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M OE FSRASBEARREK ) MEABEHIARASEFKESEEREN S B RR K pPICIK L,
WEA TR S Bel || BAHIG B854k Pichia pastoris GS115 BI#E, MR KA cHs ARMHENE MM ERE LA KD
BEELT. SEHREEIERNBRE A 5%SDSPAGERM A LR, RUFHAES pKS MR RIL. &
CM-Sepherose 8 T % #iE M Superdex 75 5 FiE BT w44 B Al , 368 T 4B 55 98% #) K5, i MIT FiE& W
I RRE, Ak A kS TR X MMH A MENEARMAEK,

XA AAFECAMEKS, BE, S¥BRE, NEHREREIF

hESES 0786  IRIRIAE A

Angiostatin & —f A B I E A KOHE T,
B AA R AN E(Human Plasminogen, HPg) )5
B, BAH 41 krngle, © BRI B 0B 3 LA
REELEMEFERENERK, RF—ANLES
Pl o BT LA S Lk R A R BT, B
MAKRAABIERMELERK, H -8 BES
MK, 1996 4 Yihai Cao A KR HPg 495
5 Kringle (pKS) R E A HIF Mg L EF R,
ML P 24K A3 B A A pKS BB T 4 10 E 40 1 B
PR AR AE K, 30 M BE R 50 nmol/L, L&A A
AAXKBHERERZEANES oK 1, FHH
W B 500 nmol/LEY , BAWKLKA pKs B 5H
EAROAREBHMARATAX" . AF pKS B
0 A R R 4 o 3 i P S A, T X
mEMHEFEMEBTI AT EREBHRA
X RGYHE RN R, BAEAR
ARFHEMARBEHERREREIAN pKS, B TH
AREBEHAEEANMNIENSHMA DRI
BB, EL R LA BEAT R ML R B A 7, AR AT
REMAEFRBERAERKAANES pKs &
A(pKs) X RE Wb MEY R ERITT
B3,

1 MRk

1.1 ##8
1.1.1 BEHHMM: KEHE E. coli Topl0, BHKK

Y Ak B %5 :2004-05-08, £ B H ¥ : 2004-08-02,,
« WREY.
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BEE Pichia Pastoris GS115 B A R ZRF; AN MLE
MEAREFMHEXRERTE ATEMEAEAK
Wi

1.1.2  FURLHIZ R BB pSK-pKS BB LEEE M
M pKSs MBER(EEBEERERRABRAAS
iR ) 84k pPICO F1 pPICOK h A E R F A THEE
HAEAR LK,

1.1.3 FTEXFREFRE. SHBRPIEEERB.
DNA 4+ F i & Marker. ExTaqgDNA RSB R N &
¥2 B TaKeRa 27 AR RER SRAEXAGA X
B DIFCO % &) ; SDS- 3 P9 4 Bk fiic % JBE vl 3K Fr A 3 7
MEBEBR S FE R marker ) H Bio-Rad 2 7] 64
M f RPMI 1640 455 5 W ¥ B Gibcol-BRL 2t
A A A ¥ R4, 1B, YPD . MD . MM,.BMGY
1 BMMY 35 35 3£ 393% Invitrogene A B/ R E FMEF
7 A H . ‘

