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Production of Chiral (S)-styrene Oxide by Rhodosporidium sp.
SJ-4 which has an Epoxide Hydrolase Activity
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Abstract : A veast strain utilizing styrene epoxide as a sole carbon and energy source was isolated from soil samples for the
production of enantiopure of styrene epoxide by kinetic resolution. The strain, identified as a Rhodasporiditm tordoides 5J-4,
expressed an epoxide hydrolase which preferentially converted (R)-styrene epoxide into the corresponding diol. A maximum
activity of 135 U/L was observed when biomass (dry cell mass) reached 6.7 g/L at 21 h of batch culture. Under the partially
optimized reaction conditions (35°C and pH 8.0), the optically pure (5)-styrene epoxide was obtained with the yield of 21%
when the initial substrate concentration was 100 mM. The reaction was completed at 9 h

Keywords : epoxide hydrolase, Rhodosporidiven tordoides §1-4, styrene epoxide. kinetic resolution
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E 1. 29" TF 59 epoxide hydrolase 2.
Tablel. Epoxide hydrolase activity of various isolates’.

Strains Hydrolytic activity’ | Enantioselectivity’
511 ++ ++
S1-2 -

513 -
§J-4 +++ +++
SI-5 + +

516 -

SI-7 -

518 +++ +++
519
5I-10
g7-11 +++ +++

"The relative hydrolytic rate and ee value were compared wath
those of ST,

2Hydrolytic activity: (+H+1), excellent [hydrolysis =100%]; (++),
good [hydrolysis =80~ 100 %], (+), moderate [hydrolysis= 50
~80%] (-), low [hydrolysis=0~50 %o].

3Enaniiu;)selc-;:iivity: (++1), excellent [ee=100%] (++), good
[ee = 80~100 %], (1), moderate [ee=50~80%] ; (-), low [ee
= 0~50 %].

Aetivity (117
Binmass (g dew I}

T T T T T
[u] a 10 15 20 24 30
Time (h)

o9 1. 814 §Fe AFRTAT A4S Biomass ( O )
epoxide hydrolase activity on racimic styrene oxide { @#).

Fig. 1.Growth of FRhodasporidion sp. SJ-4 and whole-cell
epoxide hydrolase activity. Biomass { (0 ), epoxide
hydrolase activity on racimic styrene oxide { ).

2. Bioreactor SH2fD} EH 2

Bhodosporidism sp. ST-45 5 1 LEF M vjaksiEe T
A A7 EH EEHS ARG Fig. 1). TAEEE 21
AR BERAFReH, HH 023 h'e B EE(spedfic
growth rate)E WEIUIRICE o Al EFEE d:IFoR
68 g I'o]%ck FHY 842 74 559 598 %o
Z7BIEe™, 35C, pH 8094 &3 racemic styrene
oxidese] e FtH g2 wjer 2047 135 U I'® e

g} o] Jul= Ehodasporidim sp. SI4¢ 4 EH & &
HfE(enzyme induction) A ¢lo] T s} ol A4k
e (growth-associated) E-4% 2E(constitutive) EAD-S
Sjm) Ry,

EHE zhe o9 A3 &4 24 24ge tg 29
 BA goh #3240 BEH 244¢] 2 whole-cellS A 23}
71 H3 dFEAE 71EE 2E SUAR ARSI
Trichosporon foubiersi ECUL10408] EH 24 82 124717
$4232)7) Azt B SICH11] Phenyl glyeidyl cther(PGE)
5 mME 2E STAR A A% 81 U's) EH 4%
DS ReH, WA 24 HEE B frhleke 3
HEHL = 3243 WS T3 15 g '8 AEL 300 U
r's] EH 24¢ 49tk 2agdich o8 Zae} bz
v, sl 7IES ¢EF 2 5 H AFHIFE
B4 & AT 2141719 ujFe S8 68 ¢ 119 Al
ETEF 136 U I'e] EH 84< 4o H489 2ol T
[oubierii ECUIO0ZHE L& ZAA &3 $50)|300k
o}= Rhodosporidiam sp. S1-47F $53 EH 24& 713 &
FUE SRt
3. ZE, pH, S0Hel Hgk

