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Microbial styrene monooxygenase-catalyzed
asymmetric synthesis of enantiopure
styrene oxide derivatives
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1Department of Chemical and Biochemical Engineering, Pusan National University, Busan 609-735, Korea.

Abstract Enantiopure styrene oxide derivatives are versatile building blocks for the synthesis of enantiopure pharmaceuticals.
Styrene monooxygenase (SMO) catalyzes an asymmetric addition of an oxygen atom into a double bond of
vinylaromatic compounds. SMO is a commercially potential biocatalyst to synthesize a variety of enantiopure
epoxides with high enantiopurity and recovery yield. In this paper, deveiopment of SMO biocatalyst and commercial
feasibility of SMO-catalyzed asymmetric synthesis of enantiopure styrene oxide derivatives are reviewed.
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U= FDA 714 Jsha 2 EFE Hejo] Aok
ol dEA Ztztel izl A YAFE 2 FElT
o], AFFAEL AF A 271GARE &3 33}
ol HAZ sl QUrk1). Wb B o okE 3
of Bast FsreA 3IE 2 F7HA| (chiral chemicals
and intermediates)®] F8/J0] FAlo] B2 Qltk?2, 3).
IR S 2 A B AANNY TS A
X9, vl5 Drug & Market Development PublicationsA}<]
20033 49 57§ Agel| oJahd, wE AL AW 10.8%
9] F& AFER 2007301 2798 FEE FAT Ao
2 A3t vh4). B Frost & SullivanA} AAgel] 213}
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9, B8 3E 2 A T AAAAEL 20003
66.39ENA 13.2%9] IBT AFEZ 2007d)E 1609
EZ 3 Ao 48k Utk5). vl= FreedoniaAt
AAg50) 2J3PH, contract manufacturing-& ¥3H3F FetehA]
SRR vE A AT 9.4%2 A3 glof 2005
ge 15198 7E7F & Aed FHII UTK6).
B styrene oxide® X3S ol FAR|E FHA=
HhgAdo] Sstar, XAAMIERS, Feguts, 2k r1uks,
kst 2lRkg F Tl vh-S R 4 Qlo] FsiEA
oJokF A8 FUAE gl A ¢ UTKT). BEEA
styrene oxide 5¢] o]ZAlol=x TR B4A|, HIRXE
Al, N-methyl-D-aspartate -8 Z&A|, AXZA), A
T U B8 ooRE el AME 2 & UTK®).
AZu) 5 o] &3l B3R A FAlo|=E A=
WS ZA 7 7RIE U 5 ok A R PHE 2
g o EAfole 7] BA o] dAA uig YA
7Frasllgde] 9J= epoxide hydrolase (EH)E ©]-&-3F
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AN H FELS T3 FEFFA dAFApol=E Az
7 ATHY, 10). G HO 2= monooxygenase (MO)E
ol-g3le] ¢l 71de] o)F Aol A Z O E o ZAlol=
P& ENA AxT & ATkl 12). EHE o8¢k 33}
UL O|& 80 50%= ARHETE To] Q= b,
MOE °83t WYY olEHOZ 100%9] F&2
B dFAto|=E AT F Jitke FA o] 3tk
£ =FollAe vAE MO A8 styrene monooxygenase
(SMO)E AFu= o]g3le] oJokF M FUAZ A&
& B3 styrene oxide FEAE A3 7)1e)E
TS Bt sHTh g thdst FEEA o AL
o|E Az &&T & v AP AFEH e SMO2
7Fs/3S HrystTh

= B
o|dEe| styrene 3l CHAlzlA

Y| AE-9] styrene TIAEE2] A TDAoA SMO®) s
styrene side-chain®] ©|5Z2go] 2FSIEHA] styrene oxide
2 H¥E F, styrene oxide isomerase (SOI)o] £J3]
phenylactealdehyde 2 Z$H F ESETH13). ulbA
SMO® &J&t styrene AMERE 7HA|= HIBEE-L styrene
#3]] 2HE<] phenylacetaldehydel} phenylacetic acid (PAA)
£ B R o]§ate] AT 4 k. AlEulellA AAgE
styrene oxidew ©]A338}a4 (SOD| 23] A aldehyde
FEHE HBEHTL o] ¥R £ YH¥oE SMO WS-
EE R} uf9- WE Holtt,

