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Characterization of the affinity-tags-regulated (S)-carbonyl
reductase 2 towards 2-hydroxyacetophenone reduction

Yaohui Li, Rongzhen Zhang, and Yan Xu

Jiangnan University Lab of Brewing Microbiology and Applied Enzymology, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract:
from Candida parapsilosis can reduce 2-hydroxyacetophenone, which is a valuable prochiral ketones. Different affinity tags,
i.e. his-tag, strep-tag and MBP-tag, were attached to the N terminus of SCR2. These tagged SCR2 enzymes, i.e. his¢-SCR2,
strep-SCR2 and MBP-SCR2, were heterologously expressed in Escherichia coli and purified to study their characteristics

The influence of different affinity tags on enzyme characteristics varies. The (S)-carbonyl reductase 2 (SCR2)

towards 2-hydroxyacetophenone reduction. Affinity tags did affect the characteristics of the recombinant SCR2 enzymes.
Specifically, affinity tags affect the stability of recombinant SCR2 enzymes: 1) At pH 6.0, the remaining enzyme activities of
hisg-SCR2 and strep-SCR2 were only 95.2% and 90.0% of the untagged SCR2, while that of MBP-SCR2 was 1.2 times of the
untagged SCR2 after incubating for 13 h at 30 °C. 2) The half-life of MBP-SCR2 at 50 °C was 26.6%—48.8% longer than those
of strep-SCR2, hiss-SCR2 and untagged SCR2. 3) The k., of MBP-SCR2 was about 1.25-1.45 times of that of small
affinity-tagged and untagged SCR2 after storing at —80 °C for 60 d. Structural informatics indicated that the a-helices at the
C terminus of MBP-SCR2 contributed to the stability of the N terminus of fusion protein of SCR2. Data from circular
dichroism showed that the MBP-tag has some influence on the secondary structure of SCR2, while melting temperature
analysis demonstrated that the 7, of the recombinant MBP-SCR2 was about 5 °C higher than that of the untagged SCR2. This
study obtained an efficient and stable recombinant SCR2, i.e. the MBP-SCR2. Moreover, this study could serve as a reference
for other researchers to evaluate and select appropriate affinity tags for their research.

Keywords: (S)-carbonyl reductase 2, affinity tags, enzyme characteristics, biocatalysis
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B ERAT; I BLEEE: Candida parapsilosis
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¥ His-F1 Fl His-R1 PCR 4" 4 S B bn 25 Y
scr2 R B hise-SCR2., ##H, By WA K
hise-SCR2 FlZE 44 pET21b ki 351 BamH 1 Fl
Xho 1 WEEYT, 43 5IE RIS SS , FIF T4 DNA %4
BT 16 CHERIR, WA 100 pg/mL & EH 5
R, T 37 CilidEss. PREH v Bl
TEA 100 pg/mL 2 N & RA LB A IR 5L
H, 37 CEERAR . SEEUTORIE T PCR FIEGYIES
WE, BHPETLFE E. coli IM109/pET-hisg-SCR2 %4 1.
YR (B BOARRAFMIF . BL Strep-F1
M Strep-R1 519, HIRAER 7 by @ w40
E. coli IM109/pET-strep-SCR2 , Lk MBP-F1 i
MBP-R1 Ry 514, R I kA @ B2 T E. coli
JM109/pET-MBP-SCR2. JIr g JFhi f5 14 W4 1.
1.2.2 HEHBRE S

