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Aspergillus niger LK2] epoxide hydrolase (EH)E codon usageE I1#{$t Escherichia coli T4 LEEE WIT 4
DAL E. coliolA] 2 AFEE|R] ¢+ rare codon®ll TS tRNA 34 JRIT EAAUE plasmidE 73 E. coli 52
Rosetta (DE3)PLysSE &SFAIELE AMESIATE A niger EHE 2HAIZ] AZRF E colis AEE ARSI 24

styrene oxide S3ET WHSAIZE W, (R)-styrene oxideol] tht AA|A€Z] 7leEaj@do] SdES I 5 Ul
3 ZHAE ZFZ2RE AAFo T 15T 99% ee S ZEe FEHOZ =53 (S)-styrene oxideE S F IAUTh

The epoxide hydrolase (EH) of Aspergillus niger LK was expressed to high levels in Escherichia coli based on codon usage.
E. coli, Rosetta (DE3)PLysS, containing a large number of tRNAs for rare-codons was employed as a host strain. The
recombinant E. coli expressing A. niger EH showed an enhanced enantioselective hydrolysis activity toward racemic styrene

oxide. Enantiopure (S)-styrene oxide with a high enantiopurity of 99% ee was obtained from racemic substrates.
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Epoxide hydrolase (EH, EC 3.3.2.3)E olZAlo|= 714S diolE 7}
RSl AR el &Y, BR0, BF, A%, EfF
SolA thdsiAl LAEIL ITH1-3]. EHE 29 ol FAlo|= 7)1
ERH B)- T (5)-0132A 5 g /AR dAdEH g Tk
BaNA AAGeEN BEHOR w4d NS AR
JtH4]. FsteHAd o ZALo]| =(enantiopure epoxide)= EAFTZO U
= epoxide ring®] WHg/do] Pste] BEHA JokE, w4 Y V)T
A AF ] AR de] AREa Y5

DY S|EAJol= AZE AT R A2 ) o EAL
ol= 71&o gt A o] 43k Aspergillus niger EH7} 2
Be5l0] St BASTIIN BH P2 9 9hg wIZE o,
A. niger EHE= Asp (192), His (374)2} Asp (348) 5-¢] catalytic triadS
o]F A vl B98& TSI e AR vrelA Qlrhe-8]. E
&, 24 B EAERL Y= F 719 tyrosine (Tyr251, Tyr314)©]
FaAEs ¥

epoxide ring AEA 7)1 Ae S 297 29l 9]
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ZAZIHA 718 tg 8 YA TS HLATH9-13].

QA el do] 43t A niger EHE ©]&3F F81EA of|EAlo]=
Az71E el JoA, FZ wild-type2] ZH ¥ (whole-cell) AHAE
AZu| 2 ARSIAY, E4E B8t ARSAiSiTh HAE AEul e
75 AA A div] EH Zd o] w9 H o] ¥lZvl(specific activ-
ity) 84do] drh= A0l lon, a4= EEsted AMSe A5
22 - A NAM Y B &4, v F7F 5o EAR-C] Ik o
24 EH F34E 22493 § 1382 HAAZ A3 ASE
shd B3 o ZAl|E Al FA9] AAIAES A S Tk

ol ehild ANz WS 72 9] AR E Escherichia coli
£ o] 83} A niger EH FAAE @& 749, EH @2 s g
o] vl¢ Sti14]. 2 olf=2 1HE F A= Aol 4 m'gerg]r E.
coli®] codon usagedl|Ae] AEx 2}o]E & = Ut} E. colidX FE
AR A &= codonS AR, CGG (Arg) 0.3%, CGA (Arg) 0.5%,
GGA (Gly) 0.8%, CCC (Pro) 0.5%, CCT (Pro) 0.7% 5°] UTH15].
TkeF 4. niger EH2] codon usage”} 910l AAI=o] A= E. coli rare
codon®] AFE-RIE7} =THH, codon usage x}o]ol w2l o] A2
O|FAA] ol W F&o] AMskE 4 Urh
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Table 1. A List of Rare Codons Used in A. niger EH Gene

