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Development of Recombinant Escherichia coli Expressing Rhodotorula glutinis Epoxide Hydrolase. Soo
Jung Lee and Hee Sook Kim®*. Department of Food Science and Technology, College of Engineering, Kyungsung
University, Busan 608-736, Korea — The epoxide hydrolase (EH) of Rhodotorula glutinis which has a high
enantioselectivity against aromatic epoxide substrates was expressed to high levels in Escherichia coli
based on codon usage. We analysed the preference of codon usage between the yeast, R. glutinis, and
bacteria, E. coli. E. coli, Rosetta(DE3)pLysS, harbors pRARE plasmid with tRNA genes for rare-codons
was employed as a host strain. The recombinant E. coli expressing R. glutinis EH showed an enhanced
enantioselective hydrolysis activity toward racemic styrene oxide. Enantiopure (S)-styrene oxide with
a high enantiopurity of 99% ee (enantiomeric excess) was obtained from racemic substrates.
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Table 1. A list of rare codons used in R. glutinis EH gene

Amino acid Rare codon Fraction I (%)* Fraction II (%)°

Arg AGA 0 0
AGG 14.3 0
CGA 7.1 0
CGG 0 0
Gly GGA 23.1 15
Leu CUA 0 0
Pro CCC 25.6 25
CCU 231 22

*fraction of codon usage of the same amino acid in R. glutinis EH.
Pfraction of codon usage of the whole 409 amino acids in R.
glutinis EH.
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Fig. 1. Construction scheme for pET-21b(+)/RgEH plasmid
containing R. glutinis EH. Amplified PCR product was
ligated into pGEM-T easy vector. RgEH DNA frag-
ment and linear pET-21b(+) Vector digested with
EcoRI and Xhol were ligated together.
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Fig. 2. SDS-PAGE and immunoblotting analysis of recombi-
nant R. glutinis EH in E. coli Rosetta. EH protein were
expressed as the cells were induced with 1 mM IPTG
for 3.5 hours. (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 mem-
brane and immunoblotted with polyclonal hex-
ahistidine antibody. Lane 1, 2: Rosetta cell with vector
only without induction or with induction, lane 3, 4: re-
combinant Rosetta without induction or with in-
duction, M : standard protein marker. Arrow indicates
hexahistidine fusion R. glutinis EH.

AZY E. colizt GAAAA 7hpis] 40| A=AE &
ola}7] $13te A= Rosetta M EE YZuj 2 AFE3 }@1 gt
A2} styrene oxide 7] Ao g YA EolA &3l WSS
AN EE A2 74 40 mg/ml (dry cell weight)% 100
mM phosphate buffer (pH 8.0)-& 4o} W31 20 mM racemic
styrene oxide® FY§ ¥ 30T, 250 rpmol| A §Hg-& P&}
gou whEy £ dAFS MEH3A cyclohexaneo. &
%3} chiral GC #A4& 3 YA Sl 7hrEs) ve
& E"]Ha‘ Stk A4 ¥HE7]dAM 108 B 208 93 &
3k-8- o & chiral GCE #413 23, =3 Rosettarw styrene
0de€°11 ot JAFlHA st EEE BAFY
(Fig. 3). & A7 AolM R. glutinis EH gene& E. coli BL21
(DE3)ol} 2&AI7l A9 tiu] Rosettad] FAAHE A5 o
3u) A5 Ao =YUYW A% codon usages} &@01 Ae
Zoz AWE 4 98 Aotidata not shown).

I

MZ& Rosetta ME0 SHEM Y 3|4 (S)-styrene
oxide HZ=

ul-g-all o] styrene oxide 48 93] 1 ml9] §H-&-AB&
% 1 ml cyclohexane .2 #Z31 7] &rj&& GCE
3t eeqt 9 EH #4S Fr7lstgd. R glutinise] EH/- A}
2 NARE AZF3 Rosetta FFZ 0834 (R)-styrene
oxides} (S )—styrene oxideo]) T3 A =g RgEHS %7] &3]
&2 2 Fig. 49 Yehliglt) 7|35 58 4584 A&

M e
1

frrel 6 mME 3L o, (R)-styrene oxideol| thd z7]
B34 r 1600 nmol/min/mg dew2Z 700 nmol/
min/mg dew$l (S)-styrene oxideel H]3le 712 Eo]3 EH
Aol & AL & 5 AU EF (R)-styrene oxide L
(S)-styrene oxide 25 F=7} @& & B AEF
02 ZARAL, ¥ Ut 3 B2ad FUH02 Ho
o] =eshe A%FE HYh

3.8417
Y
84867

wnee 27 G133

e §7918%:3633 16003: 1100 .

Pt

Fig. 3. Chiral GC analysis of racemic styrene oxide substrate
after the enantioselective hydrolysis using recombinant
Rosetta with pET-21b(+)/RgEH. (R)-enantiomer peak
of B, C is disappeared due to the enantioselective hy-
drolysis by recombinant EH. A: Rosetta with pET-
21b(+) vector only, B: recombinant Rosetta with
pET-21b(+) /RgEH (10 min reaction), C: recombinant
Rosetta with pET-21b(+)/RgEH (20 min reaction).
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Fig. 4. Effect of substrate concentration on the initial hydrolysis
rate of substrate, (R)-styrene oxide (A) and (S)-styrene
oxide (B) by recombinant R. glutinis EH in Rosetta.
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