Research Paper IR =

Acta Microbiologica Sinica
48(8) 1067~1074; 4 August 2008
ISSN 0001-6209; CN11-1995/Q
http://journals.im.ac.cn

HMERBERFMIERZRERTIZESEH A ADAMIS
EEEEEWIBERRIEKTE
2 ma@l KEX, B8 RN

214122
WmE: [ ] ADAM (A Disintegrin And Metalloproteinase) 15
(thADAM15) [ ] rthADAM15 cDNA GST( -S-
)-ADAM15 [ 1(D)
tRNA  Escherichia coli. Rosetta(DE3) pGEX-ADAMI15
298 mg/L GST-ADAMI15 (2) PCR
GGA(Gly*®) GGC 9.4%
3) Pro-Glu-Phe rhADAMI15
35.7% (4) GGA GGC “Pro-Glu-Phe” rthADAMI5
68 mg/L “Pro-Glu-Phe” GGA GGC 192% 51.1% 61.9%
[ ]
*§A  ADAMIS Rosetta (DE3) PCR

PESES Q816 XEARIREE A XEHRS 0001-6209 (2008) 08-1067-08

ADAMI15 ADAM (A Disintegrin And Metallo-

proteinase)
RGD (Arg-Gly-Asp)
(1. 21 Karkkainen
ADAMIS 1921.3
Bl ADAMIS
[4~7] (8~10] ADAMI15 (thADAM15)
ADAMI1S (Escherichia coli) (Pichia pas-
toris) [ 12 ADAMI5
ADAMIS
(rhADAM15) ADAMI15
E&mMAE: (30772586)
) o Tel/Fax: +86-510-85918219; E-mail: jinjian31@hotmail.com
fEEE N (1981-), , E-mail: wujing@jiangnan.edu.cn

%5 H#A: 2008-02-15; &8 H #7: 2008-04-17

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



1068 Jing Wu et al. /Acta Microbiologica Sinica (2008) 48(8)
AAATATG-3“ : 5 TATAGCGGCCGCTCA-
CTCGCCATCCCCTAGGCTGAC-3~
Sal Not
ADAMI15 ( ) Sal TC
(rhADAMI15) PCR 95 3 min 95
cDNA Imin 60 1min 72 1 min 30 72
10 min PCR 1.5%
rhADAMI15 1.2.2 pGEX-ADAMI15 PCR
pUCm-T T4DNA
16 XL-1-Blue
. 100 mg/L LB
1 AtHA sal Not
1.1 ¥l GST-tag
1.11 ADAM15 pGEX-4T-1 16
pET-15b-ADAMI15 XL-1-Blue 100 mg/L
LB
pGEX-4T-1
XL-1Blue BL21 (DE3) Rosetta (DE3) Novagen pGEX-ADAMI15
(HMEC-1) 1.2.3 pGEX-A1-ADAM15 pGEX-A2-
U553 (INSERM US553) ADAMI15  pGEX-A-ADAMI15
pGEX-ADAMI15
1.1.2 (TaKaRa [14] P, 57
MutanBEST) Tag DNA T4DNA -CATACCCGGGAATCCACGCGGATCCGATTT-3 ~
TaKaRa Py, S5ZGCTGCTTTCTGCGGCAATATGTTTGTC-3“
QIAGEN Glutathione P, GGC ADAMIS5
Sepharose 4B Amersham-Pharmacia 425 GGA
Biotech (Bicinchoninic acid, pGEX-ADAM15 P; Py
BCA) Pierce PCR
Marker(4.1-66 kDa) DNA PCR
ADAMI15 5% Ligation
(HRP) R&D -B-D- Solution 1 ( )
(Isopropyl-B-D-1-thiogalactopyranoside XL-1-Blue 1.2.2
IPTG) 5- -4- -3- -p -D- (X-gal) pGEX-A1-ADAM15
3-(4,5- - )-2,5- (MTT) pGEX-A2-ADAMI5 pGEX-Al-
MCDB131 Sigma ADAMI15 PS5 5%GGT-
ATGGCTGCTTTCTGCGGAAAT-3* P6 5 “*GGATC-
12 BhaEREEMERE CACGCGGAACCAG-3 7 pGEX-A- ADAMI15
1.2.1 PCR ADAMI15 pGEX-A2-ADAMIS P5 P6
(Met420-Glu510)[13] pGEX-Al-
0ligo6.67 P, P, ADAMI5 ( 3 )

