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Production of Enantiopure Styrene Oxide by Recombinant Pichia pastoris carrying Double
Expression cassette of Epoxide Hydrolase Gene. Hee Sook Kim*. Department of Food Science and
Biotechnology, College of Engineering, Kyungsung University, Busan 608-736, Korea - A recombinant Pichia
pastoris carrying double expression cassette of Rhodotorula glutinis epoxide hydrolase(RgEH) gene was
developed and used for preparing enantiopure (S)-styrene oxide from racemic mixture of styrene
oxide. BgIII restriction site of original RgEH gene (pPICZ B/RgEH #2) of previous report was mutated
using PCR technique for the construction of double expression cassette containing promoter (Paoxi),
EH gene and transcription terminator (TTaox1) in pPICZ C vector. Double expresswn cassette with
RgEH was inserted into the chromosomal DNA of P. pastoris. Vi (2.2 pmol min” mg dew™) on
(R)-styrene oxide of P pastoris with double expression cassette was about 6-fold higher than that (0.4
wmol min™ mg dew™) of P. pastoris with single expression cassette. For the determination of the opti-
mal condition, the effects of detergent and temperature on the enantioselective hydrolytic activity and
yield of the enantiomer were investigated. When the reaction was performed at 10T for 10 min in
the presence of 0.5% Tween 20, enantiopure (S)-styrene oxide with 99.9% ee was obtained as the yield

43.4% from 20 mM racemic sustrate.
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pPICZ W Elo] double expression cassette® 4 A|71 )%
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FHRAAZE DNAE 2EA 7] Y& £32= Pichia
pastoris GS115 % (Mut his)S 1251500 DNA 221
S5 2¢ E coli DHSe #52 AF-8t9d). A28 7
FE ¥ 9% dAAZE zeocing A3 on §A
AANZE P. pastorisE AP} A 2= YPDS/zeocin 113
i 2] (1% yeast extract, 2% peptone, 2% glucose, 1 M sorbitol,
100 pg/ml zeocin ¥ 1.5% agar)E AMg3tgom GAR A%
S P. pustorisE W %F317) 8 WA 2E 1% yeast extract, 1%
peptone& ¥ 35H= BMGY ¥ %](100 mM sodium phosphate
buffer (pH 6.0), 1% glycerol, 4x10°% biotin)s BMMY ¥} %]
(100 mM sodium phosphate buffer (pH 6.0), 0.5% methanol,
4x10°% biotin) & A143% . 5 mle] BMGY |7} 9=
100 ml E&t2=0] 314 =9 &Y colony g #E3}o)
30°C, 250 rpmal} A} 1820 A7} wjokst & o] = 25 ml8} BMGY
B2 7F B Hol Qe 500 ml Sekio] HEshe] wjopaty
Th 68 A7 Ml T WOkl g PARE(B,000« gated AL
MEE BMMY w7 25 mio} OhA] HEsto] v ksl get. 24
At Bt AEE mFe F EH 28 425 9ote] 24 A7t
ZHA02 1% (v/v) methanol& 3 3 ZZF& gt
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Double expression cassette AZFHFF2 A7) Yslo] A
B[12]0 A B1d pPICZ B/RgEH #2 DNAE #3802 A}
Fatglen dol 2 2 £ =& A codong] ATG &
% H 9] A7]A Fo] Kozak sequence ((G/CNNATGG)E 7}
A/ =% 5RgEHF (EcoRI) primerE A)#s¢lch w8 a9
RgEH #7144 1076-1081 bp ]9l Bgll A&kt 7} 910
AA PCR W& o] &-31o] Bl Al & Edwo] A
The Fig 20149k 20] RgEH #8471 5 ¥l Sojrles §
AAAZE 2RAHE AZeG Bl AGALE o]
7] 91§ 1} PCRY primerE 2+ 5RgEHF (EcoRD) (5 -
gatcgaattcaaaaatggegacacacacatte - 3)9} 3RgEHMR (5 - ag-
tagatttcgectgggtanagegagaggecaaag - 3') @ SRgEHMEF (5 -
ctttgeectetegetttacccaggegaaatetact - 3°)$F 3RgEHR (Xhol no
stop codon) (5 - teetcgagcttcteccacatgacgecaa - 3)5 o] &3}
R.om 12 PCR 272 HE] 9L oF 1.1 kbo} 170 bp FE 9]
DNAZZ}-& #8og 33 5RgEHF ¥ 3RgEHRS primer
2 38fo] 23} PCRE 3¢ U2 pGEM-T easy vectord] 49
i G7INGE st Bglll Aelg Edde] Azl
pGEM-T/RgEH mut (AGATCT—AAATCT) DNAE EcoRI
2 Xhol 0.2 A3t I RgEH FA2E pPICZ C vector
o] 43)8}91.2.8 pPICZ C/RgEH mut (single copy)S 9]
o). Invitrogene] A gAY [8]o) wa} Belll 2 BamHIE o]
£-3}9 pPICZ C/ RgEH mutant=Z 5-§ Pon1.RgEH-TTon1
7b &1 Sl 26 kb A=) DNA z74¢ Zahd o
BamHI®. 2 e} A¥og wE pPICZ C/RgEH mut
(single) DNAod] 7 3}o] double copy A %3 DNAE A%}
8t¢ith. pPICZ C/RgEH (double) DNAE P. pastoris com-
petent cello] FHAEAA FFEAE 717 A FAbolmg
Azxshed g A3

