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Abstract: [Objective] To explore the expression, substrate degradation and thermal stability of
Humicola insolens cutinase-OMP25 fusion protein (HiC-OMP25) in different Escherichia coli strains
as well as the host cell membrane permeability and cell surface hydrophobicity, so as to reveal the
differences in the expression of HiC-OMP25 by different host bacteria and further increase the
expression of HIC-OMP25 in E. coli. [Methods] HiC-OMP25 was expressed in E. col/i BL21(DE3) and
E. coli C4A3(DE3), separately, and their degradation effect on 4-nitrophenol butyrate (pNPB) and
polyethyl acrylate (PEA) and stability at 50°C were determined. In addition, the changes in the cell
membrane permeability and cell surface hydrophobicity of host bacteria were detected in HIC-OMP25
expression, and the expression of HiC-OMP25 in E. coli C43(DE3) was explored by co-expressing
chaperone proteins. [Results] HIC-OMP25 was expressed in E. coli BL21(DE3) and E. coli C43(DE3)
and pNPB was degraded. However, the degradation effect of the former on PEA and its stability at
50 °C were both lower than those of the latter. Additionally, HiC-OMP25 significantly enhanced the
cell membrane permeability and cell surface hydrophobicity of E. coli BL21(DE3). Co-expression of
HIC-OMP25 with sulthydryl oxidase (Ervlp) and disulfide isomerase (DsbC) in E. coli C43(DE3)
finally increased the expression level of HIC-OMP25 by 2.14 times, well degraded pNPB and PEA.
[Conclusion] When heterologously expressed, HIC-OMP25 folded correctly in E. coli C43(DE3), but
not in E. coli BL21(DE3). Co-expression of chaperone proteins improved the expression of
HiC-OMP25 in E. coli C43(DE3), which laid a foundation for the industrial production and application
of HiC-OMP?25 in the future.

Keywords: Humicola insolens cutinase-OMP25 fusion protein (HiC-OMP25); Escherichia coli
BL21(DE3); Escherichia coli C43(DE3); cell membrane permeability; cell surface hydrophobicity;
chaperone protein
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DR
1.2 MREEE

FEEERT . AR E Oxoid AFl; A%
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¥l [ R 255 A IE IR AR T B R A W T T
EAUERA BRI T ARl WA e e T
Shimadzu 2\ ] .
1.3 EFE
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PET-20b(+)-hic-omp25 43 % A E. coli BL21(DE3)
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— EEHORHLEE . 30 pL IEWE 0.5 cm £33
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61801 (U), BRE 12 1 T3

. k—b)xV,
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ODgoo BUE., 10K OD sy TERYN M ] 57 7K P
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A B 2 TRT R KPR ARk, K T TR WO o e
KQ)HATIHE

ﬁ%ﬁ%ﬁ[ﬁﬁ%=mxloo% ®)

ODXJ'HQ
1.8 AR PEA RIPERE

14 PEA VEARAENTRAT, FCHilAR 1% PEA
WIS o # 9 mL F Tris-HC1 22 (50 mmol/L,
pH 8.0)F Bt A M AT 1 mL PEA ¥#WINA
s BEFI T, A 50 °C. 150 r/min 7K IAHE
PR 6 h, FIFH A6 T 4 600 nm
Ab 20 AR FR R
1.9 FiEM«

FI PGS A pET-20b(+)-hic-omp25 4335
pET-24a(+)-dsbc. pCDFDuet-1-ervip-dsbc 4%
A E. coli C43(DE3)H, 43 5l¥ 514 T LB
RSEM E(F 50 pg/mL Amp % 15 pg/mL Kana,
50 pg/mL Amp % 25 pg/mL Sm), Bl f5 Pk ik A
AL Pl T R4 RIS
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2.1 HiC-OMP25 £ KT EFRIFRIE

HiC & HiC-OMP25 3£ [F 3 [ T 5256 25 Jij i
S, ¥ pET-20b(+). pET-20b(+)-hic. pET-
20b(+)-hic-omp25 535 A E. coli BL21(DE3)/
E. coli C43(DE3)*, AL FMr 4~ Bl .
B2. B3/Cl, C2. C3,

43 )0 A 45 T RR AN [R] 75 = 15 TE) A P B A
pNPB 1 B FEE - 2615 pET-20b(+)J5kr 1Y B Ak
BTG pNPB i B GG, AR RBE LA 1
Jiiw, BTG Y Bl A K B (R] (0 SR . &
M 36 hif, B2, B3, C2. C3 JAMIE 55 K
443.23, 207.89, 31.75. 43.13 U/mL; Jd NG
J3M 253.03, 62.32, 61.12, 39.28 U/mL, fEK
J kT B e ik i, HiC B S 5 T HiC-OMP25,
HiC-OMP25 (iGN 1 450 U/mg, & T HiC
1 048 U/mg M HLIEY!, I 52 HiC 5 OMP25 @&
BEAI T HAE KRG TR g 3Rk .