Fhedesporidion sp. 81-42] EH &4+l p)x]= w250
HEES 10~40°C HRHAM 2AF SEFe 2). &271FR
20 mMS] racemic styrene oxideE AMESISHI pHE 8.0°)%
. HE 2% HYAM (S-enantiomerol] I 3 H=E
e W=t o, (R)-enantiomere] tHSF E8i&=E 35T
7b 7 EskeER o8 HE 2EE ZAEYC Fg. 3
2 Weta BE Babs e UE pHY 93-S RoE
th 35TolA @gde] pHE 50~90717A WHEAHT
racemic  styrene  oxide?] EZIEEE 20 mMe]RTh (-
enantiomer?] 23] HE7} TAEFE (F)-enantiomers] 3
ETE ZrlEe A 297, HAgHS pH 7.5~ 802
Lol vheEnfe] YRS AWET] HEted 35T, pH
80414 100 mM Trs-HCl, 100 mM phosphate buffer ~1¥]31
pHT 8028 A4S FRpM %7 7k Bo) =2
E483TE 3714 EF vl FH 2492 92 ¢ Ao
(B A, 53] FFpoME @597 n|sF £H
FH 4¢ 2% F Ued 7778 A 3% 2
A gl B )] ek
4. Mz Z42 9|

oA E 2t £ FHEHAMEEHEE 53t AE W 2
g do £ 2 EH 84E SHSHHTable 2). FA|
FH 2444 ¢k 519%3 =7} mitochondria fraction™ microsomes
fraction™]] =S & £ Yok =5 v weld oF EH
%ﬁé(speciﬁc activity*2 mitochondria fraction®] 4] 100 nmol
min' mg' 2 7P BE £ BYEd olE HET (BF
o BB A2 SusA we A9 B ) gl o
3 <] E=Heich Mitochondra fractionid microsomes fraction
oo B& o] L2AA o]fE ©] fraction] FH7 IF
T2 EA3E7] WE2ez FHHch =3 AEsR <l
mass transfer barier] cell wall®] AAH= Fa23 Heler
HoEch



860
16
—— (f)styTene oxide
14 — 4 (R)styTens oxide
El
o
w12 ]
5
5
E 1w
B
B o’//O/_—Q\‘H
8
4 g
| .~
// //
] ]
il 10 15 20 25 30 35 40 458

Tempemtume (*C)

219 2. (A)- and (3)-styrene oxide 3] n)Ae £xo] 4k
(R)-styrene oxide (@); (S)-styrene oxide ().
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Fig. 3. Effect of pH on specific (£)- and (S)-styrene oxide
degradation rate by Fhadosporidiem sp. ST, (R)-styrene
oxide (@); (S)-styrene oxide ( ).

* 2. Fhodosporidium  sp. SJ-4194 Zt BEEofH epoxide
hydrolase 24,

Table2. Fpoxide hydrolase activity in various fractions of
Rhaodosporidim sp. 814",

Fraction Tctal pro_tlein Total acti_vﬂ:y Speafic .aﬁtivi_ ee

g ml™y | ol mins) | (ol minTmg) | &

Debris 4.34 0.275 62.55 26
Miochondria 3.Z7 0.327 100.00 40
C:}gm%e 634 0.280 4416 10
Microsomes 267 0.225 8420 g
Cytosol 4.02 0.225 55.99 2

1Spe(:iﬁc: activity represents the degradation rate of (F)-styrene
oxide.
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oxide ().

Fig. 4. Degradation of enantio-pure styrene epoxides by
Fhodasporidium sp. $T4. EH activity on enantiopure (F)
and (5)-styrenc oxides were detenmined at different
coneentrations from 0.5 to 5 mbM in 0.1 M patassium
phosphate (pH 8.0). Inset shows Lineweaver-Burke plot to
determine kinetic constant of Michaelis-Menten equation.