A4 7 TE# #4 JF k7 pET-hise-SCR2 . pET-strep-
SCR2. pET-MBP-SCR2, pET-MBP #l TEV ¥4k
BRZ AL E. coli BL21(DE3) 5, 4 T& M
BT ER LB PR, T 37 CHEIERFRRK.
PRECATR V2 5 mL 9 LBYRAAEE SR B G52 7-8 h,
P 1% R 4T 500 mL /Y LB JE3e3td, F
37 C. 200 r/min FEKRKEFEE ODeoo 14 0.6-0.8,
FIIAZASE N 0.1 mmol/L A% S5 IPTG, $EE1E
25 “C. 200 r/min ¥537 12 ht"1,
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Table 1 Strains, plasmids and primers used in this paper
Strains and plasmids Characteristics Source
Strains
E. coli IM109/pCP-SCR2 E. coli IM109 harboring pCP-SCR2 This lab
E. coli IM109/pET21-his¢-SCR2  E. coli JM109 harboring pET21-hisg-SCR2 This work
E. coli IM109/pET21-strep-SCR2 E. coli JM109 harboring pET21-strep-SCR2 This work
E. coli IM109/pET-MBP-SCR2  E. coli JM109 harboring pET-MBP-SCR2 This work
E. coli BL21/pET21-hiss-SCR2  E. coli BL21(DE3) harboring pET21-hiss-SCR2 This work
E. coli BL21/pET21-strep-SCR2  E. coli BL21(DE3) harboring pET21-strep-SCR2 This work
E. coli BL21/pET-MBP-SCR2  E. coli BL21(DE3) harboring pET-MBP-SCR2 This work
Plasmids
pET21b 5.4 kb, Amp* Novagen
pET-MBP The expression vector containing gene hisg-MBP, 6.8 kb, Amp* Rutgers university
pET21-hisg-SCR2 The expression vector containing gene his¢-SCR2, and a TEV This work
cleavage site between His-tag and SCR2, 6.2 kb, Amp"
pET21-strep-SCR2 The expression vector containing gene strep-SCR2, and a TEV This work
cleavage site between Strep-tag and SCR2, 6.2 kb, Amp"
pET-MBP-SCR2 The expression vector containing gene MBP-SCR2, and a TEV This work

cleavage site between MBP-tag and SCR2, 7.6 kb, Amp"

TEV 6.5 kb, Kana" Rutgers university
Primers Sequence (5'-3") Size (bp)

MBP-F cccgetcgagetatggacaggtgaatccaccate 34

MBP-R actctcgagctatggacaagtgtaaccaccat 32

His-F atcggatccgcatcatcatcatcatcatgaaaatttatatttccagagtatgggcgaaatcgaatetta 69

His-R tgactctcgagctatggacacgtgtatccace 32

Strep-F atcggatccgtggtctcatcctcaatttgaaaaggaaaatttatatttccagagtatgggcgaaatcg 75

aatctta
Strep-R tgactctcgagctatggacacgtgtatccace 32

Note: underlined bases represent restriction enzyme site.

T AR E A E T SCR2, &1 MBP
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Bl U) BRI, K IR R AT B R BHYE S B E. coli
JMO9/pET-his-SCR2 . E. coli IM09/pET-strep-SCR2
FE. coli IM09/pET-MBP-SCR2 #4710 JF 5o 3iF
FEA I e 1A ) TR AR DR A T IR SRS
PBUTRIF54k E. coli BL21(DE3) &2 2541
M, JFK 3 FhE W AR E. coli BL21/pET-hise-
SCR2. E. coli BL21/pET-strep-SCR2 Hl E. coli
BL21/pET-MBP-SCR2 415 §: 5] IPTG 5% ik,
WCAR 20 MR 3 b 35 WA T SDS-PAGE 43 45
RIL 3 FEMAEAERBIT AP RRS, If
HAEAME B A KRE T E R (& 1B).

A B

his,

H 0.8 kDa 30.0 kDa &

N— JISCR
1.2kDa 30.0 kDa
his,

¥ 43.8 kDa 30.0 kDa ¢

1
Fig. 1

_—— 0.1

- 43 TOEm

22 EHEAMSLREEE LR

R T IR S R o 2 il 2 M 5T 1 s
4iifk SCR2 =FhEHHE I LIRS EE N,
SR E 1C . —REAE A LKA bR
% SCR2 i 4k 5 mmol/L 2-¥3 KL 2 T i i 15 A7 22
5 (£ 2). 7£ 1 min N, MBP-SCR2 ¥ HL B /1
55, L hise-SCR2 Fl strep-SCR2 (14 TG 7155
29 19.1%F1 8.7%, LLICRGHR%E SCR2 Y LU BT
TITE 2 4.9% H T AN [F] 25 bR 28 5% it ) LU TG
H—E R, I TR AR i e HA =
PR

kDa

97.2
66.4

443

== 29.0

e - 20.1

- 143

THARFRMRENELED SCR2 IME. RixF4L

Construction, expression and purification of recombinant SCR2 enzymes with different affinity tags in E. coli.