Fraction in 4. niger Fraction in each

Amino acid Rare codon EH gene (%) amino acid (%)
Arg AGA 5.6 0.3
AGG 11.1 0.5
CGA 27.8 1.3
CGG 333 1.5
Gly GGA 26.9 1.8
Leu CUA 14.6 1.5
Pro ccc 48.4 3.8
CCU 22.7 2.3

FHo] B AFFL ponitro styrene oxide, styrene oxide, 4-chlor-
ostyrene oxide 5 AAFOZ F-83 W= o FAfo|= A|Fo| T
3 g e 1EE AR AZT AFE ANLEH7] f18kA, 4. niger
LKe] EH #3445 298t SA5FA 1 548 4si9e
v, EH 3845 1882 498 FE glithle]l. # dAolAMe
codon usageEs LT3t TheFet WAk o ZAlo|= 7] -l tigh SJA]
ey 7lRe)5o] 53 A niger EHE 1882 Wdslax} b
ek =3 FAA; A3 EHY] FviE 5498 418}l enantiopure
styrene oxide A28 AZw2A e 7FedS Bkl BT

2. K2 L Al

=8

2.1. E. coliE 0|28 MZTE EHO| UH XU BAM

E. colidl A. niger®] BEH F3AE WdA7]17] $18k] pET21b(+)/
AnEH plasmid DNAE A3} tH17]. Rosetta competent cell 50 pL
o] 0.1~0.5 pg recombinant DNAE 42 ths 1714 S4& 715t &
1 mLo| LB ®lAE F7Iste] 1 h B3 37 T gF2FFzoA whe-&
B3l FAASTAE AUh AZF Rosetta FAHZAE ampicillin
(50 pg/mL)¥} chloramphenicol (34 pg/mL)©] 7] $h+2 LB plateol] A
16 h &<t 37 CollA vis}te] positive colonyS AJT Aeld 2=
3 FHAHFAE 50 pg/mL ampicillin®} 34 pg/mL chloramphenicol ©]
2 LBHiAI Ol ODew#to] 0.57F 2 wi7kA] #j ek 5 IPTGE AT
FE 1 mMo| HE2 718 ¥ 3 h 30 min © ¥lUSEIGT) tiETe
2E IPTGE A7 3 mijFeh &5 ARSSFAT gl s 94l
E2)5te] AL cell pelletS EATAT 71952 A& ARSI
o} Y A ZHE A Laemmli bufferS 718 3 HAAA 12% gel
’Joll4] SDS-PAGEE 3J3}3L immunoblotting analysis % Coomassie
BlueZ fA5le] HAHEE HWalgor GCE B3l YIHEE &

X3,

22, UHMERR TSl WIS 2 JASE0IE DlElGO) B4

FAAANZE E. coli BZTE 100 mg (dry cell weight)S 10 mL2]
100 mM {12+F=ol(pH 8.0)0] FEAZ] 3 0.5~20 mM FE2 ThoF
3 g o FAtel= 7)12S F3IATh W2 screw-cap ZE}
227 EE jacketed glass EA2WHE71E ARE3ISIOH, 30 C, 250 rpm
oA WRIAIZ|HEA ¥Hg-S HPAI ATt ¥H-E-HS cyclohexane S
2 FE3 3, 57181 52 GCE £4J3}] enantiomeric excess (ee

(S8 o)) @ 2 BH 392 BARED 7149 A

(S+R)
styrene oxide X F8H2 0 2 =43 styrene oxide HFEFS Al 5F

25k M17 3 X 5=, 2006

o153 - 3

3]

& -0l
& A3t ARSI F8HEA] styrene oxided] eedk H &S Al

Aek7] fsted (R)-o1d2At (8)-01/ 32 A A gt Eelso] U=
SupelcoAF2] B-Dex 120 (0.25 mm ID, 30 m length, 25 um film thick-
ness) ZHS ARESIATE GC BAZ7-S split ratio= 1:100, flow rate
= 0.5 m/minSZ 1 pLeo] AEE FY3I B39, column, in-

jector, detector®] 2%+ 712} 100, 220, 220 Col$tH18].