SDS-PAGE M7I|HE Y HASH 2w

AzFIFE BMMY JA AN 28 S F23 o 9
AEEsted d& MEHAE breaking bufferE 2o} 600
nmoll A EHLI} 1000] =HA FEF b 2L 49 acid-
washed glass bead& 0] 4= 3] vortexing 302X HELE
Basto] 45N A7 F ABE A3 12% SDS-
PAGE #719%5< dstglom dildo d4L Coomassie
blue R-2505 AH&-3t it HdE (His)etag §FHN 2L A
A7) $18ke] SDS-PAGE gel Aol %28 gl A E-S nitro-
cellulose membraneZ H7)0]FA|7] th& 12} &) 2 (His)s-
tag antibody (H-15, Santa Cruz Biotechnology Inc., USA),
22} @A) 2= peroxidase’} ZFE anti-rabbit IgG antibody
{Jackson Immunoresearch, USA)E o] §-3} ¢ o1 walAjeko
=+ CN/DAB(4-chloronaphthol/3,3’-diaminobenzidine) sol-
ution (Pierce, USA)E A}&-319t.
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Styrene oxide 7}E3|H-gd N 8 LN
N##7) 915t BEBA (R)- 2L (S)styrene oxideE 712
2 8o 27|&E5E AR AHSE VdEEE 06
mMo]th HX 2 mg AZFF (dry cell weight, dew)ES 1
ml¢] 100 mM phosphate buffer (pH 7.5)o} #Etx|7] ¥ 3
FEre 714 FYst AR 27&EE FH3}7)
f8te] HE-g 28 F cyclohexane©. 2 &3l GCEZ £43
3 27HEERE TIY Y. WS 7]2E screw-cap vial&
AHg-Etg.on, 30°C, 250 rpme] A EFI|o)A 3L A
A8kl

Tween 20 &7t & 2O| Y

FARANZG P. pastoris9] epoxide 7}FEe|EA4 A0
3 Tween 209] G35 &A317] 934 0,01, 05,1, 2
5% (v/v) S 7] Tween 20& wk-g-HAd] H713t1 20 mM F &
o] ZA T styrene oxideZ F¢3 thg 27| 7j5Ed &%
2 AANEY L& A5t Hrbst ATt Eg epoxide 7HpE
fad Ao g 2x9 TS A8 st 10°C,
20°C 2 30°ColA] uh-& APstgon 7| AFEE 20 mM
2419 styrene oxideE AM&-3FGTH EE whgof A& A
Z¥TF P. pastoris®] AXZHL 2 mg dewol3ith