Hartman 52 F3%E 53l styrene £3) &40] 3l
= 14%9] g} (S1~S14)E E3IN3L, AE 325
X SMO g =A3ITH14). Cox & TR &
AYer Z33o|Q) Exophiala jeanselmeiZHE] SMO 4%
SAIATH1S). HAES 23t styreneEd= FE SMO
Aol o5k 73971 tiFEe] ™, styrene dioxygenase
(SDO) &J3l E3l=l= A== Rhodococcus rhodochrous
NCIMB 13259914 RS} Pseudomonas fluorescens
ST®| 7% styrene -3 A FHAEL F 7j9) Q¥ E
o= FAE vk 7B E (upper pathway)de] -3
A=-L- styreneS phenylacetic acid® 2F3IA17]E thAe}
THE FRAECY, 319174 R (lower pathway)’de] -4
AF=-2 phenylacetic acidS THAFAA Krebs cycleZ R
< A #Aoske fAEet16, 17).

B E AlE QEOE styrene©] F5EE HFA T8
g 98-S Fste 9NAE BAGAY P. putida
CA-39] styABCD operon®] 1.5-kb 3H5- ol A styrene
3 BEH 45.9-kDa =7)9] StyE Tl zo] ¥ Q)
TH(18). BLAST 4] Ay}, WaEelslra 243 ddg
membrane-associated ATPase-dependent kinase2} 33 |4

98% 459 Mg FAME BT snE FARE AAAZ
P. putida CA-3 AEE styreneo|A] 3R] o},
styE FFARE EA ARF 759 ¢ styA mRNA
Aol oF gull Z7F HIOH SMO 842 48 o)
571 AFAE BojFo] styrene FEENEL] TS
1 4 USlTh

SMO 28 {3x 224

SMO® 28t styrene®] 2SR 714, 4H4, $hd4
o] FAlel BAlSkE ES Astshikg-olnh. SMO ¥Hg
£ NADPH %+ NADHS$} flavin adenine dinucleotide
(FAD)$} 28 cofactor’} B8 oz o FHT whahA
SMO$} 28 A3l aAhs HEAQ WhilA (redox partner)
I AFAZ EAske AUt Bk ol dHAL HA
BEFS NADPHERE gisd dLsise 92
3t} webd ABlaA= FADS NADPH E+ NADH
9)&A reductase2} MO, F 7FA T+4A19] AHAZ U=
7357t theltk(19).

Panke $& Pseudomonas sp. VLBI20L.ZFE SMO
T FARES F298t @7IME% 54e B4s
thH20-23). Styd AR} oxygenase S ZF3IAL styB 4
A7} reductaseS 3L 2™, styrene oxide isomerase
(SOD)®} phenylacetaldehyde dehydrogenase= 22} styC
9 styD 3R o3 P =] FH2HE TS
Rustdty. & Pseudomonas 5%\ P. fluorescensS} P.
putida ZHE SMO #Hd FAASo] F2Y9 HIA=H,
BE FARE 25 7T 0] B RTH24-27). Sy4
& PobA, NahG, MhpA 5 flavin-type aromatic hydroxylase
o} ME FAMIS B3l StyBE SnaC, ActRV, NtaB, NmoB
9} 28 flavin mononucleotide (FMN) oxidoreductase S} A}
3L HYU)(28-30). StyBE two-component monooxygenase
] coupling protein¥= ¥ FAMIS YeEhiSIET,
coupling-proteine &4 842 gl 714 FAHIE F
Bale a3k A8 Fdth31). Panke 5 AFAT
w2d siydTh LESE SMO B AT, sy} I
HEAZ] AR "R e 2448 Bk ¥hH siyBYE
FEAZ A SMO B0l SAHA FIH2). SyCot
Aol e faAE ofd gEAA asket, ole
StyC7F =54 EAlshke 718 tis) 43 7171 7]
o) StyDE 93 2 WAL aldehyde dehydrogenase
o & TAMES UERIIEL

Multiple sequence alignment& 0|28t OJJg SMO
THZ FAK 2o

Park 52 A= &8t P. putida SN-1 39| StyAB
oE A ge tiste sl gAgg e #osie
hydroxylase & oxidoreductase THH& XM EBEFH2] FAM
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< H7VSITh(32). P. putida SN1 29 StyA THiAe
P. flourescens®| p-hydroxybenzoate hydroxylase (PobA)
5= X3¢ flavin-containing aromatic hydroxylase$} Bl
A £ AMIE B P oputida SNI 819 StyAB
Sl Mo JubA O F hydroxylaseSHs HA] whailz
ML= He FAMES BHoY, B4 2o
2 MY ABEE BRI gFE 2] monooxygenase S}
hydroxylase @& M oA EAAQ glycine 7]
(GXGXGX)7} op|l=ddo) B-a-B unitoll 2 BEHo]
o, o] A¥-2 flavin adenine dinucleotide (FAD)S]
ADP H-97} Zgtsle 99202 484 Utk3).