Construction scheme (A), SDS-PAGE analysis of the cell-free extracts (B) and purified recombinant SCR2 enzymes (C)

were shown.

*2 HRECREEL-EEXCHLRBFERLER

Table 2 Comparison of characteristics of carbonyl reductases towards 2-hydroxyacetophenone reduction

Specific enzyme pH (relative Temperature
Enzymes Expression systems activities enzyme (relative enzyme References
(U/pmol) activities>75%) activities>90%)

hisg-SCR2 E. coli BL21(DE3) 2 318.22+203.11 4.0-6.0 30-35°C This work
strep-SCR2 E. coli BL21(DE3) 2 539.98+228.31 4.0-7.0 30-40 °C This work
MBP-SCR2 E. coli BL21(DE3) 2 760.75+89.14 5.0-6.0 30-45 °C This work
SCR2 - 2 632.35+£106.44 4.0-6.0 30-35°C This work
hiss-YaCR II E. coli BL21(DE3) 290.45 5.0-6.0 35-55°C [25]
CMCR Candida magnolia 106.50 — - [26,51]
SSCR Saccharomyces cerevisiae 10.50 5.5-6.5 - [26-27]
Ymr226¢ Saccharomyces cerevisiae 26.84 — - [26]

Notes: reaction velocity was determined at pH 6.0, 30 °C, 5 mmol/L 2-hydroxyacetophenone and 0.5 mmol/L NADPH.
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Fig. 2 Determination of optimal reaction temperature (A) and optimal pH (B) for recombinant SCR2 enzymes with
different affinity tags. The enzyme activities of SCR2 enzymes were measured at pH 6.0 during determination of
optimal reaction temperature, while the enzyme activities of SCR2 enzymes were measured at 30 °C during

determination of optimal pH.
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Fig. 3 Determination of temperature and pH tolerance of SCR2 with different affinity tags using tag-free SCR2 as their
control. (A) The relative activities of SCR2 enzymes measured at 30 °C after incubating at different temperatures for 1 h.
Their remaining activities were measured at pH 6.0, 30 °C and 5 mmol/L 2-hydroxyacetophenone. (B) The relative activities
of SCR2 enzymes measured at 50 °C after incubating for different time. Their remaining activities were measured at pH 6.0,
50 °C and 5 mmol/L 2-hydroxyacetophenone. (C) The relative activities of SCR2 enzymes measured at 30 °C after incubating
at different pHs for 13 h. (D) Initial velocities of SCR2 enzymes after incubating at different pHs for 13 h. Their remaining
activities were measured at pH 6.0, 30 °C and 10 mmol/L 2-hydroxyacetophenone.

#3 BRELSFEEEL -BEEXCETEMHNESH
Table 3 Kinetics of carbonyl reductases towards 2-hydroxyacetophenone reduction
Fresh Stored in —80 °C for 60 d

Enzymes

ko5 K (mmol/L) " /]E;aﬁ:ll-s) ko 5) K (mmol/L) i /]En;;]f;s) References
hisg-SCR2 103.20+4.67 10.20+1.24 10.12 74.90+3.07  5.85+0.61 12.80 This work
strep-SCR2 101.30+£2.62  5.13+0.26 19.75 58.47+0.91 3.26+0.16 17.93 This work
MBP-SCR2 100.20+£7.22  5.80+1.09 17.28 84.54+3.77  3.06+0.42 27.62 This work
SCR2 101.30+4.26  8.75+0.86 11.58 67.67+1.76  3.52+0.27 19.22 This work
Polyol dehydrogenase 0.50 0.80 0.63 - - - [34]
2,3-butanediol 1.30 1.0 1.30 - - - [34]
dehydrogenase