1.2 Ak

1.2.1 pKSs BHEAXRARENRE: Xho I #
EcoR T X E§ Y] pSK-rpK5 , B Bl & pKS B/ F B,
F T4 5 HK S pPICO ZKHER BE(Xho | 71 EcoR 1 W
Rl ) e, B4k Toplo KB HH . AL EHE
pPICO-rpK5; ] Sac I 1 Sal T WEE 1] pPICY-1pKS,
B lEICE mpKS RO B T4 RS S pPICOK &4
FEB(Sac 1 #1 Sal I NG )FEH , ¥4k Top10 X
% K18 pPICOK-1pKS, 23 KBTET
WAL SDS P4l iR 4R 48 pPICOK- rpKS Fiki DNA.
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1.2.2 BB FHAM: A Bl Il HEEY)EA AR
pPICOK-rpKS , i Z R¥E(L, SHHESE R KRB
GS115 B S 4R 4 , A Bio-Rad Gene Pulser BB ¥
B4, 2E 1300V ,25:F 2000 &4 T 7k, M5
SEEAA ImL Bi¥ LSR5 (LR A6 T RDB
HHEFRE,30CHF 2~3d, WBEHLTHEK,
1.2.3 H¥ENSALTHRMERNEE % RDB FIL
EAEKMBEEHALTFARERR GH8 RAXKE (0,
1.0, 1.5, 2.0, 2.5,3.0,4.0 mg/mL) & YEPD ¥ L
F0CHEF BRAERKEN A8 FETMEAS
ERiFrdite sk, ¥ ca8 MEE S B S MD
MM EBEFER L EHFEMDAKREMAE MM L
SKZBA R, o9 EM YEPD Mk B &,
30C,220/min $55F 1, BB XM HMREEZ L
DNA, KXtk & B &, AOX]
GACTGGTTCCAATTGACAAGC-3’, AOX1 3'primer: 5'-
GCAAATGGCATTCTGACATCC-3' 25 5| #1, PCR % &
mKS BEARGE THESRE.

1.2.4 HEHESRE GRES LTSI
T 200mL BMGY B KL FET OCRGBEFZ
ODp X1 20 LIk, RERETHEERK, &L,
6000t/min, 6min, % F &, /i 60 mL BMMY B &85 3¢
EFERPM,0C, RFGEF W, BREHFEFT M
AREKEN 120FM,EREL. BEEFRM
8000r/min 3.0 10min , B I 3%, SDS-PAGE H4 3K 43 B
RMABRERD PKS HERE.

1.2.5 BEAZEApKS WA BA: X ELERA
20mmol/L. HAc/NaAc B P EN )G, LHE B T30
H CM-Sepherose F.F(Phamarcia Co. id) , & 55 H
20mmol/L HAc/NaAc % M ¥ °F 45 ; Al 300mmol/L NaCl
8 HAc/NaAc ZE R VERE  WE 5 F ks HEBH
P, B A Superdex 75 2.6/60cm BEaBE. 53
/it =9 .

1.2.6 ks EESH AN E: RHE Bic-Rad 2 F]
[¥] Model 111 Mini IEF Cell Instruction Manual ¥ €,
1.2.7 BEHEB pKS MAYEHEE: AILEN
KAMIZE RPMI 1640 M R ABE 280 10% 1Y
Bad 7§ ) PlEfTEESE . HALH pKs EH I RE
WE #TRIIERE, 45 mAHREFES, RS
12138 38 Y 1 4 0 ) B 7 Endostatin 4F 7 FH#E X B8, 75
FHRGIS BESREAMER BB AN E,F
B2t RVHER, MAMAREFBRP,37C, ¢
(CO,) =5% K% 72h, B MTT WA 5" R0 94
KRE.

5" primer: 5'-

2 %R

2.1 rpKSs BAREEHPHE

BB T ERRANSRE ARRGEARN
pPICOK-rpK5. pPICOK- rpKS 23F Bgl 1 Y1 E K
18 pKS WEELE T, REBRTHANEA pKS A -
CAI8 iR, HFRES M EH A0X1 EHEK
BETFR(5A0X1) I |k F X (3’ AOX1) F¥l, 8
HAER®SE EE GS115 Bk i 5 A0XI Al
3" AOXL AL RB R, ¥ pkKS RiXETE
AR EEE, Hi T 60 AOXI ORF, %
RER RS R R, EMMIEFREEAEK
Z18. BIMAREREEE G418 WH Tk, X3
24 1 7E 4.0mg/mL G418 FR B K E THREAE K HE
MM B FERKREEO R, fREFEE DNA,
Fi AOX1 Y 5" %0 3' %51 4, # 47 PCR 0 47, B8 B4
880 bp ) PCR 7™=# (B 1), % pKSs RILBLCE
FEEADLAEDNA L BHRTHREAEEKLEN
AOX1 ORF, B 3 13k 48 rpK5 HE4 Rk W k.