: 5TGGCGTICGACTCATGGCTGCTTTCTGCGG-

4
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13 MEERFRE. AUE5LETE (HMEC-1)
1.3.1 GST-ADAMI1S5
pGEX-ADAM15 pGEX-A-ADAMIS
Rosea(DE3) Morris Maduro “E. coli Codon Usage
Rosea (DE3)  ARosea (DE3) Analysis 2.0” (http://www.lifesci.ucsb.edu/~
[15] maduro/codonusage/usage2.0c.htm) ADAM15
Rosea(DE3) LB ( cDNA
50 mg/L 34 mg/L) (BCA)  ADAMIS cDNA 14%
1.3.2 GST-ADAMI15 cce TTG CTA AGG
( IPTG AGA)
oD )
GST-ADAMIS (AUA, AGG, AGA, CUA, CCC, GGA)
IPTG (0.1 0.5 1 mmol/L) IPTG {RNA
Ob (04 08 12 ( E. coli Rosetta(DE3)  BL21
37 37 30 ) 4 6 (RNA
8 h) GST-ADAMI15 thADAM15
133 thADAMIS 10U 2.2 thADAMIS 7 E. coli Rosetta(DE3) i 3a Fis
mg gt
4 8 h SDS- pGEX-ADAMI15 E. coli
PAGE 3000 Rosetta (DE3) 37 0.5 mmol/L IPTG 6h
2 g/L SDS-PAGE
SephadexG-75 BCA
Western
[16]
GST-ADAMI15
14 ARNERESH GST
Matrigel 96
(70 pL/ ) A
6x10°  /mL HMEC-1 150 pL/ kDa
37 5%CO, 60 min rhADAMI15
20 pg/mL, 16 h
GST-ADAMI15
15 rhADAMIS5 X4 M &4 B HIEA
(CAM) rhADAMIS
17
7] 1 FEREFHTMSER GST-ADAMIS B SDS-
9 PAGE Hk 5
-H Fig. 1 SDS-PAGE analysis on expression condition of fusion
N . protein GST-ADAMI15. (A) Effect of induction temperature and
2.1 ADAMI5 EEBE R cDNA FHIH 4 time. Lane 1-3, the temperature for culture and rhADAMIS5
DNA pGEX-4T-1 expression was 37/37°C, 37/30°C, 30/30°C, respectively; Lane 4,
ADAMI Rosetta (DE3) with plasmid pGEX-4T-1; Lane 5-7, IPTG induc-
DAMIS tion time was 4, 6 and 8 h, respectively. (B) IPTG concentration
pGEX-ADAMI15 E. coli BL 21 and addition time. Lanel, Marker; Lane 2-3, Rosetta (DE3)
GST-ADAM]5 119 mg/L without IPTG induction; Lane 4-6, Rosseta (DE3) induction by

0.1, 0.5 and 1 mM IPTG, respectively; Lane 7-9, IPTG induction
when OD was 0.4, 0.8 and 1.2, respectively.
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37 kDa ADAMI5 OD 08 IPTG
GST 26 kDa 0.1 mmol/L 30 6h
11 kDa GST-ADAMIS5 66% Glutathione
Rosetta (DE3) Sepharose 4B 298 mg/L
GST- 23 ERRTEAREAENTRSMAEARRIEE
ADAMI5 ( 1) GST- Rosetta (DE3) GGA

(A) thrombin cleavage site -4 -3 -2 -1

gsll-Le uVal-Pm-ArgGly-i er-Pro-Glu-Phe-Pro-Gly ADAMIS Disintegrin Domain-£rg. .. Stop codon

GTTCCGCOTOGATCCCOGG AATTCCCGE GTCEACATGGCT. . GGA. . GAG CGRCOFCAT. . TOA
Sal 1 Not 1

930 940 950 960 970
{CGTGFATCCCCGGAATTC CC GG'ﬂAT GGCTGCTTTCTGCGGALLT |

thrombin cleavage site -4 -3 -2 -1

B) gsi]-LeuVal—Pm-AfQ’ Gl},rﬂ‘ier-Pm- GluPhe-Pro-Gly ADAMIS Disintegrin Domain-£rg. .. Stop codon
GTTCCGOGTOGATCCCCGGALTTCCCGE GTCEA CATGGCT. .. GG, . GAG CEHFCOFCAT. . TGA
P3 P4