PEA EIREWIN FE M 2 —, NETF K,
INAK AR 2R BT PEA A1 H T S B0 R

800 [ 1ntracellular enzyme activity

700 HC__J Extracellular enzyme activity B2
2 600
:3; 500 B2
E %
Z 400
S
L 300 B3
g B2
=
£ 200 iy A

100 |- B3 €2l |c3

C2 C3 = =
0
12 24 36

t/h

1 HiC. HiC-OMP25 7EA[E] KA+ E F HVEESE
Figure 1 Enzyme activity of HiC and HiC-OMP25
in different E. coli. Data represent the means of
three biological replicates, and error bars represent the
standard deviation.
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M PR PEA (ERSERE MR IS , SRKPEIG 5R
AR N 3 R O B TS N 9 O 3 4 R T
HH ) Jo o L R AR M. A3l E B3
C3 JIAMifL Py HiC-OMP25 % PEA FY R MR R0CR
iE 2 froR, B3 HfIA HIC-OMP25 %t PEA [
RO EEE ZS I B, MY HiC-OMP25 [
PEA JG MIXTREE R 50% 4547, 1 C3 Mush i
N HiC-OMP25 X} [%fif PEA IR —5L, AHXT
MR R 23% 25 A o

IR EE KW, 7E E. coli C43(DE3)H 3k
iEHY HiC-OMP25 Xif 2 R84 — & MR fE AL
R, {H7E E. coli BL21(DE3)*h %351 HiC-OMP25
ALKV FIEY) pNPB A [ VEF, XF PEA &
AR . JREHEN pNPB Ak B /N
EY, BEa A TER T, kA HIC i
B T A7 5 H PEA AW ARETEREY),
HHEADRAS 5 R ERE R . BRI
A —E B, R BK AR S
WE R, LR 2 B g A KU B coli

—=— Buffer

—e— Extracellular supernatant of B3
—a— [ntracellular supernatant of B3
—v— Extracellular supernatant of C3
—o— Intracellular supernatant of C3

100

80

60

40

Relative turbidity/%

20

t/h

El 2 PEA fAxHMEETL

Figure 2 The change of relative turbidity of PEA.
Data represent the means of three biological
replicates, and error bars represent the standard
deviation.
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BL21(DE3)H1 1A HIC-OMP25 A REFEf# PEA,
JC DR HE N AT BE R T HiIC-OMP25 R 5E 4 1E#)
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PIBFFEZ5 R SRATAL, XS e-R-3-FFHET
T2 ik £ 58 it 110 IS W0 45 S A 7 8 A A, 453
T 3 MRAFK—1L441H., Y443H Fl S445C,
RAFR) — R EER RN K EVEIRY) pNPB YR
fiff i M 5 A BT[], (B AR ISY) PHB
PR RO BN R B B B 22 57 0 25 BTk,
AHWFFEAE E. coli BL21(DE3)# 15 HiC-OMP25
K i °] B R 52 4 P S B A TG AS R 1L
PEA, MMM T HXF PEA IZ5ERES .

Ak, FATHE—20E T A RE 33k
K ) HiIC-OMP25 fy#vga e M, 45 1 an &l 3 firi o
1E 50 °C & 12 h J5, E. coli C43(DE3)H ik
i) HiC-OMP25 3% Bl i& 0 116% (ff i B A7 7E
MWL), SRRBE D REMN
HiC-OMP25 HA MU EHED, B E. coli
BL21(DE3) % ik i) HiC-OMP25 %% B4 il 7% 1 Ky
36%, %X FEH] HiC-OMP25 7EAATE T i 3 H AN
R FEaEYE. R, AHEHGES R Fusarium
oxysporum ARG £ 3Rk 5 G E v
W HA —E 2 5 Nikolaivits 2" Y% F. oxysporum
£ R ILE E. coli BL21(DE3)# E. coli Origami 2
(DE3)H3Kik, %430 °C 4bFH 3 h, HFRE IS
G300 30%5 80%. HH T PEA R fif 5256 Y S
HEESN 50 °C, I, AR 15 41k HiC-OMP25
IR E M 25 St 1T BB 2 R B0 PEA [ 2= 5
AR 22—
2.2 RI& HiC-OMP25 ¥t B 14 40 Bt i 8% 14
A

P8 7R, OMP25 S22k A KT S MR &
[ (outer membrane protein, OMP)H—E B A EX,
S 24 NEIERR, UFE 4 DR ATEIERR . 14
IEHL T R . 9 AN BiKPEZ LR, C o, N b

120
100
X
=
S L
S 50 —=— Extracellular supernatant of B3
‘3 —e— Extracellular supernatant of C3
z 60F
=
[0}
~

40

20

0 20 40 60 80 100
t/h

3 HiC-OMP25 50 °C ;REREM

Figure 3 Temperature stability of HIC-OMP25 at
50 °C. Data represent the means of three biological
replicates, and error bars represent the standard
deviation.
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Z oAb L 3 3 5 HiIC-OMP25 %o B 4 1) 40 i Jis
B — RS E. coli BL21(DE3)RAESES:
#7& HiC-OMP25 By J5i[H .

