15 1 Vol. 15 No. 1

1999 1 Chinese Journal of Biotechnology January 1999
*
100871
pCANTAB 5G8-Hir MI13  gp3 197~406
ap8 M13KO7
939.48 A 1000-3061 1999 01-0035-40
M13 op8 gp3 C N
gr8  gp3 N
=4 gp3 SGGG - SGGGG
N
gp3 gp3
gp3
10%
gp3 56
7
89
pCANTAB 5V 2p8
gp3 197406 gp8
M13
* 39580016
1997-02-17 1998-07-15

© FERFERMEMARAATIKSHIEST http://journals. im. ac. en



36 15

1
1.1
1.1.1 OmpA A3 A3-Hir
pCANTABS  Pharmacia M13KO7
TGl
1.1.2 T4 DNA Promega
Chromzym TH Boehringer Mannheim Taq pluslI
1.2
1.2.1 pCANTAB 5G8-Hir pCANTAB 5
HindIIl BamHI A3
0 Xbal BamHI Xbal
OmpA pCANTAB 5V Xbal BamHI
pCANTAB 5V Xbal BamHI M13mpl8 5 GCTC-
TAGATAATGGAAACTTCCTCAT 3’ AGCGAAGCTTAGCATCGGAACGAGGGT
PCR ap8 3 HindlIll 5
Xbal A3-Hir 5 TGCTAAGCTTCGCTATTACTTACACTGAT
TGT 3 CGCGGATCCGAGCCACCACCTTGTAAATATTCTTCTGG  PCR
5 HindIIl 3 GGGS BamHI
pCANTAB 5G8-Hir gp8
gp3 197~406 1 Xbal BamHI PCR
1.2.2 -gp3 197~406 TG1
ImL 10 000t min 2min 100pLL
1mg mL 20% Immol L EDTA pHS8.0 30mmol L Tris-Cl pHS.0
10min  10000r min Smin
11
37C 30min 5V cm
1.2.3 TG1
M13KO7 9 2 PEG 10" cfu mL
10" ¢cfu
1.2.4 -gp3 197~406
pCANTAB 5V pCANTAB 5G8-Hir
10%¢fu mL Ayos
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OmpA signal

gp8 signal
sequence
gp8 Hirudin
M13mp18
Ap”
PCR of gp8 signal PCR of Hirudin digestion with
sequence Xba | +BamH 1
Xba 1 Hind Il Hind I BamH 1 Xba 1
R Y BamH
h = Plac
\ Xba T gp8 signal

Plac sequence

Hind I pCANTAB 5V

Hirudin
Linker
‘ BamH 1 / Ap'

g03 (197-406)

ColE1 ori

pCANTAB 5GB-Hir
4.1 kb

EcwR1

3 ort

1 pCANTAB 5G8-Hir
Fig.1 Construction of phagemid pPCANTAB 5G8-Hir

2
2.1
pCANTAB 5
gp8
1
HindIIl
gp3 1~196
197~406 197 BamHI
2
2.2 pCANTAB 5G8-Hir
2.2.1 PCR gp8 3

93bp 229bp  308bp
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Star\ty of gp8 signal peptide
Xbal Met Lys
5.. AAGCTCTGAGTAATGGAAACTTCCTC ATG AAA...
es\li/d.ue 65 of Hirudin Iiesidue 197 of gp3
LeuGln Gly Gly Gly Ser AspPro Phe
5.. T TTA CAA GGT GGT GGC TCG|GAT CCA TTC...

~

.

BamH I
Lac SP. of gp§| Hirudin 1-65 | GGGS | gp3(197-406)
Hind TN 5..G TCT TAA TAA GAATTC...
5..G CTAJAGC TTC GCT ATT ACT TAC... Ser STOP EcoR1
Leu Ser Phe }/\bla /Pe Thr Tyr
Residue 23 of gp8 S.P. Residue 1 of Hirudin
2 pCANTAB 5G8-Hir DNA
Fig.2 Schematic representation of the DNA fragment encoding the
hirudin-gp3 fusion protein

pCANTAB 5V 112bp pCANTAB 5G8-Hir 301bp

gp8

2.2.3 pCANTAB 5G8-Hir gp8

gp3 197~406

kD
67

43

30

20.1

3 PCR 14.4

Fig.3 PAGE analysis of PCR products 4

1. PCR amplified gp8 signal peptide Hir
2.pGEM7zf + Hae III

Fig.4 PAGE and Blotting analysis of Hir-gp3 197~406

fusion protein with biotin-thrombin
3. PCR amplified gg8 signal sequence

a. Blotting analysis b. Silver staining
4. PCR amplified hirudin gene

1 4.pCANTAB 5V 3. Molecular standard
2 5. pCANTAB 5G8-Hir
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2.3 -gp3
2.3.1
gp3 197~406
30kD 4
2.3.2 1 2
5
2.4 -gp3

pCANTAB 5V pCANTAB 5G8-Hir 5
TGl Fig.5 Dot blotting analysis of
12 hirudin-phage with biotin-thrombin
1. Phage with pCANTAR 5G8-Hir

2. Phage with pCABTAB 5V
1mL

2.5ATU
1

Table 1 Antithrombin activity of periplasmic protein

Vs puL 0 10 20 30 40 50
Ays 5G8-Hir 0.464 0.393 0.295 0.256 0.243 0.221
Ags 5V 0.477 0.531 0.524 0.527 0.536 0.527
AA s 0.013 0.138 0.229 0.271 0.293 0.306
AAys = Ays 5G8-Hir — Ays 5V 5G8-Hir pCANTAB 5G8-Hir 5V
pCANTAB 5V 0.35 -
) 0.30 |- )
Table 2 Antithrombin activity of Hirudin phage 0.25 I
2
0.20
Titer cfu 1x 10" 210" 3.5x10" g 20
Ays 5G8-Hir 0.408 0.361 0.384 3oBr
Ays SV 0.525 0.525 0.612 0.10 [
AAys 0.117 0.164 0.228 0.05
2.5 0.00 [
1 1 1 | | | |
N 1~48 3 0 10 20 30 40 50 60
C 55~65 Volume/pLof periplasmic protein
and fusion phage (10'* cfu/ml)
49~54
6
N Fig.6 Inhibition curve of thrombin
3 1. hir-gp3 197-406

o i1 2. hirudin ph
pCANTAB 5G8-Hir © ARl I WS TR S AR htin:// journals. im. ac. cn
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Hirudin Display on the Surface of Bacteriophage M13 "

Zhou Yu Qin Huaxia Xu Jinsong Huang Yixiu Zhu Shenggeng
College of Life Sciences Peking University Beijing 100871

Abstract Hirudin was fused to the N terminus of M13 minor protein gp3 197 ~406 through a
linker GGGS by inserting both the hirudin gene and the gp8 signal sequence into the modified
phagemid vector pPCANTAB 5V to construct pPCANTAB 5G8-Hir. The expressed fusion protein was
directed by gp8 signal peptide into the periplasm and assembled to the phage particle to form the
hirudin-phage. The fusion protein and fusion phage were detected with biotin-thrombin by Western-
blotting analysis. Antithrombin activity analysis confirmed that the fusion protein and fusion phage
bear the similar conformation to the native hirudin. The successful display of hirudin on the surface of
M13 phage laid a sound foundation for the further study on directed evolution of antithrombotic pro-

teins with altered properties.

Key words Hirudin phage display fusion protein fusion phage
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