o A~
s 4s 5 Itk

M 1 2 3 M 1 2 3

66 kDa —p — =
—
45kDa —p» e o
— —'
= — -' - -
_— S—:
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Figure 1. SDS-PAGE analysis of the recombinant E. coli containing
R glutinis epoxide hydrolase gene. (a) whole-cell extract, (b) supernatant
after sonication. The proteins of cell extracts were separated on 12%
gel. (a) and (b) lane 1: the recombinant E. coli containing pColdI/RgEH
with induction (culture temperature: 157C), (a) and (b) lane 2: the
recombinant E. coli containing pET-21b(+)/RgEH with induction
(culture temperature: 37°C), (a) and (b) lane 3: the recombinant E. coli
containing pET-21b(+)/RgEH with induction (culture temperature: 15C).
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R glutinis®] EH §3AZS A=Z3 S E colid] vjF2=9
2 EH @929 id A= Fig 19 2¢th A 2
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(15°C, 24217+ ¥leh e} pET-21b(+)/RgEH (15T, 24417+ vl
pET-21b(+)/RgEH (37T, 3AI17F 30% %) Z2}~F|= DNA
71 gFEel skl AdstAth Fig. 1 (@)olAleh 2ol
E Q%Y FFAM R glutinis EHE °F 45 kDa Z7|&
Y s 1% 4 AUTh pET-21b(+)/RgEH AZF w5
o] 7% 37TelA 3A1%F 30 HiYS o Rti(() lane 2),
15C A2 2447t v FetS of Tlde] wdo] Bes
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& F UATH(@) lane 3). T3 AL HjLE pCold I /RGEH T8 1EEIAE W v E 10T/ HAEA AS gsith
AzF d=olA 71 gol TAEIARE AEES 7A 484 )
A W8 TS BT A9 10), AL VIS pET216() B
RgEH Rt} wdoko] 5S4 4 AUATH(b) lane 137 3). s ° o 0
R. glutinis EH XX} M=3} E. colie| styrene oxideO] £, o 3
oist Z=Ealiere ot H 2 m— -
A2 H]%ksh pCold/RgEHS] - 30% wholl (R)-styrene oxide Lo “
7} 93] EENeH, 9% ee EE 7HX (S)-styrene oxideE T 0 2 o % %
O] 258 50%H] 260% FEE AE F ULk 37CoIA Time (min)
HJQFSt pET-21b(+)/RgEH= 1205 ol 214% &2 A& Wi, 10 (@ 100
A2 15CAA IPTGE E38ES 53 pET-21b(+)/RgEH= . ° " s
208 Yol 24.0% FEE 9S4 UAtHdata not shown). E © g
o] 292 Fg 2 u) oo wEke wEY F7 g’ ° © %
Worewe] wheh & Holg HolA wgtor), st B4 HE o B
ANE Be Aol2 Btk pColdl MEE cold shock T2 8, Tl 1, 3
9] promoter -1} (cspA)E 7HAL Yo AL H|dS F5 . ,
A hlAS 4284 e WHA7 e WEjo|, pET-21b(+) 0 s oot
WE)E Qubg o 37T o)A WA HElo]TK(13). pET-21b(+) T""e(l()')"'"’
wEe] A9 37T 15C EFoA Az wudo] wo 1 100
WA KFig. 1) lane 29} 3), HIFLEo] W 7} . i w &
Aol A Zfol7l b Ae vl By ey} dety) wjEo £ °
Ao, 9Y) SRS S79 OEel B B, AL £ " i
oM WEEEE Yo] WEA7]W inclusion body FAJo] a1 g © £
2Hl2 P2 Tdo] Z Yojupy] fio] =& A4S Bl A 8. o msol 20 g
o= FgEt ALoA FHAF ] 95 A3 pColdl 0 L,
W] A ole] W) Ao B4 ZollA BH B4< 9o ’ T e ”
Hgle dAto] B=5 o], pET-21b(+) WE | RgEHE AZ¢ ©
g B2 15N A wjIBIEA R glutinis EHE 87 b
Az E A= AME712 AR st g ° ° 0
X2 8t pET-21b(+)/RgEH FHA =B E. colig £, o .
0|25t LstelM styrene oxide2| AAH 5 2 1. %
PET21b(+)RgEH AZF 752 15ToIA wjokste] dui LU
QA HHEL = 30T oA 7R vS 33 A, HE i 5 M
T80 24.0%2H Ta B 232 Atk FEFES s Time (min)
pET-21b(+)/RgEH A3 AZmie] EH 444 wX= vh& 00— @ 100
L= Y2 BAE] 913le] 10-50T BIA 242 styrene e o 5 o 2
oxideol| th3t YANHA 7heis) vhs-S 33 HFig. 2). £ H
10T H-ge] A9 WA 60% who) 7)Aol Botewr) 5 °
9% TR, ol FHF EHEQA (S)-styrene oxide E 4 s 40 E
FEL 290%3F 20C WHE-2] 75 WAL 258 Wl 7)1 s, == TP
9] B8yt 99% 0 =2, (S)-styrene oxided] &S , ,
27.1% . 50T WhHg-o] A 258 o]F 48%°14 Y ol 0 o w0 ®
ek A gdnh AF5Ee Mg ew 10T .
29.0%2 7Y =R, WRSAIZES whg2 5 30Tl HIs) 3u) Figure 2. Effects of the reaction temperature on the enantioselective batch
=ojAt) webd ¥k 7) EHY YAXHZA 7l=Ea)ukg-o] kinetic resolution by the recombinant E. coli containing pET-21b(+)/RgEH.
= &= = o o = = The substrate concentration of racemic styrene oxide was 20 mM.
g‘i—?}ﬂ EL%:‘]%;}E?A:EE%T 7?\ F O?;ﬂ E]- %9_]1_:‘:1{7? jji}g Ei Recombinant E. coli was cultured at 15C for y24 hours. (a) 10C (b) 20C
0 ALE vYom o BT A RETTS (c) 30°C (d) 40T (e) 50°C.
E &S ¥ 23yt 2ad v duk14). Fig. 200149 2ol
PET-21b(+)/RgEH A =3 #F2] Y styrene oxideol w]3dk Membrane-associated® T A R glutinis] EH H A0
FHEH B3 koA vkeg e} v RS B U Thesit 3 sucrosemonolaurate 5] H]o] &4 detergentE %7}
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sle] A& B48 FYAZ Ay BaEih T3 RgEH
£ AEE ARE3t] B styrene oxideol] th YA EZ
7RSS0l A Tween 20 52 AAEAAAE H7kste] EH
A4S A Ao Bad vk Qlokis). ¥R E 10T
oA o] ZALo|= FlEE] HES- Al (S)-styrene oxided] &
IE DA, FIEE 9% ee TS D7) H3) LEE WS
AIZEE B2 T 30CHEY 38 dojAe ZFHE Btk o|&
FE317] 98] g3t ARSEAAE ARt AR S,
AR B 2 82 P74 S

