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pET-DsbA/PPFE-I, ¥ #44LE E. coli BL21(DE3), # IPTG % F 587 #%& % @ DsbA-PPFE-1 89 &k ik, &k =4k
7E Mk 228 TU/mL. &3k 4 A SDS-PAGE #= Western blotting # 47 % & . SDS-PAGE .kt & k& & & L2007
BEHXEL, ERAREEZEGH 18.4%. Western blotting éi%ﬁﬂﬂﬁ#ﬂﬁéy\%%%ﬁ*k%%'ikw, ERIEEE A
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Fusion expression of fibrinolytic enzyme gene PPFE-I from
endophytic Paenibacillus polymyxa in Escherichia coli
and activity analysis

Fengxia Lii, Zhaoxin Lu, Xiaomei Bie, Qian Lin, Chong Zhang, Lin Cao, Yao Guo,
and Yanchong Tang

Laboratory of Enzyme Engineering, College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China

Abstract: With the genomic DNA of strain EJS-3 as the template, we amplified the gene of fibrinolytic enzyme from
Paenibacillus polymyxa (PPFE-I) by PCR. We purified the PCR product and ligated it into pMD19-T. After DNA sequencing,
we cloned the PPFE-I gene into expression vector pET-DsbA and transformed it into Escherichia coli BL21(DE3). Upon
induction of IPTG, we found that the activity of recombinant fibrinolytic enzyme fused with DsbA expressed in Escherichia
coli was 228 IU/mL. SDS-PAGE analysis showed that the recombinant enzyme was soluble and accounted for about 18.4% of
total cell protein. Western blotting demonstrated that the recombinant protein was DsbA-PPFE-I. We purified the recombinant
enzyme by Ni affinity chromatography, thrombin digestion and sephadex G-100 gel-filtration, and identified the molecular
weight of purified product to be 66.3 kDa with MALDI-TOF mass spectrometry. The purified enzyme exhibited distinct
fibrinolytic activity on fibrin plate.
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AWFFERH] PCR 5 va e T N A T 2 K28 20 i
FF 1 £F ¥ lif PPFE-1, #4# T pET-DsbA/PPFE-I fli &
FE IR, ¥ HH AL Escherichia coli BL21 (DE3) J&
PAF RS, S TR R A TR
ik, JEXRIR AT Ay B ALY, A TR T
FREEORAEJFAL R G R AR IR L i Bl it 13 .
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TR B IR, 2588 R ZRGSEZF MIAFTE Paenibacillus
polymyxa; E. coli TOPIOF'/& E. coli BL21(DE3)
plysS HWARELRAE . FRiBFAK pET-DsbA K ERII T #)

EFHEYE AT RN F o
1.1.2 T ABEAE 7

PRGN VIR BamH 1. Bcu 1. T4 DNA % H: il
I [ Fermentas 2\ Fl; EifE DNA R4 Pfu. i
PR 2H B T & L R R IBGRUR)  e ImlAT) &
PCR 7=y M1 WCiA 50 & 1 I L7 Sangon 23 F] ; Western
blotting tb2: & W R4 N Amersham /A B ;=i ; HRP
Frid B9 F $t B IgG — $i W B Santa CruZ
Biotechnology /A F]; PVDF (polyvinylidene fluoride)
X . Sephadex G-100 > Amersham Biosciences j= i1 ;
Ni-NTA ) H QIAGEN (£ [&) ., H ik ¥ N
Ameresco A B 77 i o
1.2 A&
1.2.1  H IR 5 R A b B 791

5 GenBank: D00861.1 J¥%1, FJH Primer
Premier 5.0 ¥ fFi&it5I4. P1: 5-CGCGGATCC
ATGATTAAAGTATGGTTTTC-3' (F ¥l £ 3 7%
BamH 1 YA )5 P2: 5'-CGGACTAGTTTAGCC
TACAGCGTCAAAAG-3' (FRIZkHR M Beu 1 R
YIfi ) PCR FEFF: 94°CHIZEME 5 min; 94°C 1 min,
60°C 1 min, 72°C 2 min; 30 G ; 72°C 4k fif
10 min, PCR ¥& I zifb)n, 5 vk
pMDI19-T #4%, #H s fE#K pMD-PPFE-1, FHME:
SUREZHE B TARNNY o PR Bk 2 Fh B
N U L) E 40 ki pMD19-PPFE-1 J. pET-DsbA
FIKFARIFLL T4 DNA EHEM SR, ik E. coli
TOPI1OF" FEZAS40M, 78 LB VAR BR 7R, PRICR
ANWETE, NEARIEUTORL, BEY) B P S E
1.2.2 G E FIHIE-FH AT AT