A1 ¥LFH PCR A
Fig.1 PCR analysis of transformants
1:GS115/pPICOk-rpK5 ;M : DNA marker DL2000

2.2 rpKS REEMHENFET A
pKs BEHXRFEHEIFMET ARG, AR

W LS HiEE1T SDS-PAGE ¥, T8 &
pPICOK ¥4k GS115 KM B HERPRB BEIX
AR, HA B b0 AR O BA 2 B (G B R 4T SDS-
PAGE H#l|, R FEHA . A ISKDHEF —HENE
HEARHW B BEA LKW (E2).
2.3 rpKS REWMHF X EENHRUL

. NTREBEEHEApKSEABLERFPHE
B, AT A A TR & di b o fRCE G R, AT R
ETEREHFTEABRANER.
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Fig.2 SDS-PAGE analysis of the expressed rpK5
M: malecular weight standard; 1 : supematant liquid of
GS115/pPICYK ;2 ~ 3:supematant liquid of GS115/pPIC9K-rpK5

2.3.1 BEFEEHBIHBHEE X GS1IS EHK
AKHMEMMEEREAFRROTRAEKB N 12

kL A
b L 1 T
37 ¢+
36
kA

tpK$5 content/%

34}
B
32 " s . 3

20 22 24 26
Start time for inducing/h

~2h EBEHEAREH ERAXREE BEHF
—EMNEGE NERIEEALE KER, Bkt
BAERKAPREEVHRE —HEBR REREES
VRaf ), 45 R W 2k K B 20 ~ 24h BHEST
BRI PKHRIBEREEEER, YIEEHFaHE
K ZE 26h BT, PK5 (3R 589 B R (E 3A).
2.3.2 EFEREpHEMEE B4 KN pH
B EZ.BFRN pH S BRI REANELR,
ATRBERKE pKS IFTIL, LT pHS5,pH 6
MpH 7 REIZHET pKS MRk, TREREMN,
LR BB IEE BMMY & pH 1K 6 B, pK5 B9 F K
BER(E3B), SR THRERAES . RNEBABEH
BEOALAREAPHELBEHENER . XN
H—EMEAMAEE T ER/.

B

36 r
35+ T
34 L
®
S 33 F
g
5 32°F
a
2 31t
B
30 1
29 -
28 . .
5 6 7
pH of BMMY

A3 ks REBBEREEMGHMRL

Fig.3 Optimal culture conditions for expression of rpK5
A:start time for inducing; B: pH of growth medium BMMY

2.4 EAFEA rpKS I BALMAEEEE
HFEBEER(E4,lame DHNEESERA
BTrREs B k% E&A 20 mmil/L
HAc/NaAcHIEW B ZEN . BREZ KB AEMNFTY
i (B 4, lane 2) , B /il 20mmol/L HAc/NaAc 2 n ik #i
SEH#5 B9 CM-Sepherose F.F 8 F3 b a4k, HE i A
AFEI FE NaCl () HAc/NaAc 4% M ¥ ¥ % , Pharmacia
LKBcontrol Unit UV-1 M EHF 2 M~EH OB, £
SDS-PAGE H 3k 8 ¥ , il 300mmol/L. NaCl ) HAc/NaAc
SR B RAEG P EA pKS(E 4,lane 3), W1
s 4k B HE & 2 — 5 FHl Superdex 75 2.6/60cm H 43 &
aift, B IXRBEEZRIEAZIB I LB EAR
%, B4k 9 7E 9 A SDS-PAGE ¥, pK5 BEH &2
Gel works 1D Advanced FF A AR R, HaE
BEFE 98% LA b (8 4,lane 4) . SiLE B F
MEA - TEOE, XK, TL&(B 51). %
HEAESH RN pKS BEBRHN 6.6(H 5B), 4

L/ rpKS B A SR 28 1 R A S ROBO 3, B R
SRR 279.4nm(E 5C),

; 12 3 4 M
& — 074

-— 43

- —31

- —201

——14.4

M4 kS BEEHI{L R I SDS-PAGE 5 §7
Fig.4 SDS-PAGE analysis of samples collected at
different stages of rpK5S purification
1; supemnatant of GS5115/pPICIK-rpKS5;
2:dialyzed supematant of GSI15/pPICIK-pKS;

3: fraction eluted from CM-Sepherose;

4: fraction eluted from Superdex 75;

M: molecular weight standard
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Fig.5 Characterization of purified rPKS
A:Gel filtration analysis;
Bisoelectric point analysis. M:pl standard; 1 : purified rpK5; C: UV absorption spectrum analysis