B-F FLWE T M2 B ARAATE T 40 M A iy K
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255 HE AU PR | 52N A R RO 25 A AR
ko PR, AT A I 7 I HiC-OMP25 X 14
FA 240 it B3R 3 PR B s . AN Bl 4 T, XA B2
B3 11 Aupo (EIREE T, 3R 20 i F5 3 85 P 1
hn, T B1. C1, C2. C3 A4 IR F IR 2k
A5, B3 1 Auo fH FFHRTF B2, W] HIC-OMP25
S8 iR 1 A JEE G PR B /R 5 T HIC . 454G PEA &
RS AL, FATTHEN R T OMP25 5 4 g fid ™
AAREAE T, A RE T HiC X4 B 25 4
BESRTL T E. coli BL21(DE3 )2 s 5 38 37 14
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Figure 4 Cell membrane permeability of E. coli
carrying different plasmids. Data represent the
means of three biological replicates, and error bars
represent the standard deviation.

FE HiC-OMP25 K58 a4 &M W 2 Msh, A
M FEAR 7 HXF PEA BYFEAESCR . T H T E. coli
C43(DE3)FEAR T AN EE 1 Ay R IR TR B, I X
FEAU R GKE AR A —EbitE, i
C3 #3511 HIC-OMP25 REMSTETE £ 40 N 58 4
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2.3 FiX HiC-OMP25 X E KRR E R
Qs 0p=A

o i HAA R e K, HS RS &
SRR AR R B K, AT AR BATH
(bacterial adhesion to hydrocarbons) /5 72! 246 il
A R R TR g KR AR 4, SR iiE OMP25 54
LS AR AR RS IE TSk S KR B, 24
SR A, P BB K 0 TR AR B AE IR
FN e H R VR O T R . TG IEL AT IS 22
E AT R Bk A L, 2B, 0T i 4 i
FWS KRG, E S Bk, Bl AYIREHE
(2.27%)E T C1 (0.48%), iEBH E. coli BL21(DE3)
ALK 20 JfL 3% T B K P v T E. coli CA3(DE3).
B2 [ fi#6(13.90%) = F Bl (2.27%), TEBHZIA
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Figure 5 Hydrophobicity of strains. Data represent
the means of three biological replicates, and error
bars represent the standard deviation.
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H T HiC-OMP25 7E E. coli BL21(DE3)H /=
ARG R R REIER TS, FTLAARE & 4L
WF5T . 5256 2 W HiC-OMP25 7£ E. coli C43(DE3)
HhRIAARE , (B R DA 2 Tl
oK I HIC S5ty B 2 68 i, i A
AR A E AR S A B0 RR e M, ok
3 32 38 6 5 A4 i (DsbC) M %t Ak 4 AL i
(Ervip)*t E. coli C43(DE3)"H %1k HiC-OMP25 i
friift. DsbC Je—Fh bk i, REASHEsRE
P13 L0 o % R o X Rk st i SR Ak
Ervip AT LA H4F 4 DL FAD R =0 AL
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ThR A —aAk ), Fil DsbC 7E E. coli 1Y
YA DU B AT & B e R, 1
I F KRR B pET-20b(+)-hic-omp25 5
pET-24a(+)-dsbc 5% A\ E. coli CA3(DE3)H, &%
I 36 h B HORE I o P oA B AP TS A2 AL . iRl 6
fii7n, 5 DsbC $E3 kR, HiC-OMP25 (14t
TR, HRANRBEEERST 2.18 fi%,
FiJ5, # Ervlp. DsbC. HiC-OMP25 ¥£ E. coli
C43(DE3)hififrdLaRik, FE KRR 36 h B,
H HiC-OMP25 FZAERLEMAN, MISMEGTE LE
HiC-OMP25 Hl FE RN H2 5 T 2.14 £ i 3
FEIRH A MM M AM HIC-OMP25 Xf PEA HYF%
fi#%, 6 h JEAHXT MBI 23% 54, BRI IA
FRR W 1 HiIC-OMP25 MIEH & &M, &
MFEER. ik, 53R DsbC 5 Ervlp
5 HiC-OMP25 1E E. coli C43(DE3)H 3 A mf 1
3 T M4 HIC-OMP25 1k,

7 Intracellular enzyme activity
[ Extracellular enzyme activity

100 e

)
S
T
'—\D—-l

(=)
(e}
T

B
N

[\
S
T

Relative enzymatic activities

S

B 6 HiC-OMP25 5FE#aEBELFRILHE
Xt g i

Figure 6 Relative enzymatic activities of HiC-OMP25
co-expressed with different chaperones. Data
represent the means of three biological replicates,
and error bars represent the standard deviation.
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