4 20 F 3K FRE pET-DsbA/PPFE-T 1% B8 ik
pET-DsbA # 4L KA BL21 (DE3)pLysS, 4374k
ik, A 20 mL HRE T HEHE (120 pug/mL)
FIHZEBE (0.2%) ) LB 35333, 30°C . 80 r/min #E
GG . UL 2.5%EMEEA 100 mL F2 N E
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F & (120 pg/mL) FIFGHHE (0.2%) I LB SR,
35°C. 180 r/min #E P HEFE 2~3 h & ODgoo N 0.6 i,
A IPTG B 100 ug/mL, T 30°C . 180 r/min
W RaE, AR HURE o 20 WOAR 45 TR 1A 20 P O
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M
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¥ 10 mL L¥EW EFEF 2 mL %) Ni-NTA & Al
Fe o EHTAETSE 2R fZE M (50 mmol/L PBS,
0.3 mol/L NaCl, 5 mmol/L BfWE, pH 7.4) “F4 10
AR, EAESEEE N 1 mL/min, FREJS T 10 M
PRBUR A ZE Mg e 2R A 20, I 5 A5
LSS 30 mmol/L WK M 1Y 2% 52 i ik Pk I 2%
Fo VEEKERDAE MG, H 3~4 A AR B BE il
Fitf 2% v (150 mmol/L NaCl, 20 mmol/L Tris,
2.5 mmol/L CaCl,, pH 7.9) F#H:T, filA 2 mL
2% M, BN 50~60 U BRI, 22 CHEY)
8 h )5, Y 10 mL % Ifil 58 2% vh 80K g V) 7= 4 b
T, WRSERG R, AR O AROA D R . T
PE#E S SDS-PAGE HLUKAGIN , JF 04T 88 & =1
M 7E

Y15 it B 3R 2203 Sephadex G-100 #Ei i
e JErE—4ifk, 4 0.1 mol/L PBS (pH 7.4) Z&
WYERL, WK 0.5 mL/min, W HpK, S3HA
FE2lifh, —70CHRAT .
1.2.4 27505 M E

2 2T T ) 21 V5 05 T S D 2 R SR 9]
1.2.5  #&F10EHENE

% JH Bradford ¥, LI 3% A& T (BSA) N
FRUERE
1.2.6 SDS-PAGE HJk#50

Z M Laemmli UK G (=T, 0B e
WREN 10% , WATHEHREE N 5% . MIKEHEE, W
B, B A B
1.2.7  #Z# F1HJ Western blotting 7Hr

FE A4k 4 SDS-PAGE LK/ E 5, fHiH
kT4 SDS-PAGE i H il & 4 4% 2 PVDF i
1,5 g/L AR W Ry & i B P4 1 h, il A—$iHT PPFE-I
P , 4 CHFE L8 PBST BRI 5 ¥k, 447K 10 min,
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FHAIIA HRP #Rid i FPi/M R IgG, 37CIRE 1 h,
PBST ¥El% 3 W5, ECLAk¥:Rem A, EH .
1.2.8 MALDI-TOF-MS #3/1

4 Kussmann fY 5 B U0} 8 20 f 4l 5 k47
MALDI-TOF (Time-of-Flight) J&i% 4 #r. *& &
200 ng/uL, ¥Ef#T 0.1% TFA, HU 10 uL S FIE
f# i 70% ACN/30% 0.1TFA [N TRRZAFIRA -
FH Rt BE R R A L S E A

2 HR

21 HREEMREREHARIESAMEE

DL A Z2RE2E2E MUAT B EST-3 &5 DNA At ,
P1 F1 P2 514, #47 PCR i, P 34452 1 770 bp
) DNA F B, SHUE AT, PCR 4§73 7 Boiy
FEATE F AT R, TS IXE 1 770 bp,
Al 4fi% 590 PEIERR, %ISR E W 0T
M 63 414.58 Da; i it 5 H A ZF 15 e 1Y 2 5L T 51 L
X 1), BRIMANEAS R IER)T S Bacillus
pseudomycoides #F % if (GenBank Accession No.
ACK38255) W RS K AR air, MPITEILFE] 65% L)
b o R b ) FE 4 F 3k TR pET-DsbA/PPFE-I, 4
BamH 1N Beu 1Y) 5 , 1 % B BB EE IS B, DA T
R 2 55 DNA 457, — 25 5 0kl pET-DsbA #f
ST REMA, 494 3 600bp, H—4%15 PCR ™
YRRy B —2, 2494 1 770 bp, IEWIHEAHR
IKJFUkL pET-DsbA/PPFE-1 C A2, H DNA il
JPE5 R 2 TR
22 EHHEAWMESRERABUED T