P. putida SN19] StyB ©d NE-& T Pseudomonas
TS StyB = StdB U AET E& AL B
QAT Agrobacterium tumefaciens®) nitrilotriacetate ©]8}
gl A 2-8-8= NADH:FMN oxidoreductase T2
Hx ¥ FAMES BEA9Tt B8 Kiebsiella oxytoca2)
two-component  4-hydroxyphenylacetate-3-monooxygenase
A flavin:NADH reductase <2 1= coupling protein
(HpaC)oll BEHE opn|:=at EHE fAMIS 7HR)aL ¢
Ack webA StyB TS o ZA] AlsjukSola] Zujgt
4S5 A JepA= A9 9593 monooxygenase B4
< F7] HiMe el Eed A YS & 5= k2.

Styrene CtHAL FHXF FAL =H AlAH)|

Styrene thAlell #ddhe FHAIE] HAR= siyS9} soyR
9] positive regulation®ll 28] ZAHTh SpSE styrene©]
EAE W Q43LE = sensor kinaseE IWE, 2% 2
7} (response regulator)$] StyR-S FAF}A7ITE StyR-&
styA®] promotorZ25E] -41 $1X]2] DNA-binding site]]
£°] RNA polymerase”} -10 9JX|ol] 24 2L 2= 9x=
FE=RITH19). ©]213F styrene THA} F-ARlo] oigk FA}
ZA 7122 toluene AT} BAH tod operond] S %
AR A4S $Ysh= TodToll 23+ 7% frabslc

O'Leary 5 P. putida CA-391 2|3} styrene -3}l 4
2wl A]el] styrene, PAA, glucose B+ citrate S H7181
N AES wjdst H 2Ad BT fARe A AR
S35 TH26). HAM A styrenes Flete] wjust
7doll= SMO9} PACoA ligase &4Jo] BF YERET,
RT-PCRE #13F A5} stySR, styd, paakKS] mRNA7}
B FAAFEATE PAACIA 9 A9 SMO 240] ¢/l
A3, paaKE A3 stySR, styA2] mRNA7} THE0]R]#]
&k} Glucose H= citrateS H7)38F 7-9-9= SMO &
AL UeRNA] gskor #E mRNAVF A3 SHEz] o
Stk Citrate2} styrene?] Al EAIE vl SMO 42
HE A oletE FARIHJATE paak, syS, styR, styA 2
mRNA®] ZAl= ¢hd] #af|w)A] gieh SHH, styrene
< VKA wieketd & i3] S PAAS 37t
SHH A9 HE9] key enzymeE©| A& WA ekgi)
I3} stySRS] mRNATE RT-PCRE #HZEo] 7} &
=2 ol AR, 2 FEE styreneT IS )
R} FR ottt} wlg}A PAAE styrene F-3l A F=E
9] negative regulator2A] 2Hg-30}a B 4= gty 2euk
8l tiAF AR 2Ee ddl] wEka B Zpolz) Stk
Xanthobacter 124XE PAAZ} SIS 4 HZ9 key
enzyme S HHT 5= UYL, P. fluorescens ST B4
o]l BAR] stySRSY mRNA7} A 2Ty ¢
A ATH33).

0)-

SMO SEx} wal  gatg
9ist RExIHzE M) 7

1 styrene oxide HI=E

[

Styrene2 7|2 & A F3h= 7% styrene H3l A5
ofsf) 7k thatele] IR, SMO AR styrene
o] gle sFdA FEAIIAE A7F] styrene o2
FH a7te] B8 styrene oxideE AXE 4= Sl
B8t styrene oxideE AZF3] 3 F-AAF A=3F
AZo)E Aaelr] A1, Pseudomonads O 258 &

Table 1. Development of various recombinant whole-cell SMO biocatalysts and their catalytic activities(20, 23, 26)