WA Tween 208 #7Isle] 30ToA W&& 438 23,
0.5% (w/v) Tween 20 F7}3Pd, WAt 1089l 7)2e] s}
57 9% eedll =E3IAAL, oW (S)-styrene oxided] &S
402% 9t ol W% 30T ATRIRAES H1EHA|
AL o ZAlo|= RS Bl 99% ee S A7)
As) 2FEHE WA 122 EoH, £ o 174
<7k Aot} Tween 80 7} WHe-S 4383k A3 5% (wlv)
Tween 80 A7} A, HF-EEE 408090, 58L& 31.3%°]9
t}. GlycerolS H7Fsla WS 343 3¢, H7IskA]l k=

Yro W&t 03y =Eion, £ IURIA &
stATh PEG 2005 #7bste] 919 543 ez HEs
uR

A3}, 0.5% (w/v) Tween 20 J7} 3+ 759} Hlwsje] 33+
TE 9% =259S W] $go] dASA Pokthdata not
shown). ZA7A 02 15Tl w]Yst pET-21b(+)/RgEH A3
AEE AREE o FAtel= TheRankgollA T H s
ARSAAZ 0.5% (w/v) Tween 2002 A5k

=5 2HM9 styrene oxide2| HEE2E

IRtH o Z v E gt AEHS wk3olX 7|Fe F=r}
EolAH YAl AstE 4 itk 53] AFujr EX)
ste F8d A BeE AxY gL V1EE FleAG,
dFAtele 71He] EHEE FIHA717] At fU1EHE
AREEE Aol Aol AstEthe AFAREC] B
HArk1e). BAT 45 ASuE ARRske 799} Blast
whole-cell AZE AMgsle 4% 7IUEe FHL QS5
dgAelmz o5 WrEty] {3 FAHY styrene oxide 71&
AA7}Y 2$EE7E dofvke 1 E 7L S 20 mMollA] 100 mM
H9joll A pET-21b(+)RgEH X3 w55 o8¢ Frds
AAskATk 7149 F=7F 20 mMolA 100 mME ol
w2} FHEFWEAIZRS 2080014 8002 Z718lAIE 100 mM
M) 9% eedre] BIEEE DS & A ©]BFE 50% Y]
HETE&S 7 27.1%2 A9 UG5t thdata not shown).
Wild-type®] Rhodosporidium toruloidesE AH-&3t9 %7185
100 mM Y styrene oxideo] T3t kinetic resolution HH-3-
S FPF AAAAE 93%Y W &S AT,

=%t R. glutinis EH MZ01& 0|88t &5t&Y styrene
oxide MMS 2[5t HISZ=H A5}

ZAY) styrene oxideo] ©igH YA slEe] 4
=3} pET-21b(+) /RgEH ZT}~P|= DNAE 7[A|1
ANZY E colis AFWE o] &3t FE&AdelA B3k
7} EL (S)-styrene oxideE: F&ZoE e 95t
oy, WL E, AWMgAY "ot 2 27 71"

o

FoEL B

off

7H SR D QAR Bl
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of tigh JYAANH sl vkeS TS YAAE A

7t el 71d9] FeE=rt
9% eedll =25, oW WhE- RWAIEQ] (S)-styrene oxide2]
TEE ol8 F& 50%°] Wt 46.0%% ¢ =2 AAE
T AATHFig. 3). webA ¥HE2% 30TolA AHEAd
A7VeIA rd 719 w2 AT HlwEhH, 99% ee #k
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Figure 3. Enantioselective kinetic resolution of racemic styrene oxide by
the recombinant E. coli containing pET-21b(+)/RgEH in the presence
of 0.5% (w/v) Tween 20 at 10C (culture temperature: 157C).
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Figure 4. Hydrolysis of racemic styrene oxides by the recombinant
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Tween 20 at 10C (culture temperature: 157C).
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presence of 0.5% (w/v) Tween 20 at 10C (culture temperature: 157T).
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