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# OE: AT HRARE @8 % B F (Human osteoblast-stimulating factor, OSF-1) &4 4 % /& ¥, ## OSF-1
B B A B R K B AR R A S AL B A M E b4 OSF-1. % iliit A B A T A R 7 ik A A osf-1 22 H,
IF A BB ik F X BAR pPICIK, M F LA A 4L pPICIK/osf-1, KMEALE LiELBEE R T H
GS115, ## P. pastoris GS115/ pPIC9K/osf-1, %2 MD. G418-YPD “F#5#= PCR ik fh i, k13 % 3 N4LF.
FabE R X HARAE 25C, 2 1% W FEHF AL I6h, THAEAMHNARXERIIRK. 2 SDS-PAGE %5k 547 Ff
RAHELEAOLH 18 kDa, HARFE @I A TAM, &L L& 2 SP-Sephadex C-50 & T 34 BAT AT
shiAb, 733 4h/E K 98%VA E#) OSF-1. Western blotting %% 1% & & & AR E o 4] L B F ik LA RAF# 3
Jork. A E MR T KB OSF-1 feiidt SR F @it MC3T3-El #9387 A1k, B TR FABES
B RIRT A A E ) OSF-1, AH#—F F R L MRANEEAR AT AT L LR T KA.

Expression and bioactivity of OSF-1 in Pichia pastoris
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Abstract: In order to research the biologic activity of osteoblast-stimulating factor 1 (OSF-1), the pPIC9K/0sf-1 yeast
expression vector was constructed to express and purify OSF-1. Firstly, the 0sf-1 gene sequence was obtained by artificial
synthesis and cloned into Pichia pastoris expression vector pPIC9K to generate pPIC9K/0sf-1. The recombinant plasmid
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was linearized by Sac I and transformed into P. pastoris GS115 by electroporation. Recombinant P. pastoris GS115/
pPICI9K/0sf-1 was screened by MD and G418-YPD plates and further identified by PCR. The positive P. pastoris was
induced with 1% methanol at 25 °C for 96 h. The target protein was analyzed by SDS-PAGE showing a special band about
18 kDa. The target protein was successfully purified from the supernatant of the broth using ion exchange chromatography
of SP-Sephadex C-50. The purity of target protein was above 98%. Western blotting appeared a good antigenicity of the
purified protein. Bioassay results show that the recombinant protein OSF-1 can promote the differentiation and proliferation
of osteoblasts MC3T3-E1. We successfully expressed OSF-1 by recombinant P. pastoris for further development of
anti-osteoporosis of research and industrial production of OSF-1.

Keywords: OSF-1, Pichia pastoris, protein expression, purification, biological activity
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OSF-1

1 HHE57*®

1.1 #y
1.1.1

pPIC9K E. coli JIM109
Pichia pastoris GS115
MC3T3-El ( )
ATCC
1.1.2
EcoR1 NotI Sac [

TaKaRa MiniBEST Plasmid Purification Kit Ver.
2.0 TaKaRa Agarose Gel DNA Purification Kit

Ver. 2.0 TaKaRa DNA Ligation Kit

G418 Sigma
OXOID
OSF1 (ab10849)
Abcam
(ZB-23006) MEM
EARLES GIBCO CCK-8

(ImageMaster RVD) Pharmacia Biotech

—_— (YB-121)
(Incubator 1C600) YAMATO
(E. coli Pulser) Bio-Rad ODgg0

(UL TRSPEC10) GE Healthcare
BIO-Sciences
(FPLC) Bio-Rad

Millipore (OLYMPUS IX70)
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(Thermo
SCIENTIFIC) Thermo
1.1.3
NCBI (Accession No.
NM _002825)

osf-1
LB YPD YPD-G418

BMGY BMMY SOC Invitrogen

12 A%

1.2.1 pPI1C9k/osf-1
NCBI

(NM_002825) osf-1

DNA PCR
DNA DNA
5’ EcoR I
3’ Not I pMD19-T
pMD19/0sf-1 1 pL
IM109 (Code

425 bp

Simple
E. coli
No. D9052) 37 C
EcoR I Not I
pPIC9K
50 pL 1%

pMD19/0sf-1
37C 4h

1.5 mL
TaKaRa Agarose Gel DNA Purification Kit
Ver. 2.0 1 uL
1%
TaKaRa DNA Ligation Kit (Code No. 6023)
osf-1 pPIC9K

pPIC9K/osf-1 E. coli
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JM109 (Code No. D9052)