(F)-styrene oxide (@); (S)-styrene oxide ().
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% cnantiomer 2 I Fej4HES] £ SfsiMz A 2
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(R-styrenc oxide ZF 5571 B wie 2oLwst 434
o7 F7RIARL ¥& wiE A 2ddtd AFe R F
R =gdle As BTk

A EBHSEE()S EETEE VSRV
styene oide BT, () R (98 BT A9
(Lineweaver-Burke plot) 42 7|27] 2 yEH o2 HE g
Atk (9)-styrene oxidesl| THEH Voot & K2 212} 14.2 nmol
i’ me cell'l, 57 mM ¢]Sia (F)-styrene oxided] THEH
Vo &} Ente 493 nmol min’ mg cell’28 mMe)%ich
(Table 3)

AEEA AT AAYFEE I AT (9,
(R)-styrene oxide F=F § mM=Z AL AHES] (-
(F)-phenyl-12-cthanediold] #%EF 0-80 mM W7o
styrene oxide E3EHEE ZAEIETE Eq (DT Eq. Q)EF
o M8 K 0) B By (OF 0], F L= w1
plot?] 7|27|25H, 445 A HE 7 + UM
on, kP pRe 2zt 2735 24.5 mMe]RIT} (Table 3).

Vi K7 i
__[T_‘_l]_'—_—.s'j 3
Vimas Kn Ka

|4 _[R H K.DR-R'I @

Fig. 52 271%% 4 mM9] M2 styrene oxided] £H
B3 BREPS A0 @Rl U 489} o)EAE
EaAls ReE) 98 808 HI F, (B)-styrene oxide= &
3] B3 (ee = 9% HULH 25% AR(CIEFE = 30
20)2] (S)-styrene oxideS LS ¢ Uk He 5oll4 22
Table 3o F17 kinetic parameters Z5S 53 competitive
Michaclis-Menten Kinetic model®] <]Ek& ehlin] <)

3 AHANE Fhodasparidim sp. STAT} A radichacter AD15-
gl] A AH EHE ] &%) styrene oxide E3|vH2-2] &
ek 4%,

Table3. Kinetic constants for the conversion of styrene oxide by
whole-cell Rhodosparidizen sp. $1-4 and purified EH from
A radiobacter ADI.

« | Whole-cell EH from| Partial-pun fied EH from
Parameters o )
Fhasporidiim sp. A radicbacter AD1
I
V. nmol
o ¢ 4 142 18.5x10° £ 1.7 10
min mg cell™)
Ve (ol
o ( p 405 74x10°+ 5
min” mg cell™)
K (M) 5.7x10° 25+5
Ko (M) 2.8x10° 0.6£02
& (mM) 245 2045
K (M) 273 42410
&) 2.7x107 9.54x10°
& 2.7x10° 9.54x10°
E-value 7.1 13
Reference This study Baldascini, 2001
*Symbols are given in the text.
158}
16}
Zi4 0 o
g 124
% 08
E 06 +
i
0.4
02
0 M L L 1 M M + 3
1] 10 20 30 40 i) =0} 70 8‘0 91
Time: (min’

219 5. Rhodosporedium sp. ST-4E ©] &3 (R)-styrene oxide (+)
9} ()-styrene oxide (9] FEHEE. HEL dHo<]
Blo] 2 A& akr Al A g e

Fig. 5. Degradation of (R)- (+) and (3)-styrene oxide () by
whole cell Rhadasporadicen sp. $J-4. Symbols represent
experiments and lines the simulation results with the
kinetic constants surrmarized in Table 3.

A2 ARJFHCE o= purified FHo Tl Aot 9
g (O 27} el wallS SI5F= mass transfer bamier7}
EAEFE whole cellell HeiM®= 2 J&E £ 3USS 2]
St Table 32 Rhodosporidien sp. S1-42] whole-cell FHS]
UGS HRSL SO Eolth

Whole cell=l|] T3 H YA Ap= olE By H niF}
Sl TR Acrobacterion radichacter ADI2RE FE B3
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