Max. styrene oxide

Host strain Regula-tion Plasmid Target protein specific formation rate Host strain
Recombinant a XMO 91U/g cell .
E. coli AlkS and alkBp Low copy No. from P, putida mt-2 (e > 95%) Good regulation
Recombinant . SMO 140U/g cell .
E coli T7 promoter High copy No. from P. putida SN-1 (e > 99%) Good regulation
Recombinant SMO 70U/g cell - Good regulation
E. coli AlkS and alkBp Low capy No. from P. sp. VLB120 (ee > 99%) - Maintain over 6h
Recombinant p Low copv No SMO 70U/g cell
E. coli tac Py 0. from P. sp. VLB120 (ee > 99%)
Recombinant Chromosomal XMO
E. coli AlkS and alkBp insertion from P. putida mt-2 0U/g cell Low gene dosage
. Chromosomal SMO 86U/g cell .
. . . I
P. Putida KT2440 AlkS and alkBp insertion from P. sp. VLB120 (ee > 99%) Good regulation

®Alk system (from Pseudomonas oleovorans GPo1).
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293 SMO FRAAE Escherichia colio)x] EL£2H0 5
A 7= 83| Ay JTh Pseudomonas sp.
VLB1209] SMO 3RZ: P. oleovorans ZHE] B2t alk
LHTH A|2HS o] 83le] g8407 wadt d Ay
7} 22 BT Table 1)(20, 26). AKS 437} 2
QU ¥E 2 9iEL olkBp Z2FE ] 3l positive
regulation &35 Hol=d], o|2{3t BAL 7} alkS-alkBp
FHAE stydB 134 gl AZAIA SMOE LAAZT
(22). E. coli IM101S &A| X5 0|83} dicyclopropylketone
(DCPK) 2 o83t fr= WAAIZl A, 70 Ulg dew 55
9 ¥2 SMO 4% €< & ATk B ddd sac
ZZTHE AMEE B$ IPTGE FES 311 & A
M= SMO7} LEEE §H, alkBp A|2¥L ARS3E
735 DCPKE f% H&stA] ¢foH SMO7t A3 23
52 got ¢y 2-o] g0l A= v} T, tac
Z2WE A2EXE AZAAT ZA7M FA3 SMO
g4 Ast dido] dojt whd, alk 2HZA A)2H"E A}
B3 A AEF AA7NE $=8 SMO E4o]
FA = SR F YL FIAND 5 AT

Panke 52 Tn5E ©|&3td alk LEZE A2H3
SMO #HAE E. coli IM1013} P. putida KT24402]
chromosome®l] A7 A=F FFE 7Lt Table 1)
(23). E. colid] SMO F3AE 712 Tn5E AMIAIZ) A%
o= SMO #A4o] w9 Wk=d], o= W gene dosage
B9 oz g 4 Qlok whde P putidad 4+
A L 49 86 Ulg dew 559 &2 SMO 84¢
AR=H, E. colidl multi copy number?] Eet2n=
€ o] &3l TET SMOY] 421 70 Ulg dew HUE &
< 84S BAFE Folt), ol alk LHEHA|AH o]
Pseudomonas M ZA @A) 29, =F71A] d&HA|
24 F e A A="o)r] Wioltt X F BF$
E5A wild type 759 SMO ARt} e Az
SMO #4<& dith

(T xm

styA
Chromosome of P. putida SN-1

Integration and loss of plasmid by
double crossover recombination

{em <k e siyA

Fig. 1. Schematic drawing of pLSM1 for disruption of styC in
P. putida SN-1. The homologous regions in the circular
DNAs and chromosome of P. putida are shaded(34).

2l Han 52 styrene oxideE benzaldehydeZ H$
A7)= styC gene2 Pseudomonas chromosomeol|A] A€}
Aoz AAFoZA FEZA styrene oxideE A
A S NdstTHFig. 1)(34). EAHO] FF9]
SMO #4& 160 nmol/min/mg dew FEZE, wild-type
P. putida SN-12] Hd] SMO 84& 48 & Ut °f
ARE= Pseudomonas SMO FAAE L3 A=
E. coli® Aol 15 28] o] =& Frolth E4awo)
TFE WS 2 ARE-3le FEEE 98%ee (enantiomeric
excess) °139] B2 FFErEE 71 (S)-styrene oxideE
150 mM FFo2 AXT 5= U3dch