Notes: reaction velocity was determined at pH 6.0, 30 °C and 0.5 mmol/L NADPH.
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Fig. 4 Tertiary structure comparison of SCR2 with
different affinity tags using crystal structure of SCR
(PDB ID 3CTM) as their searching model performed on
Robetta server®”. (A) Homology modeling of SCR2 with
different affinity tags. (B) All-atom root-mean-square
deviations for superposed structures from homology
modeling of SCR2 with different affinity tags calculated
by PyMOL. (C) Concept map of fusion protein of
MBP-SCR2 presented with tertiary structures of MBP
and SCR2 connected by a linker.
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Fig. 5 Sequence alignment of SCR2 enzymes with different affinity tags at its N-terminus with maltose binding
protein (MBP).
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his-SCR2 0.35 0.11 0.23 0.32 1.01 61.04
strep-SCR2 0.35 0.11 0.23 0.31 1.00 61.36
MBP-SCR2 0.35 0.11 0.23 0.31 1.00 66.01
SCR2 0.37 0.10 0.24 0.32 1.03 61.94
MBP 0.47 0.14 0.17 0.24 1.03 65.84
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Fig. 6 Analyses of melting temperatures and secondary structures of recombinant SCR2 enzymes and maltose binding
protein (MBP). (A) Composition of secondary structures of SCR enzymes and MBP analyzed by SELCON3™* with data
from circular dichroism and their relative 7T}, values. (B) Analyses of protein circular dichroism for SCR2 enzymes and
MBP. (C) Melting temperature analyses of SCR2 enzymes and MBP.

T4 SCRREVEHEBEREKTHWE - ®IEHIEMNSF

Table 4 Analysis of the circular dichroism of recombinant SCR2 enzymes at certain wavelengths

Circular dichroism (mdeg)

Wavelength (nm)

SCR2 MBP SCR2+MBP MBP-SCR2 (MBP-SCR2)-(SCR2+MBP)
a-helix
222 —11.753 9 —17.700 65 —29.454 55 —29.425 95 0.028 6
208 —11.548 9 —14.974 95 —26.523 85 —24.789 95 1.733 9
193 25.289 85 28.250 325 53.540 175 53.744 5 0.204 325
B-sheet
218 -12.362 3 —15.688 925 —28.051 225 —28.357 2 —0.305 975
195 23.953 95 30.339 05 54.293 54.174 95 —0.118 05
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58 Th A A A /N AR AR 2 1Y B 4H 2R
1 SCR2 FIJCAE G FR%s 1) SCR2 FY pH A 1 A %
B/No AE 24 pH HAL (pH 4.0-6.0) HITE RN 7E
AT, 3ok S 20 2 1 B AR N IS D B T 75%.
M % Bg BB ECEEE Yarrowia lipolytica FIFRIF 7 H)
Saccharomyces cerevisiae I B3k I 18 [ B AE
1A~ pH AL E BB N AS AR, HOME X i )
T 75% 27 DR, AR B 5 R 14 21 2R 11 SCR2
1) pH T 52y AR X B o Ah, ASBiE 5 v 4l
) SCR2 fiEfbid J5i 2-F2 JE 08 1 (W B 1% 77, 2
H i T $i 18 % At >f Y5 1) e k340 T g 4 i i R
[ BE Yarrowia lipolytica™ | K %R 24 [ B}
Candida magnolia®® VIR B EF Saccharomyces
cerevisiae® ] 10-100 1% (% 2). #—LHYHEHE
B F12 AT UER, SCR2 Ak 2-F2 3K 2, T A il
TS AL E R 1013 s, S HATAHRGE

7/
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M AL 8L, W ZouE AR 2,3-T —
W i S C 43 5 29 200 £ R0 100 £ (32 3).
A BT 4B A9 SCR2 HA %5 = A 52 (B

AT E A A AN F SR RIAR A 3 FhE
4 EE 1 SCR2, 7E KM B LBl I %3k, 4lifk
IR IR ELEE A . BT R, R e s
%6} F 41 2 1 SCR2 B il 2 1k Jot A — 22 A 52 .
Horp, B4 MBP-SCR2 HAT &4k & fit ik
2-FRFEIR WA S, HAT R Y pH MM | A
a1z W) SN T Y L A S 3 iR AR e M 1%
WSS BRI S il R T TR T — b 2- 8K
Z i FE E B A4 MBP-SCR2, [RIIHIER] 1
i I3 T 1) Ty BE R AR — o FREE AT DL 2t
EABREE VAT . L, TEARBIE IR L,
Je £ 0] LATE 3o BU A5 VR 285 Xt 22 0 i 1) 2 38 i
AP A2, DT 45 3 bR 285 il 110 22 15 Al
PEAR T o SR (R, RIS S A 2 A il
B S FIAR 2 PR 1R
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