930 940 950 960 970
COTGEATCCCCGGAATTC CCGG TAT GGCTGCTTTCTGCG E@}m’]

(©) thrombin cleavage site —4
gstLenVal Pro-s¥ Gly-3er- ADAMIS Disintegrin Domain A1z Stop codon
GTICCOCGTOOATCE GGTATGGCT. . GGA. . GAG CRECCECAT. . TGA
P6 Ps

930 940 950 960

CGETGGATCCGETATGGC TGO TTTCTGCOGARAT

|
i i |'|I ! |1| Ifll |l|

D) thrombin cleavage site —4
gst]-Leu-Val-Pro-Arg'Gly-éer- ADAMIS Disintegrin Domain-A1z. .. Stop codon
GTTCCGCGTGGATCC GGTATGGCT.. . GGC.. . GAG CGGECCGECAT. . TGA
P6 P5 "

“*

930 940 950 960
[cerecatoooemameeTec TTTeTGCGAAAT

2 FEER GST-ADAMIS F#y 7R & B K 48 Rz 3R Bk R #R 4 U 1 B 1
Fig. 2 Map of the fusion protein GST-ADAM15 and parts of the DNA sequences of the corresponding plasmid. (A) Wide-type
GST-ADAMI1S5 by cloning ADAM1S5 into pGEX-4T-1. (B) Engineered GST-A1-ADAM15 by optimizing rare GGA codon with GGC. (C)
Engineered GST-A2-ADAMI15 by deleting the amino acids residues of “Pro-Glu-Phe”. (D) Engineered GST-A-ADAMI15 by optimizing
rare GGA codon with GGC and deleting the amino acids residues.of “Pro-Glu-Phe”.
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GGG TTG tRNA RGD A1-ADAMI15( ) GST-A2-ADAM15(
( 485 ) GGG thADAM15 ) GST-A-ADAMI15(
TTG E. coli )
SephadexG-75 42
GGA 51 57 68mg/L rhADAMI5 ( 95%)(
GGC ( 2-B) pGEX-A1-ADAMI5 3-A) Pro-Glu-Phe
E. coli Roseta (DE3) rhADAMI15 357%( 1)
GST-A1-ADAMI15 72% GST-ADAMI15 Pro-Glu-Phe
326 mg/L
GST-ADAMI15 9.4% rhADAM15
24 MERMEBETIMZERS rhADAMIS =8 2.5 rhADAM15 #) Western blot %3 % E
4
GST-  rhADAMI5 ADAMI5
ADAMIS ( 2-A) rhADAMI5 11 kDa
-3 Pro (
Pro X-Pro 3-B) 4
-2 Glu
ADAMIS
P4-P3-Pro-Arg|P1’-P2’(P4 P3 8
P1> P2’ )
GST-ADAM15 Pro-Glu-Phe W 11 kpa
pGEX-A2-ADAM15 : 1 'B
( 2-0) pGEX-A1-ADAM15
pGEX-A-ADAMIS5( 2-D) B3 4% rhADAM15 & B A Tricine-SDS-PAGE 4 #(A)
pGEX-A2-ADAM15 B3t R Western blot 223 £ E(B)
EXAADAMIS  E.collRosetn(DE3)  HES eSS PAGE i Mo o i of e
298 mg/L thADAMI15 from the fusion protein GST-ADAMI5, GST-Al-
GST-A2-ADAMI15 326 mg/L GST-A-ADAMIS( ADAMI1S, GST-A2-ADAMI1S5 and GST-A-ADAMIS, respectively.
B:Western blot analysis. Lane 5-8, blots of rhADAMIS from the
GST-ADAMI5 9.4%) fusion protein GST-ADAMI5, GST-AI-ADAMIS, GST-A2-
4 GST-ADAM15( ) GST- ADAMIS and GST-A-ADAMIS5, respectively.