ZhEHE styrene oxide A= 2™ g

Az SMOE AZ| 2 o83 BHBA] styrene oxide
ANzFAR el Qo] 843 F71E8HE T/3E oA
(aqueous/organic two liquid-phase system) Whg-A]2El-E
AR o] frEleith ANHOZ B oEAjo]=
= 727t B 8l Ad BefiEe 54
o] 371 W& f7187 AHge] a7 W B
AEmjgo] F718st HE A BRAsEE A¥] 3l
7] g 784S AMShe Aol FrYstaE, FEA/F
718w o)A whEA|ERlo] o) dAHoltt. HF, oA
A F71890 = styrene®] 89P0 2 G FEZ
A&H o7 A=, WA styrene oxide= f7]-8v]=2
srHuez Z1ds YFE A% AZ0 A Ay
< A = U

Table 2. Comparison of biocatalysts to chemocatalysts in

catalytic efficiency for the synthesis of enantiopure
styrene oxide(12, 27)

Catalyst E. coli JM101 (pSPZ10) Ru-brucin  Mn-salen
Yield (%) 76.3 64 86
ee® (%) 99.5 (S) 43 (8) n d?
Catalyst activity® (U/g) 14.5 180 91
Product ratio® (g/g) 1.8 313 33
Productivity® (g/g-h) 0.10 1.30 0.66

%ee = |(S - R)|/(S + R)

Pn.d. = not determined

°Catalyst activity = total product x catalyst amount™ x time™
[umol/g - min]

Product ratio = Total product x catalyst amount”
®Productivity = Product ratio x time”

Schmid 52 SMO F3AE ANEAT E. coliE ©1-83}
o] styrene O ZHE (S)-styrene oxideES AFAS = AE
TS NL3IATH12). AEME AREEE E. coli IM101
(pSPZ10)2 SMOE IH3Sh= stydB F2AAS} alk Z4A
2ES TS alkSS} alkBp TEREE Xdsln ok
H|ZA) 891 bis(2-ethylhexyl)phthalate (BEHP)Z 7]
B2 AR o)Al Al&ENIA 17417 B]F 126 g9
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(S)-styrene oxideE A3} E AAH (S)-styrene oxide 2
et 9% oldow, B3t Hulg A3 A9-2] 45%0]
HI3] 33} Ego] YT < A0E Vet Table 2).
T HEAES 38t Fele] G4 (180 Ulg)ol &)
(14.5 Ulg)®] B4HT} 108 A= o] %A vebsinh27).

Panke 5-& SMO fAAS AZHE E. colis AZn)
2 MR8t A styrene oxideE AZdH= wpolR
TR AL 3RS ANEEIATi(11). 30 BB FEA/57)
S o]’37A fed-batch ¥H&-71o1A 16A12F F<¢ HH-&
T3 5te] 388 g9 (S)-styrene oxideZ AAVa+Iar, B8t
TET 99%ee oPFoIATh HEFAEe ZYAHAZ s
fractional distillation 3-d%= ¥3}HH 0] HE 97% eed] &%
Z (8)-styrene oxideE B4HE 4 QSirh. A 7|7 Bk
B SMO 2742 140 U/l, 27] 10A12 B2k 170 UNE
FAEAT. o] FA] Wik g B A" 2
AL 7142 styrened] EAAG A o] Yt Aok
BE, E. coli7} 7180l tigk WjAdo] oFslug AjZu)
24 A3 55 53] A8k {180 WA faAE
A LHAE ot Yok AZF E. coli A §7]
Brflol] 735t U4d& Bl Pseudomonas (SOI-negative)S
AZu) 2 AMEE = 18 Aolth23). Pseudomonass §-7)
SiE AE BroZ wiE3l= 713 (solvent efflux system)
< 7HAL SlolA AE W9] #7)89 FEE 2 44
& & UTK35). oleF B2 dhY] AT AHEL npgo
B vinylaromatic 31E AZBE 37} 2UEHY
T}k SMO9} 22 vE R2)) ABLEAE ©]-83) styrene
F=A AGe] B JEAIE, 53] LK (18, 2 R)
indene oxide F|Zol th3t 537} 2L=AT. AR)
B ASTAHLE 7IE g8k vl 373 3181201y SMO
o] Yokt 71 Bol S o83ty o FH B3EA
NFAIEES AZRY 4= Jomz AL 1 FAY)
< 3% 3438t 7FsAe] B2 vigo] € Aotk

