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Improved expression and catalytic efficiency of (R)-carbonyl
reductase in Escherichia coli by secondary structure
optimization of mMRNA translation initiation region
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Abstract: To improve the expression level and catalytic efficiency of (R)-carbonyl reductase from Candida parapsilosis in
Escherichia coli, we optimized the mRNA secondary structure of (R)-carbonyl reductase gene in translation initiation region (from
+1 to +78), and constructed the corresponding variant. The formation of hairpin structure was significantly reduced and the Gibbs
free energy was dramatically decreased from —9.5 kcal/mol to —5.0 kcal/mol after optimization. As a result, the expression level of
(R)-carbonyl reductase in the variant was increased by 4-5 times and its specific activity in cell-free extract was enhanced by 61.9%
compared to the wild-type strain. When using the whole cells as catalyst and 2-hydroxyacetophenone as substrate with a high
concentration of 5.0 g/L, the variant showed excellent performance to give (R)-1-phenyl-1, 2-ethanediol with optical purity of 93.1%
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enantiomeric excess and a yield of 81.8%, which were increased by 27.5% and 40.5% respectively than those of the wild-type. In

conclusion, the optimization of mRNA secondary structure in translation initiation region can overcome the steric hindrance of

translation startup, promote translation smoothly to acquire high expression of target protein, and favor protein folding correctly to

efficiently improve the enzyme specific activity and biotransformation function.
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Fig. 1 Reaction catalyzed by two different carbonyl reductases.

RCR: (R)-carbonyl reductase; SCR: (S)-carbonyl reductase;

(R)-PED: (R)-1-phenyl-1,2-ethanediol; (S)-PED: (S)-1-phenyl-1,

2-ethanediol.
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Table 1 Strains and plasmids
Strains/plasmids Characteristics Sources
Strains
C. parapsilosis Source of rcr gene This lab
E. coli DH5a Host of T-rcr and T-mrcr This study
. Host of pET32a-rcr and .
E. coli BL21(DE3) pET32a- mrer This study
Plasmids
pMDI19-T Amp™, 2692 bp TaKaRa Co.
1.0 kb DNA fragment with .
T-rer rcr gene in pMD19-T, 3.7 kb This study
1.0 kb DNA fragment with .
T-mrer mrer gene in pMDI9-T, 3.7kb | Pis study
pET32a Amp', 5900 bp Novagen Co.
1.0 kb DNA fragment with .
pET32a-rer rer gene in pET32a, 6.9 kb This study
pET32a-mrcr 1.0kb DNA fragment with This study