3. 2nt H aE
3.1. A. niger EH RHX} 54 2AM

Arand & A niger2%¥ EH F3AS 224380 2 EXNS B
I3FAT E. colidl A EH F3ARE 2dAIZ]
2] ZaA A E. coli®] JANHH 715 =y
o9l £ ATRE WS dlFAbe|= 7)ol gk A9 H T
50| 53 4. niger LKE X833l EH -34S E24J3%} E
colis SFAER AMESIY A& {34 AZF E. coli BAM=
g% 9 I EH E40] wll$- Wsitle]. Yutdoez v g

B FHA A A=Y A9, wild-type TR Ff

| 9531, E4Te 28] - GAlste] ARSSHA] golx AFu=
Aol 7hsAdol =71 wiiel 44F 7HA7 Wi Hok wEkA] 1aE
FRAF AZF E. coli AEFNE /N317] 2151 codon usageE 317
3l A niger EH fAAE 2 E&2 BN 7= A 494 Sd
A T8 dolth

E. colidlX F2 AE-EHXA] &= codonS AHHH, FZ arginine,
glycine, leucine SollA FZ rare codonE°] EAgo] L&A At
[19]. ArginineS codingstil = AR 719 codon FlA AGG
(2.2%), AGA (3.9%), CGG (9.8), CGA (6.5%)7} rare codon©.2 <+
2] JT} Glycine> GGA (10.9%), isoleucine> AUA (7.3%), leucine
2 CUA (3.7%), proline= CCC (12.4%) 5-°] rare codon®.Z ¢eJ*]
St} A. niger EHE] codon usage”} 9ol AAIEo] U= E. coli rare
codon?] AFEHIT=7} =THA, codon usage 2}olol] whel Wjo] A=
o] FHAA| gFotr WA Fgo| At  USEE 4 niger EH 14
Z}oll that codons FAFSH H.SFTHTable 1). Arginine®] 73 E. coliol
A rare codon®] AGA, AGG, CGA, CGG7} =& HIE&E AFE-Ha )
<< ¢ 4 ATk EH geneoll J= Z 18709] arginine < rare codon
o] 14707} &3k o] 77.8%2] =& H]E-E rare codon®] AME-F
I s & F AUJT Proline?] B-F-ME F 3170 FollA 24712
rare codon®] o] 77.4%2] F& WIS E EA 3t AJTE wEbA 4.
niger EH genedl= E. coli®] rare codon =4 #]-&o] w-$- o} 1 &
£2 Il oHES ¢ F AUTH

A. niger EH gene AAE E. coli AT 57} =2 codon® 2 HAHA|
71 A& A7 Hlgo] go] == BlaEgAQl Witk 57 codon
9] usage”} S ©]f= I codon®ll 3= tRNAS] o] FE3l=
2, o]Z3 574 tRNAE coding3lal 1= plasmidE hostol] HolF+=
73 rare codon usage wAIE MNAE 4 Atk wWelA A niger EH
geneS E&F O F WHs}7] 915k Arg, Ile, Gly, Leu & Pro2] rare
codon ¥# tRNAE EZ3} E. coli Rosetta (DE3)pLysS #5 &
2 AR 2 sk
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Figure 1. Construction scheme for pET-21b(+)/AnEH plasmid
containing 4. niger EH.
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Figure 2. SDS-PAGE and immunoblotting analysis of recombinant
A. niger EH in E. coli Rosetta. EH protein was expressed as the
cells were induced with 1 mM IPTG for 3.5 h. (a) Proteins were
separated on 12% SDS-polyacrylamide gel and stained with
Coomassie Brilliant Blue R-250. (b) Proteins on 12% SDS-PAGE
gel were transferred electrically to nitrocellulose membrane and
immunoblotted with polyclonal hexahistidine antibody (Lane 1, 2:
Rosetta cell with vector only without induction or with induction,
lane 3, 4: recombinant Rosetta without induction or with induction,
M : standard protein marker. Arrow indicates 4. niger EH fused
with hexahistidine.

PET-21b(+) vector®ll subcloningdl= #4- Figure 13 2t} A. niger
EH 327} £013)+& plasmid DNAE- Rosetta competent cellol] 32
AZAA FIAHEE F2l3}7] 215te] SDS-PAGES} immunoblotting
BAL 8519k 12% SDS-PAGE 2 immunoblotting 4] A3} E.
coli BL21& <32 AMESH -9-9= 9] Rosetta FAHSAES
IPTGE F%3HA] 92 o7 FAPEE vastdS w SDS-PAGE
e 2ol2 g 4 o} immunoblotting FAle A =
IPTGE =3 7904 45 kDa T4l A|Z% EH gene©] L=
5 ER1F F ASAHFigure 2).