HFZ0|MQ 3|EAHS

R. glutinis EH ##AE double copy2 AJz33}e]
ANZ AZFAF P pustrisE o] 4T JEAWNZNN g
A7 styrene oxide EFEZHEH FEFETrt B (5)-
styrene oxideg A|Z37|NY APxAS FHHATH W
Sdo Tween 20& 05% (v/v) F7ista 20 mM FEe
ZA1E] styrene oxide® FY3 o} 10°Co A w188 3
den 27 7eEd &5 € YAAYRS ZFsn
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Styrene oxide9] #3855 ee Fh(enantiomeric exccess) 2
F& 23E& AT FHoEA 4L BEole HE
(D)7t 2% 7txagnteadg g MY £44
column © 2 = silica cyclodextrin capillary B-DEX 120 (30 m
length, 0.25 mm ID, and 0.25 pm film thickness, Supelco
Inc, USA) columng A48ttt o712 8 AAE ALE38}
Ho.n split ratio= 1:100, flow rate= 0.5 ml/min®. & 1 pl
9 ABE FYs BEXH5YD, column, injector, detector
9] &5+ 27} 100, 220, 220°Co| Tt B8R % ee = 100
x [S-R]/[S*R]Z A8t} 71491 A9 2 enantiopure
styrene oxide standard= Aldrich Chemical Inc. (USA) A&
& AH&stTh

éjl_'. ol &

R. glutinis EH FEXHE 7IXI= double expression
cassette LSIHE] KX

AR 2o o] &5+ vectordl= A X Yol plasmid
DNA 3el2 &A38+= vectord} £F Ao GAF o) 4
FAANZE FAoz AYsE vectorEo] Ytk AR Foj
X% P. pastorisoll AH&-He FE vectorEL URE S34
X GAA 9] AOX promoter #9] (Paox) & HIS 34
Bolo A Az dolu A AYHEES A
e vectorSolth. B Ao M Fig 1M o] pPICZ
vector DNA W] Paox-RgEH-TTaox: expression cassette7}
F i EorleE WEHE AFste], £FAZoAM RgEH &
AR F 2 AAE F JEE =39t Double ex-
pression cassetteS A|23}7] 984 PCR ¥yo.2 Bglll 2}
2|& 290l A1F2H Fig 29 o] &<l ¢{th B panel
o lane 2049} o] ZF o AFEEAT pPICZ B/RgEH
#29] A9[12], BamHIZ HYYE # 46 kb band7} 2.Y
o1} Bglllo & Hshd C panel? lane 2049} o] 26
kb 9} 2 kb band& & 4 Ao o= RgEH FH A
Bglll #}g)7} 7] wiiolth. Bgll A& EAMe] A7l
pPICZ C/RgEH mut (single)s= C panel®] lane 3] 49} 2+
o] BglllE A|3Hald 4.5 kbe] band?+ o] E@Ho| H A&
g} 4 UAS. Bgll 2 BamHIE o] &8t pPICZ
C/RgEH mut Z%E Paoxr-RgEH-TTaox7} 0] UE 26
kb A% 9] DNA 27}e ZAehllo] BamHIo.2 A} AFoz
vHE  single copy plasmid DNA (linearlized pPICZ

' : Bemitt
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Fig. 1. Construction strategy of double expression cassette of
R. glutinis EH in pPICZ C vector. Bl site of original
EH gene sequences was mutated by site directed mu-
tagenesis before this construction. The symbol of x
represented the mutation site.
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Fig. 2. Confirmation of the subcloned R. glutinis EH expression
vectors on 0.8% agarose gel. Undigested (A) and di-
gested plasmid DNA (B, C and D) with restriction en-
zymes, BamHl, Bglll or BamHI+Bglll. M: Lamda
DNA/Hindlll plus marker, lane 1, 2, 3 and 4: pPICZ C
vector, pPICZ B/RgEH (single), pPICZ C/RgEH
(mutated on BglIl site, single), and pPICZ C/RgEH
(double). Lane 2 of (D) looked likely two bands but con-
sisted of three bands (2.0, 1.95 and 0.6 kb).