MY W ye

FFoll= genomics, metagenomics 5-& 7|Eko. g 33t
24 odEAto|= v FAINRS-S 2 = e Tk
g SMOZF A&H oz Add Aoz 7|t Had
HEHAE S 2RE A SMOE &&Fog Aust A
A7 HaEJATH36). 284 (oxygenase)E E. colidl
TEHA7IE HA A89 indigoE A 4 Yok 23
2 98)E o83l vEpAlmo2RE 4L tekst 44
ASZFE SMO FHAE 7AEk] A2 SMO F34
SmoAYE o™, A 25 SMO B4 o) &3l
styrene © ZH-E] 99%ee] 1% (S)-epoxidesS AR
I AAek T3 (R)-ethyl phenyl sulfoxideS 92%ee 55
o7 A= ¢ Ik )9} 2] genomics, EF 2 %
metagenomics = 7/HEOE $F AZ2- SMO AEY 34

AEo] E&2 08 ATEdE] o], ket 718 288
UE SMO AZufe] A= Zo] Hojd Flo|t.

SMOE 3233} v]AE Y monooxygenaseS T4
Aejoll A &2 AMESh= 79, NADH % FADH,
Y reducing powers EEFOE AT 5 = AlE]
o] WtEA] Bosity Hol frles SE e 27
3}8tAQl WS- o] 83l E8HOCF reducing powerE
Ak whgo] M= ATkFig. 2)(37, 38). F71ES
3}3HE2] [(Cp*Rh(bpy)(H,0)* & o] %51 FADS} formate
A}o]€] transhydrogenation RH3-S ZISJA|7 FADH S A4
AV 4= 91, o] ¥k8-S FADH,-dependent SMO 8FS-¢])
APA7IH slstas AFE dFAIE wke-S YT
Ak o] WS o] &3td AA WA 23 reductase
(StyB)} 718l A= nicotinamide coenzyme (NAD)
9} formate dehydrogenaseE ©]-8-3t A4 A|2H-E U
A& F 3o} o] Al&FE 7|HEeE 6.5 pM SMOE ©]
83t AEW iyl oF 70% FF2 6.4 mM/he B8-S
Ao, kst 72| (S)-epoxides (ee > 98%) A2}
sulfoxidation ¥-3-& FmiE 4 AT} Reducing power
ol RS A7EE Ao By AT 4 o, &4
reducing power 1A 7S B3l SMO 5] monooxygenase
4 AAE AFSHR o] &se AR BRSNS A|2H]
o] 75 Aol

SMO
Rh-catHCOH

SMO
(CHQ)“ / \
R FADH,  FAD g
R \ Cathode

Fig. 2. Direct organometalic and electrochemical regeneration
of a FAD-dependent monooxygenase for biocatalytic
asymmetric epoxidation(37, 38).

B3 styrene oxideE X33 BB FAIEE
A, B-blocker T3 -2 JEEA oJE 3ol del
AREE ¢ Qe A fU1EA oIt SMOE AEE
oj-gah= vt A Al EA SIS F& Forro FEE
A AFARIEE F& FEE AXT F e APFe=
88 oItk SMO Y E. coli® AZFE o] 85}
P o2 3 (9)-styrene oxideE A|Zdh= FHL
T2 3 A7HA 33t pilot TFEZHA scale-upo] KA
th25, 31). 3k 71 35S £0]7) 943 o)A ¥k
A28 in situ 2] 37, multimeric monooxygenase &4~
1k gl o3} 7]& 7i4l NADH 59 cofactor regeneration
ol gk A7do] B3] s 3lo 1A H
AZHlE 2835 A oFAle|= Az V)& st
7FsAE A&FoE wobd Aoz ZigEch
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BEA styrene oxidew HHAINHS, AHAANS,
A FG7IRRS, AksE BNkE 5 O Bhe-S AT &

Ao FEA FAR g AHE-E 4= At). Styrene
monooxygenase (SMO)E AF|Z ©]8-35} styrene?]
side-chain ©]=ZA%}d] YA HMAHO 2 o) EAlo|T F2
EYAA BEEA styrene oxide F-=AE AXT 4 vk
Tt 712 Sol s 7121 A3 SMO AZ) 7, o)A
Wk A28 in sitw F2] 374, multimeric oxygenase A
U 9 QF3} 71% 71, NADH 5 cofactor regencration
5ol gk Aol s] s o), vAE fale
SMOE A2 &85l B34 styrene oxide 54
Az 7€ A5t 7IgEth

Al 2
B g FEAGY churtol 221 AFFE £
Ak

FRAGO ZRE ATl Y ol Sl 2
=g

e

g1 20093 29 18Y, AAEL 2009 4 17
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