800 uL SOC 200 r/min
lh
200 pL
(50 pL/mL) LB
37°C 12-16 h
LB

1.2.2 pPIC9K/osf-1
pPIC9K/osf-1  Sac |

GS115
RDB 30 C 72 h
MD His"
G418 YPD (G418
0 1 4mg/mL) 30°C 2d
MD
MM Mut"
Invitrogen

(Invitrogen Corporation. A manual of methods for
expression of recombinant proteins. USA)

1.23 PCR

Lysis Buffer for Microorganism to Direct PCR

(TaKaRa Code No. D304) 80 C 15 min
DNA GS115
TaKaRa LA Taq Kit (TaKaRa Code No.

DRRO02A) PCR

3'AOX1(5'-3"): GGCAAATGGCATTCTGACATCC;
5'AOX1(5'-3") GACTGGTTCCAATTGACAAGC

94 C ] min 98 C
10s 55T 30s 72°C 30s 30

1.2.4 OSF-1
Invitrogen
Multi-Copy Pichia Expression kit
YPD
30 C 200 r/min ODggy 24
1% 10 mL BMGY
25 C 200 r/min
ODgoo=4-6 1 500xg
50 mL BMMY
1.5 25 °C 200 r/min
24 h 100%
1.0% 0 12 24 36 48
72 96 120h SDS-PAGE (
12%) Bradford
1.2.5 OSF-1
1L 300 mL BMMY
3.5kDa
4°C PBS (pH 7.6) 20h
4h SP-Sephadex
C-50 4 (pH 7.6) 4
PBS 1.0 mL/min

5 min

ODsoo

(20 mmol/L
7.6)

2 mol/L NaCl pH

Millipore (
(10 000 r/min 20 min)

10 kDa)

SDS-PAGE
Bradford
1.2.6 Western blotting
PVDF

100mA 1h PVDF
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( TBS 3% BSA) lh
1 2000 OSF-1 (ab10849
Abcam ) 1h TBST 3
10 min 1 2000
(ZB-2306
) 1.5 h TBST 3
10 min DAB/Nicl2 Western
blotting (ol
1.2.7 CCK-8 PNPP OSF-1
MC3T3-El
5x10%/mL 96 37°C
CO;, 24h
100 uL
(90% +10% +
1 mL) OSF-1
OSF-1 0.1 1.0
10.0 pg/mL
0.041 178 pg/mL 37°C
CO, 24 h 4d
MC3T3-El
4d
10uL  CCK-8
3h 450 nm oD
PBS 2
200 uL  TritoX-100 50 min
15 min

492 nm ALP

2 GREAM

2.1 pPIC9K/osf-1 IEELFE
EcoR [ /Not I pMD19/0sf-1
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pPIC9K 1 500 bp
9 200 bp
pPIC9K pPIC9K/0sf-1
E. coli IM109
( 2 osf-1 NCBI
NM_ 002825
pPICOK
EcoRT Notl
22 EBBEHLSRAEKTFE
pPIC9K/0sf-1 pPICIK
GS115
MD G418
YPD 4 mg/mL G418
DNA
AOX PCR
GS115 3
1-4 500 bp

GS115  AOXI
5-8 1000 bp

bp MI 1 2

1 pMD19/0sf-1 #0 pPICOK RyEE1I 25 R

Fig. 1 Enzyme digestion result of recombinant vector
pMD19/0sf-1 and expression vector pPIC9K. M1: A-
Hind III digest DNA marker; 1: pPIC9K; 2: osf-1gene;
M2: DL2000 DNA marker.
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CTCGAGAAAAGAGAGGCTGARGCTTACGT AQAAT TEEGGA AGAAAGAGAAACCAGAAAAAAAAGTGAAGAAGTCTGACTG

EcoR |

210 221 232

254 265 276 287

TCTAAGAAGAAGAAAAAGG AAGCRAGAAACAGGAGAAGATGCTGGATTAARGCGGCCGCGARTTAATTC

606 617 628 639

650 Not 672

El 2 pPICIK/osf-1 RIEFH AN FLEE

Fig. 2 Sequence analysis of expression vector pPIC9K/osf-1.