C/RgEH mut (single))oll A4 9A1# A& pPICZ C/RgEH
(double)?] ¢ Bgll 9} BamHIZ A)3+81%]S o) D panel9]

lane 49 A9} 7o} 52 kb 2 19 kb 27to 2 Augon

E &vte WEO=Z double expression cassette plasmid
DNAZ} AZEHYEE FAT & Ak

R. glutinis EH @ do] Az LAH A=A 8ls}y)
938l double expression cassette z)Z 3} P. pastoris % sin-
gle expression cassette |23 P. pastorisS 9] %51 meth-
anolZ YW ANE S {53 & SDS-PAGE #A7|9% % o
A AL APt} Fig 3Ad4 9 22o] Coomassie
Bluez A3 SDS-PAGE #7|9% geldl & pPICZ C
vector, pPICZ B/RgEH (single) ¥ pPICZ C/RgEH
(double)o] A8 AZFTFFE Atojol A RgEH ¢l 4 (46
KDA)S WSl Aol S BAY 4 G WIS Py
L. &< pPICZ C/RgEH (double) AJ =zt o)X RgEH &

Bl FHo] HUFS FAF 4 AU E coliZ £FA]

X2 AHE3HE 4§ plasmid DNAS] A7HEA2 2@ A7)
a2 o}— RS AL A DAY oF 30% o]y wH
NZ & 9loy Begos BaEE 497} e w94
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Fig. 3. SDS-PAGE electrophoresis (A) and immunoblotting (B).
M: protein marker, bovine serum albumin, ovoalbumin,
carbonic anhydrase and bovine alpha-lactalbumin, re-
spectively, lane 1, 2 and 3: recombinants containing
pPICZ C vector, pPICZ B/RgEH (single) and pPICZ
C/RgEH (double), respectively. The amounts of cell ly-
sate loaded for immunoblotting were six-fold more
than those loaded for SDS-PAGE.

2 ARIEE P pastoris®] 7% L@
gloz 93 Ay thuldz =T
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t}. Fig. 3Bojj A ¢} 7to] double ex-
pression cassette® W&HA|Z] AZFIF} single ex-
pression cassetteZ T#A|7] pPICZ B/RgEH #2 Bt} R
H 3 bandE B 4 J& AL double expression cassette
2 AFHo|A o)7|x AT AlF codon ¢Zo)| Kozak se-
quenceE FolA A& Ax GAFE FFAIAE Aol

Double expression cassette X{Z8t P. pastorisE Ol
88! styrene oxideQ| S IR
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min” (mg dew)” @ 3.7 mMo| it} AH[9]o] B g single
copy A #3 P. pastoris®] 7% 3584 nmol min” (mg dew)’
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Fig. 4. Degradation of styrene oxides by double expression cas-
sette recombinant P. pastoris containing R. glutinis EH
gene. EH activity was determined using enantiopure (R)-
and (S)-styrene oxides at different concentrations from
0 to 6 mM in 100 mM potassium phosphate buffer, pH
7.5. Reaction was carried out at 30°C.

o vl 8t double copy A= P. pastoris®) (R)-styrene
oxideo] & Vmax kol oF 68] 4=t Single copy
A2 3% (R)- L (S)-styrene oxideo] th}e] Kmo] 2}
Zt 477 7.3 mMo]§l e, double copy AHZ% P. pastoris
Z (R & (S)styrene oxided] tjsle] zZtz} 3183 3.65
mMZ single copy ANZ§ P. pastoris®} FAISE $F & B
At Kn2 289 EH 249 1#F SAolng 33%
of BAYC] FAE Fe B W, Ve G AZ0}9
&l W&} 7] W&o double expression cassetteE A1) Al
Need SAELS ¥ A5 BT 5 ¢ 9
+ ¢4 90