¥ T 40 B ki pET-DsbA/PPFE-1 Fil 25 Jfi ki
pET-DsbA 4354k E. coli BL21(DE3) )&, JH IPTG
AT RIS, AR RO 4T SDS-PAGE 4317 -
Z PTG ESE, KRigRBEH /T LN 88 kDa (1)
BT, I ELBE 5 S s fa] i g 4 3R 3k & 19 n (&
2)o X 5 10 A FlA 2 OR/IMHTE], MY T 24.7 kDa
A% DsbA 1 63.4 kDa By PPFE-I Zfll, % Bandscan
B Rs, REMEBMWEASEELEAD
18.4% , Ti%f B pET-DsbA H %A H X 541 . [
B, %R IB AL R 2R 0 B, I iivE
kA LR IA X (B 3), XUHZRBSEAE
BRI I AP
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99 ABMO97611 nattokinase B. subtilis
—W)'icmww subtilisin B. amyloliquefaciens
AAA87324 subtilisin B. subtilis
T ZP03234179 extracellular metalloprotease B. cereus

488‘—? ACK38255 fibrinolytic enzyme B. pseudomycoides
99 @ PPFE-I

YPO086726 serine protease B. cereus

59 ZP01132256 cold-active allcaline serine protease P. tunicata

. .

0.2

1 Paenibacillus polymyxa EJS-3 £ A s & & FF 5| #9i# 1L

Fig. 1 Phylogenetic tree of PPFE-I gene.

2 EYBHE E. coli BL21(DE3)/pET-DsbA-PPFE-I iS5

FIEF=YIH) SDS-PAGE 53 #f7

Fig. 2 SDS-PAGE analysis of expression products of E. coli
BL21/pET-DsbA-PPFE-I. M: protein molecular weight marker;
1: E. coli BL21/pET-DsbA; 2: uninduced E. coli BL21/pET-
DsbA-PPFE-I; 3-6: E. coli BL21/pET-DsbA-PPFE-I induced
by IPTG for 0.5, 1, 1.5 and 2 h, respectively.

kDa M 1 2

94.4 — P
66.2 —

45.0 —

33.8 —
27.0 —

18.8

14.4 —

3 E. coli BL21(DE3)/pET-DsbA-PPFE-1 RiEF=H /Y
DRk

Fig. 3 Solubility analysis of E. coli BL21(DE3)/pET-DsbA-
PPFE-1 expression products. M: protein molecular weight
marker; 1: deposit after sonication and centrifugation of E. coli
BL21(DE3)/pET-DsbA-PPFE-I; 2: supernatant after sonication
and centrifugation of E. coli BL21(DE3)/pET-DsbA-PPFE-1.

FH£F 4 25 17 B 2 3R 38 77 W) £F IR
PPFE-1H 41 16 1Y & ¥ IS WAL 48 AP A A W)
Eﬁﬁiﬁfﬁmﬁ%%, VLB R HAT AR e, T

2SR E A T O B, L LV ROTC I B K i R (R
4y, PRI E LSRR, PPFE-1 B4 W KB L
228 IU/mL.

R EARTY AT o

El4 AHEEATFHRENESFEGE
Fig. 4
supernatant after sonication and centrifugation of E. coli
BL21(DE3)/pET-DsbA; 3—8: supernatant after sonication and
BL21(DE3)/pET-DsbA-PPFE-1,

Fibrinolytic activity assay on fibrin plate. 1, 2:

centrifugation of E. coli
respectively.

23 TIEFHMGLFILE

% |- ¥k SDS-PAGE 43 #7 , % W] pET-DsbA/PPFE-I
YL TR E K AT 3 R A LASE BRI Rk . BYE R
#EFT Ni-NTA FEAELL R, 2ifh)s mm & & A
4T SDS-PAGE Ji % E) PVGF i, H$T PPFE-I #i
REFT Western blotting %5 . 45 R UK 5 s, 78
88 kDa AbA — 45 Rp S 4l R/ 5 1000 Y i 5
EHE—3H, i E. coli BL21(DE3)/pET-DsbA 4
0 A VR T A B AT S5, RIIC &R
THMEH,
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1 2 3 kDa

94.4
66.6

45.0

33.8

27.0

18.8
14.4

5 DsbA-PPFE-I Western blotting %
Fig. 5 Analysis of DsbA-PPFE-I Western blotting. 1, 2:
purified fusion protein; 3: pET-DsbA.

IR Z Ni-NTA SERIFESEAGET, 8
AR 30 mmol/L BRI Binding Buffer P,
Al 3 PR E G, AlG 2 PR B AT b 28 1
fEY) 8 h 5, WUERRGW, HIZF4EEE P Aokl e =
BN, JFH] SDS-PAGE HLIKK (15 6).