pPIC9K/osf-1 PCR
osf-1
DNA

pPIC9K/osf-1
23 EHBEERIATYHRY SDS-PAGE 74

P. pastoris GS115/

10 mL BMGY
25°C ODgoo=4
BMMY 25°C OSF-1
12-24 h
120 h SDS-PAGE
SDS-PAGE 72 h 18 kDa
OSF-1

M bp

1000
500

3 ERREEHKETAXME PCR B 1%IR A5 1 5
BR Bk B

Fig. 3 PCR result of P. pastoris GS115/ pPIC9K/osf-1
and GSI115. M: DL2000 DNA marker; 1-4: PCR of
P. pastoris GS115; 5-8: PCR of P. pastoris GS115/
pPIC9K /osf-1.

OSF-1
82.3 pg/mL
24 EEBERIAEH OSF-1 M4k

96 h

OSF-1 300 mL
(pH 6.0) 25°C 1%

96 h 13 000 r/min
20 mmol/L PBS
SP-Sephadex C-50
(20 mmol/L PBS

(pH 7.6)

pH 7.6 2 mol/L NaCl)

18 kDa

SDS-PAGE

4 EEFREEEL GS115/ pPICIK/o0sf-1 ik E£iF
SDS-PAGE 4 #fr

Fig. 4 SDS-PAGE analysis of expressed OSF-1 from
cultural supernatant of P. pastoris. GS115/pPIC9K/osf-1.
1-8: P. pastoris GS115/ pPIC9K/osf-1 (0, 12, 24, 36, 48,
72, 96, 120 h); M: protein marker.
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( 5) Western blotting kDa e
OSF-1 ( 6
id
22.3 mg ‘
98 OSF-1 27.1% s
OSF-1 -20 C
28.0— Aad

25 EABERAEAFSHAMIBENS L

2 h 24 h 17.0=

48 h

3d « 7
kDa 1 M 2 3
6 Western blotting % & 4 {t B9 OSF-1
Fig. 6 Identification of the purified OSF-1 by Western

blotting.
CKK-8 OSF-1
oD
28.0—
(P 0.05) 0.1 1.0 10.0 pg/mL
OSF-1
170 oD 1.0 pg/mL
(Y
OSF-1

5 SDS-PAGE ¥ E4{LA OSF-1
Fig. 5 Identification of the purified OSF-1 by SDS-PAGE.
1: negative control; 2-3: purified OSF-1; M: protein marker. OSF-1

*1 BERAEAFES MCITI-ELBEMD L
Table 1 Proliferation and differentiation of osteoblasts MC3T3-E1 by recombinant protein OSF-1

n Proliferation (ODys) ALP activity (ODy9,)
Blank control 12 2.690+0.038 0.0163+0.004
OSF-1 (0.1 pg/mL) 12 2.931+0.059* 0.0248+0.006
OSF-1 (1.0 pg/mL) 12 2.944+0.077* 0.1640+0.0810%
OSF-1 (10.0 pg/mL) 12 2.777+0.084 0.1720+0.1150*
TH (0.041 pg/mL) 12 2.884+0.049* 0.15300.1230%

*As compared with blank control P 0.05.
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Negative OSF-1 group PTH group

B 7 AR 3 d 58I B AR (X 40)
Fig. 7 Osteoblast of negative, OSF-1 and PTH groups after three days.

1.0 pg/mL 28-30 ‘CH] 32°C
10.0 pg/mL Jahic
(D
3 ik
80 25°C 30°C G418
(] His Mut"
120 h 1%
o 12h SDS-PAGE 24h  18kDa
[13-14] OSf-l 7 1
pPIC9K 96 h
pPIC9K/0sf-1 OSF-1
GS115 P. pastoris GS115/pPIC9K/osf-1
P. pastoris GS115/pPIC9K/osf-1 [18-19]
[15-16]
pH 7.6
1% 72 h
120 h pH7.2-7.4
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22.3 mg 98 OSF-1
cckg P ALP
0.1 1.0 10 pg/mL
OSF-1
OSF-1
0.1 pg/mL 1.0 pg/mL
10 pg/mL
P. pastoris
GS115/ pPIC9K/osf-1
OSF-1
OSF-1 OSF-1
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