Tween 20 &7P7t YUNMEF TlRal
= an

Kronenburg 2 Bont [11]= 2-2% 3] 9] R. glutinis EH
4o vo]&A detergentE H71FogA WL E &
AANAGL BHdgHoen Lee ¥ Lee [13] R. glutinis2]
EH @92 & P. pastorisol] FAA AZFATE FHAX
A)71E B4 o) 4] Triton X-100, Tween 20 2 Tween 80 &2
718149 S 1) epichlorohydrin 27] 7423 vtg&£ %7} 2
v o] sEtn Rud v o

Fig. 5& Tween 208 W& HFF%E 01,05 1 & 5%
(v/v) HE2 F7}ste] 30°Col A 20 mM 24| styrene ox-
ideo] g 7teie WM& € F&& ST Aol
AMEZF 2 mg (dew) 2 AHE319S © Tween 208 FH7}3H
B2E AYFAA 102 ~15% Atold] (R)-styrene oxideE =2
T BAE F ARy (S)-styrene oxided 39.7% ~41.7%
o FEE 4& F At Tween 208 71814 & A%
(R)-styrene oxideZ 208 wdtol] 23}l (S)-styrene oxideZ
302%E d& Az} vws B o 01~5%9 Tween 209
Ate 7HRAEE 2 &8 PHHEE € UL
o, 71 FA X Tween 202 05% 715 wkg-0] 713 4

Bpiiss

BISST0l| 0|

HIS2oo AMMEH JlRel MSST0 OlXl= &3
Fig. 6= double expression cassette =3 P. pastoris A
Z1) 2 mg dewE AlE-3}e] 20 mM A9 styrene oxide &
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Fig. 5. Effect of Tween 20 on the resolution of racemic styrene oxide by double expression cassette recombinant P. pastoris. The
substrate concentration was 20 mM racemic styrene oxide and reaction was carried out at 30°C. Symbols: (@) (R)-styrene
oxide, (O) (S)-styrenhe oxide, and (M) enantiomeric excess.
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Fig. 6. Effect of the reaction temperature on the resolution of racemic styrene oxide by double expression cassette recombinant
P. pastoris. The substrate concentration was 20 mM racemic styrene oxide. Symbols: (@) (R)-styrene oxide, (O) (S)-styrenhe

oxide, and () enantiomeric excess.

FEE 7eEsEed glo weerrl weET 2 et
84 (9)-styrene oxided] $g HAE JFL 4 A%
ot}. Fig. 504 Ri= ujg} 7.5101, %%57} 30, 20 2 10°C
2 gopasz 5

5ol AASE Ae 7—T7—} 20, 40 % 60208 W&
= wobdth a8 AAEQ (S )—styrene ox1de4 Pt
2 FE& SN 73343 ’\L-l%E‘_ ee F& BE LEA
99.9% ee ol }&
2 332%2 wg
FAtolEg dG

HHZAHM 3242 Z 0|28 (S)-styrene oxide?|
H=

Fig. 5 ¥ Fig. 62 AR 2 2E A& 2 mg dew 2 20
mM 55 9] 2}A9) styrene oxide ¥HE %N o] Tween 205
05% (v/v)Z H7}8ta, 10°Col M ¥hEA) 7| H =& Fatrr
o (S)ystyrene oxide s & FE€E 9L 5 &L & 4 9l
At Fig. 7& R. glutinis EH §-AAZ pPICZ vectore]| dou-
ble expression cassetteZ Az {3t BHA 7 AZFAFF
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_. 8 reo &
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£ g
§° -
S
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2 2§
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Fig. 7. Effect of Tween 20 and low temperature on the reso-
lution of racemic styrene oxide by double expression
cassette recombinant P. pastoris. Hydrolysis reaction
was carried out in the presence of 0.5% Tween 20 at
10°C. Symbols: (@) (R)-styrene oxide, (O) (S)-styrene
oxide, and (M) enantiomeric excess.
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