1 2 kDa
—— e 944
- — 450
- 58
e W — 270
- s

-

Bl 6 %EMBEsESY]/FAIRIAH) SDS-PAGE S 47
Fig. 6
thrombin restriction. 1: recombinant enzyme with thrombin
digestion; 2: protein molecular weight marker.

SDS-PAGE analysis of expression products by

HIE 6 ATLLE B, mlG 8 A 28 i i RE v )5
R T 63 kDa /N EE 2 il , 3 A HAB Y 22 88 L AETE
7 28 Sephadex G-100 &EE L U8 )2 it — 2P alifl, U
B H I, 1530 3% 1 2 051 IU/mg T ZHEE (&
7), F MALDI-TOF J5i i % 2 4l i . Jot % % 22 an &1
8 i/, L AL b 7R B[] o7 2R WA ST B AR N 3 o
63 334, 5T B ARXT 73 F BT i 63 414 HEA—F(,
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7 EEPEHIE AR E
Fig. 7
products on fibrin plate.

Fibrinolytic activity assay of purified expression

63 334.257

3000
p=y
2 I
k= 2000 +
= I
=
=
o
~

1000

r 92 059.751 126 646.211

O & O & S & O &
QQQ QQQ Q $ QQ QQQ QQQ QQQ QQQ QQQ QQQ
A NN N N N

Mass-to-charge ratio (m/z)

8 =4HEFHI MALDI-TOF [Ri%[E
Fig. 8 MALDI-TOF mass spectrum of the recombinant
fibrinolytic enzyme.

3 W%

A M Nakamura Z5£1F 1992 A IR sw s T 90 5
RN B e S D5 7| I L L VS B Y M
R = 1 B 1 b B o T RE . R N TSE
TTTRR 2R X 2 Tl DAL TN 9 L0800 (NK) . 5L B R il
PR IBHATIRER o AHFFER A PCR 7 ik mif T
WA Z R ZF MO IR 2T IR DY, oA R 2 i B
BP9 AN E 4GB I 90 TN . B R [
M) 2 Wy S AR R 30% , 5 Bacillus
pseudomycoides (Genbank Accession No. ACK38255)
EFVR AR IR 5 65% , T LA PN A 20 K 28 J AT
LT T RE R — R B R LT il . A5 g e 110
P 47 4 it 1) £ Vs Tl 5 8 0 4R 0 %) 28 LT TR 47 4 il
AR o 22 S ) o ik — 2B
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HHx 2F g R R Rk it s i 2, FZ LA
R R RIS R G F, TP as R AR A
], AT LF IR I R 5 1 P 2 A 16 1k
ARWFFE R PCR ik Sk T N 2L TR 224 28 28 MU 1
LFYAEEHREN , ME T pET-DsbA K%K, R T7
JashF Al DsbA PG FRiL, ¥ pET-DsbA/
PPFE-1 fill s #iK BARFE L E. coli BL21(DE3) J53k
HAAEERS, REAWAGED S EELEDD
18.4% , £F4e8E LI E Won 4R i, 21 W RS
PELCET AR TR 2 A5 2540, 3K 228 TU/mL, 3Kk A
W S5k | Zhang!" RS 19 235 KA
AW, RAF SRR Y L] A A RO Uk,
HEALFENME, (ARG EAFRERMK, 7TRETE
TR sh TR R E B R . BRI EE DB, Ky
TR . mRNA A3 P55 Ty T AEAE )
AN, ARG HR P polymyxa EIS-3 LB R R
WAL TAEAE 6 DNFRA BT, RS X% LA
£ E. coli HIFIK K77 A — 2 HIFE A

SREREN (IMAC) J& i 4F 2k & Bk ok 1y
BT A, WiFE C I N IR S )y
B EHAEA TR R, AR E T
pET-DsbA/PPFE-1 W4 £k ik, XL N
il T His-Tag 2iifbdn%s , HOATFH Ni-NTA JE Al
Mok ftai ik M a S, FEZEIEE DsbA
G X 31 ) IEAT — B G RE DI A5, PRl
B EEEARAE RS E A E, RS EH W
E 1 F DsbA fit{& , 4 Sephedax G-100 #E—A4lifk
3 AR SRR T L e I I DD A B 4y O 2 A R
TR AT T alifh, BRAERIBR S AT, ¥
4l 5 A T B 2 BRTE Ni-NTA S5 FRE E— 358,
KRG T Elifb 658, Sy d L iRm0 A = e it T
Wi

Bift: MALDI-TOF-MS 5 #74 R #2 £ 7 EAKF
POREE LT EREMGFE T TR, ERET
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