F1 TRAFHERERNNHEARIEER LR

Table 1 Comparison of the results with different strategies

Strains Plasmid GST-ADAM15/(mg/L)* rhADAM15/(mg/L)
E. coli BL21 pGEX-ADAMIS 119 18
E. coli Roseta (DE3) pGEX-ADAMI1S 298 (0%)" 42 (0%)
E. coli Roseta (DE3) pGEX-A1-ADAMI5 326 (9.4%) 45 (7.1%)
(With GGA changed to GGC)
E. coli Roseta (DE3) pGEX-A2-ADAMI5 298 (0%) 57 (35.7%)
(With “Pro-Glu-Phe” deleting)
E. coli Roseta (DE3) pGEX-A-ADAMI15 326 (9.4%) 68 (61.9%)

(With GGA changed to GGC and “Pro-Glu-Phe” deleting)

* The protein concentration was determined by BCA Assay.® The increase percent when compared with that of hADAM15 expressed in E. coli
Roseta (DE3).
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2.6 rhADAMI15 RIS HIE S (CAM)
4 thADAM15 GST-A-ADAMI15  thADAMI5
(HMEC-1) ( 5) rhADAMIS 20 nglegg
( 4) 4 20 pg/mL
16h HMEC-1
GST-A-ADAM15  thADAMI5 E. coli Rosetta (DE3)
GST-A2-ADAMI15  thADAMI5 thADAM15

GST- ADAMI5 thADAM15

GST-Al-ADAM15  rthADAMI15

Bl 4 47 rhADAMI15 B X A K /NE R BB
Fig. 4 Effect of thADAMI5 on HMEC-1 tube formation. The four different trhADAMI15 at the concentration of 20 ug/mL were incu-
bated with HMEC-1 for 16 h, respectively. A was the control, B, C, D and E are respect to the rhADAMI15 from the fusion protein
GST-ADAMI15, GST-AI-ADAM15, GST-A2-ADAMI15 and GST-A-ADAMI5, respectively.

E 5 rhADAMIS5 & (5 xf 36 B fk % AR 3 A 0 & B9 % ARG 1F A
Fig. 5 Effect of thADAMI15 on CAM. CAM were treated with hADAMIS for 60 h, harvested and photographed.
(A) thADAMI15, 0 pg/egg; (B) thADAMIS, 20 pg/egg; (C) thADAMIS, 40 pg/egg.

3 ﬁ ﬁ'_\. Jeon OH
ADAMIS ADAMI5S

E. coli BL21 " Zhang  Trochon E. coli DH5a
rhADAMI5 ADAMI5 GST ADAMIS

cDNA 14% avp3

( GGA GGG
CCC TTG CTA [12.18] Lu
AGG AGA) E. coli DH5a ADAMI15

rhADAMI15 E. coli BL21 (DE3)
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Improving production and bioactivity of recombinant human disintegrin
domain of ADAM15 (rhADAML15) in Escherichia Coli

Jing Wu'?, Jianyong Lei', Lianfen Zhang'?, Hui Hua', Jian Jin'*"

('Key Laboratory of Industrial Biotechnology, Ministry of Education, “Department of Pharmaceutical and Molecular Biotechnology,
School of Pharmaceutical and medical, Jiangnan University, Wuxi 214122, China)

Abstract: [Objective] To enhance the production and bioactivity of recombinant human disintegrin domain of ADAMI15
(A Disintegrin and Metalloproteinase 15) (rhADAM15) in Escherichia coli. [Methods] The expression host was chose and
the recombinant expression plasmid pGEX-ADAM15 was constructed, based on analysis of the cDNA sequence of rhA-
DAMI15. [Results] (1) 298 mg/L GST (Glutathione-S-transferase)-ADAMI15 and 42 mg/L thADAMI1S5 were achieved
when choosing E. coli Rosetta (DE3) as the expression host that could supply additional tRNA for rare codons. (2) The
GST-ADAMI5 expression level increased to 326 mg/L after changing the rare codon GGA (Gly***) to GGC by PCR (Po-
lymerase Chain Reaction)-based site-directed mutagenesis. (3) The thADAMI15 concentration increased to 57 mg/L by
deleting the “Pro-Glu-Phe” at the GST-ADAMI1S5 junction to improve the thrombin cleavage efficiency. (4) Finally, by
combinational introduction of the favorable codons and suitably eliminating of certain amino acid sequence, hADAM15
concentration reached the highest level (68 mg/L). [Conclusion] The high expression of heterologous protein could be

achieved by releasing rare codon usage and amino acids residues restriction.

Keywords: recombinant ADAM15 disintegrin domain; Escherichia coli Rosetta (DE3); rare codons; PCR site-directed
mutagenesis; anti-angiogenesis
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