AN Z3 E. coli Rosetta’} QA Z 71=E3s)] EAlo] A=A= &
olsl7] $ste] AZF Rosetta AIXE ASu| 2 ARE-3le] 2HAlY
styrene oxide 7)Ao gk PASod 7] v--S AAEATH
AN Z3} Rosetta 7] 10 mg/mL (dry cell weight)= 100 mM phosphate
buffer (pH 8.0) &-of] ¥ 20 mM racemic styrene oxideE T3+
30 C, 250 rpmellA W3S APtk vhSIY T IAHFS HE
3} cyclohexane 22 FZ3}3L chiral GC 42 F3l JAISo)A
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Figure 3. Chiral GC analysis of racemic styrene oxide after the
enantioselective hydrolysis using recombinant Rosetta with
PET-21b(+)/AnEH. (R)-enantiomer peak of B, C is disappeared due
to the enantioselective hydrolysis by recombinant EH. A: Rosetta
with pET-21b(+) vector only, B: recombinant Rosetta with pET-
21b(+)/AnEH (10 min reaction), C: recombinant Rosetta with pET-
21b(+)/AnEH (20 min reaction).
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Figure 4. Kinetic resolution of 20 mM racemic styrene oxide by
recombinant 4. niger EH in Rosetta.

7 S BUEY Stk &4 ¥RS7)04 10 min B 20
min ¥+ 3 Hk8-91-S chiral GCE £42 3t A3}, A% Rosettate=

styrene oxide®ll ™ate] YA S]] JEHEAAE HAFAT
(Figure 3). A. niger EH gene2 E. coli BL219] 233+ 4 $o| = 2+
2 &) MEE ARESEe] 3 h o] WOl XX (R)-styrene oxideE
3] BEAIFA] F3F HhH(data not shown, 16), A|ZE Rosetta 2]
749 10 min ©JWel| (R)-styrene oxideE $3] E3|A1A Fulj&Ado]

2 s ¢ T it

-

3.3. F=E! Rosetta MEN| SHEM 3 Z[EA (S)-styrene Oxide
HZ=

A 23 Rosettad] ZFvlj2] 598 dolr 7| 3t FHEH Hul5
B39tk (R)-, (S)-styrene oxide ZHzoll tiske] 0.5~6 mM 2]
oAlA 27] &3l Hx& 33k (S)-, (R)-styrene oxide T+ 7
FEL S die BeEEUE A¥F R FNslAL =5

#Aaste FRHo g HURo =gl A 2Rtk F
NE (Vo) ZPF(K) = HHEE (V)9 styrene oxide &
2 (5)9] dE FH3}o(Lineweaver-Burke plot) €2 7]&7]
oZRE z4zt LA, (R)-styrene oxidedl] et V'

288.2 umol/mg - min, 9.4 mMZ AAZ A} (S)-styrene
oxide®] 7% Vo' 9 K,>-& 242} 45.6 pmol/mg - min, 4.9 mME 24
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Figure 4= AZ% RosettaE ©]-8-3F racemic styrene oxide®] YA
A 8 7 B3 vkg-S B £k %7] styrene oxide FE== 20
mM, AEES 10 mg dew/mLE ARS8, pHeF =+ 27}
8, 30 Collx] 4] FLH-S AT Figure 40014 & & U=
o] A} AZF Rosettas BFNZ ARES 749 <F 14 min =9
S 53 30% AE(CIEFE = 50%)9 =& FEE FHgrs
99% ©]7d2l (S)-styrene oxide2 L& 4= AUATE BL212] H--ollA=
5 h o]e] Whgol® 90% o] B3 £EE ¥E F ArHdata
not shown). ™2}A] codon usageS 1#3} A. niger EH -34S E.
colidlX] 1EEZ DAS & F YoM, o]dd 18 & A4 A=
T AFUE o]-83t] 99% o] FIEEE 7HA]= (S)-styrene ox-
ideE 3JEAOT AxT F UATH
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