2.5 rpKSEISEPAEMNE

H otk 8y pKS RPVEBESS , n B A & P B 41
Hubk 3% FE WP, 7E 37°C,9(CO,) =5% R F T3
72h J5 , i MTT J7 38 WA R %K BE rpKS 33 AL
R B4 K B B W, [R) B 4 Endostatin £E 47 PH 44 %
B8, GS115/pPICOK i ¥k & B L 3 ¥ 1€ 2 FA ¥ 3% M,
SHBERESH 3K,7E 595nm AL M EHMBA oD 1H,
BOFHEE M EQRKEFR(E ). &RKRN,

0 3 30 300 3000 30000
Protein concentration/(ng/mlL)

ODsgs

0 ; 3;) 3I00 30.00 30000
Protein concentration/(ng/mL)
Ho “ifth ks EAXMMENERARERKNEH
Fig.6 The effect of rpK5 and Endostation on
the growth of endothelial cell
A :tPK5;B:Endostatin; VEGF Concentration : 60ng/mL
A:—e—GS115/pPIC9K  —m—GS115/pPICIK + VEGF
—a—pK5  — x—pK5 + VEGF
B:——GS115/pPIC9K  —m—GS115/pPICIK + VEGF
—a—Endo — x—Endo + VEGF

544 % B GS115/ pPICIK B ¥k & BF - 18 W L &,
AL B rpKS(E 6A) 5 FHPE XY BB Endostatin( B 6B)#
A3 I A PR L 40 MR R L, 2R R
XFo YMMMEEFFH A MA 3000ng/mL H4EL PKS
i, 40 A A AT I RIE B 53 % (B 6A), FHEXTR
endostatin 7E [ FF 3 FE T , X 4 BB AR K 1D ) B R 38%
(Bl 6B), EHEFMFMA 60ng/ml. #9 VEGF H1THE
SR £ R RUIELE pKS H endostatin X VEGF
FIRAAEKEEBAFTEENMGHER, SEAR
ik B & 3000ng/mL i, rPKS #1 endostatin X 48 B 9 4
Kmp RS HE 61% M 46% , X4k F RV didk
B opkKSs EOEAMPANLENEZARERKNEY
Sc

3 it

i HE SOl ERN B MRS A A
R S BROR R R AL O UL EFH L TR0 B
1, ) 0 i B 2 R, T R B A L o O B, R L
FEAEE, ol LA BNE T W H B WX T MR AR,
B A i B R FLE IR AR 4 Y5 0 1, 49 B A
P A AT LA 5 o o 0 B A K KA KRR . AU
RAKEBERIRL, mERETHRAMAMEE
KMHBEF pKs, Ll G418 fidk, KRBT HREH
TEEH®, FRANERAFETRHNEELARS
B4 M FIK R, SR ] I ] Y R R A
FEHEE ERBESHGEWEBEONRE

B, EX PKS RERRAHNRRT R E

IR BERTEHATESERFEAZD
f& k&R pH6.0 MR BE R R R RBR RS
MUEERHE. B HEFXREN o TREsL
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Expression of rpKS in Pichia pastoris and its
Biological Activity Identification

SHEN Li SONG Da-Xin GAO Bo-Yu LU Hong LI Yu-Yang®
( State Key Laboratory of Genetic Engineering , Institute of Genetics , School of Life Sciences, Fudan Unisersity . Shanghai 200433, Chin)

Abstract The expression vector was constructed by inserting chemically synthesized DNA fragment coding for pK5 ( plasminogen
kringle 5) in expression vector pPIC9k and transformed into Pichia pastoris GS115. The transformants with high level of G418
resistance and slow growth on the MM plates were selected. After the selected transformant was grown in BMGY medivm and
induced by methanol, the culture supernatant was collected by centrifugation and analyzed by SDS-PAGE. The results showed
that the recombinant pK5 was secreted into supernatani at quite high level. Through a simple two-step purification procedure,
pKS with 98 % of purity was obtained. The results of endothelial cell proliferation assay showed that the in vitro anti-endothelial
cell proliferation activity of purified rpK5 was significant .

Key words plasminogen kringle 5, yeast, secrelory expression, endothelial cell proliferation assay
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