mrcr gene in pET32a, 6.9 kb

*Amp'=50 mg/L.
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1.1.2 PCR PCR
Tag DNA T4 DNA 50 pL ; PCR 1 95°C 5 min; 94°C
Nco Xho IPTG () 1 min, 57°C 1 min, 72°C 1 min, 30 ; 72°C 10 min
, DNA Marker , PCR rcr - mrcr pMD19-T
OMEGA BIO-TEK, , E. coli DH5a ,
, , T-rcr
2- TCI( ) T-mrcr
, (SBS)
15 REBEWMMESLEE
1.2 BiREFE Nco I/’Xho I pET32a
LB [14] T-rcr  T-mrcr , DNA
C. parapsilosis 50 mL , E. coli
250 mL ,30°C 150 r/min 48 h BL21(DE3), (50 mg/L) ,
50 mg/L PCR DNA R
1.3 E[E4H DNA FnEhiaY2EL pET32a-rcr  pET32a- mrcr
C. parapsilosis DNA 1.6 B#HEBMESRIA
[16]’ LB
14 EAEZES mRNA FEiFREX ZREHE : ODgo 0.6~0.8 1 mmol/L
ik IPTG, 37°C 8h SDS-PAGE
C. parapsilosis  (R)- ) (Quantity One)
(RCR) (GenBank Accession No. 1.7 EHEEHWEEENE
DQ675534)!'",  DNAMAN RCR F 3 ,
RCR R( 2) MFOLD RCR 0.1g , 20 mmol/L
rcr  mRNA (TIR) (pH 7.0), 03¢g , 3 min(
( Q) (http://www .bioinfo.rpi.edu/ 1 min, 2 min), 12 000 r/min 3 min
applications/mfold/rna/forml-2.3.cgi)!'®,
, MRCR_F (1]
MRCR R, rer 1.8 EHFERIEWEEL
, mrer( 2, SmL , Tris-HC1 (0.1 mol/L,
) pH 8.5), JE#) 2- 5¢g/L, 0.1 g/mL,
30°C 48 h,
*2 EFARENTY 2 , HPLC
Table 2 Primers for genes cloning ’ (R)-
Primers Primer sequences (5'~3')
RCR_F  ATCCCACCCCATGGATGTCAATTCCATCAAGC (ee. ) =
CAG (Nco )
RCR_R ECA((:XTh%TC)GAGTGGATTAAAAACAACTCTACC y) %% 5 ﬁ ﬁ:\
N TICGTATICAATAAGCAATCAGGATTAAACT 2.1 mRNA BHEAIAR =~ REHM AL
MRCRR  TGACTCTCOAGTGGATTAAAAACAACTCTACC MFOLD . ®
TTCATAAGCATTGTT (Xho ) rcr mRNA (TIR)
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(+1 nt~+78 nt) , PCR ,
( G , 13 pET32a-rcr  pET32a-mrcr( 3 3 10) ,
( 2A 2B) mRNA TIR DNA , rcr C.
G , , TIR parapsilosis (R)- (Gene 1ID:
, G —9.5 kecal/mol(  2C); DQ675534) [, mrcr
, TIR , G 13
-5.0 kcal/mol( 2D), 1 23 mRNA ZRhEHMMMBEEERS BRERM
mRNA TIR , FTikKF
, pET32a-rcr pET32a-mrcr
308 mRNA , E. coli BL21(DE3) s DNA
, E. coli BL21/pET32a-rcr
22 EBFRUBEEMEEREARKMNMGE  E coli BL2I/pET32a-mrcr - SDS-PAGE
C. parapsilosis DNA , 57 kD
RCR _F RCR_R , PCR ( 4, E. coli BL21/pET32a-mrcr
(R)- rer; mRNA ,
MRCR_F MRCR_R 4~5 R
mrcr 1% ,rcr - mrcr  PCR pET32a (
, 1.0 kb ( 3 Trx-Tag His-Tag S-Tag ) 20 kD,
1~2) PCR pMDI19-T (R)-
, T-rcr  T-mrer 37 kD! 57 kD , mRNA TIR
T-rcr  T-mrcr s pET32a
A (+1) atg tca att cca tca age cag tac gga tic B (+1) atg tca atA cca tca TCA caA tac gga ttc gta
eta ttc aat aag caa fca gga ctt aag ttg aga aat ttc aat aag caa tca gga TtA aaA CtA CgT aaC
gat g cct gte (+78) gat ttg cct glc (+78)
—C—A
C o A-U~y_ !m D g C’A’U Mg
U <. >
G A £ -50
u 3 U SPSPCN
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C K t-6 20 5' 3 L\I}f‘
o 0 AU L\(')A\
70 (LA \ A 50
4 ot Ko
v 30—C-G 70 (.{ J\C/ 3 *‘b\)\
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Fig. 2 Nucleotide sequences and the prediction of secondary structure of TIR. (A) The nucleotide sequences of rcr (from +1 nt to
+78 nt) before optimization. (B) The nucleotide sequences of mrcr after optimization (the optimized sites were marked with capital
letters). (C) The predicted secondary structure of the 78 nt of TIR of rcr before optimization by MFOLD algorithm by Zuker et al. (D)
The predicted secondary structure of the 78 nt of TIR of mrcr after optimization.
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Fig. 3 Agarose gel electrophoresis of PCR products and
identification of recombinant plasmids. M1: DL2000 DNA
marker; 1: rcr; 2: mrcr; 3: PCR with pET32a-rcr as template; 4:
PCR with pET32a-mrcr as template; 5: pET32a-rcr digested
with Nco I; 6: pET32a-rcr digested with Xho I; 7: pET32a-rcr
digested with Nco I/ Xho I; 8: pET32a-mrcr digested with Nco I;
9: pET32a-mrcr digested with Xho I; 10: pET32a-mrcr digested
with Nco I/ Xho I; M2: E10000 DNA marker.
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Fig. 4 SDS-PAGE analysis of cell-extracts of E. coli BL21/
pET32a-mrcr and E. coli BL21/pET32a-rcr. M: protein marker;
1: E. coli BL21 bearing pET32a-mrcr without IPTG; 2: E. coli
BL21 bearing pET32a-mrcr with 1 mmol/L IPTG; 3: E. coli
BL21 bearing pET32a-rcr without IPTG; 4: E. coli BL21 bearing
pET32a-rcr with 1 mmol/L IPTG. The target protein was marked
with arrows.
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0.68 U/mg,
61.9%( 3) mRNA TIR
b G’

[21]
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Table 3 Reductive activity in cell-free extracts and
asymmetric reduction by recombinant strains
Plasmids IPTG Specific ~ Optical purity Yield of
(mmol/L) activity  of (R)-PED (R)-PED
(U/mg) (% e.e.) (%)
pET32a 0 0.02+0.00 0.00=+0.00 0.00 + 0.00
pET32a-rcr 0 0.42+0.03 73.0+0.05 58.2=0.04
1 0.33+0.02 63.4+0.04 40.3 £0.03
pET32a-mrcr 0 0.68+0.04 93.1+0.07 81.8 £ 0.06
1 0.57+0.02 85.2+0.05 70.5 +0.04

The reported values represent the average of at least three
independent measurements. All relative standard deviations of
fits were less than 10%.

, pET
E. coli BL21(DE3) IPTG ,
Kataoka IPTG ,
(221 Kuramitsu
Thermus thermophilus HBS8
(23]
E. coli BL21/pET32a-mrcr IPTG , (R)-
( 4 « 3
IPTG
IPTG s ;
[22-24]
25 BHHEAWRENIEL
5mL , 0.1 g/mL
(5.0 g/L 2- )
(R)- ,
93.1% e.e. 81.8%,
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