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Expression of Human Tumstatin in Pichia pastoris and its

Bioactivity
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W E ARPCREAMNFHAE pET-3c-tum F F ¥ A wmstatin 45 cDNA B 5,3 A pPICZoA B FGE R KA FH A E
pPICZa-tum & Bk L E A B I GSI15. BRAPEX BFAEAFR, T2 T AAA umstatin S FAHFHALTF AR K
BRGNS T A I0KD, Ak FH 25mg/l. AR P ASRERGFETEREAMTAL AR HAALAETHR EDw
HAakmpeEd AF LA mEA T, FErHAEARE R E A A,

XA wmstatin, A B RE B AEF,ELSH
hES¥*S Q78 LWERINE A X HAR/S 1000-3061{2006)03-0451-06

Abstract Human tumstatin{ hTumstatin) eDNA was amplified from recombinant plasmid pET-3¢-tum, cloned in frame with the
signal sequence in yeast vector pPICZaA and transformed into Pichia pestoris GS115 by electroporation. The expression of
hTumstatin in GS115( pPICZa-tum) was then induced by methanol and secreted into the culture medium, with a yield of 25mg/L
as shown by SDS-PAGE and Western blotting. The expressed hTumstatin was purified to more than 85% purity using a simple
one-step SP-Sepharose cation exchange chromatography. The MTT and chick chorioallantoic membrane assay showed that the
yeast produced hTumstatin could inhibit the proliferation of human umbilical vein endothelial cells and the neovascularization
induced by bFGF. Hoechst 33258 fluorescent staining also demonstrated the apoptotic change in endothelial cellular nuclear
morphology .
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BEREH 35 umstatin M9IRE . AR A RAEE
( Pichia pastoris) % ik R %, ¥ tumstatin cDNA JZHE £
B BE R 2k 8K pPICZeA, P FREHE S
PR FAE L, LT wmstatin BT 7 53 3R
R RN T W A S A

1 #Rfedr &

1.1 ##
1.1.1 FOBFIp R B AR BE B R L 4K pPICZaA
Pichia pastoris GS115 W3 B Invitrogen A 8], KB FF H
E. coli TOPIOF" A A SR, & A tumstatin ZEH 1
¥ pET-3c-tum HAEEHE.
1.1.2 FTEXNMBERE - FHRAERDENE
#ikG g 8 New England Biolabs 1 GIBCO-BRL 4 #],
R E e EERIC AL AN R G WRILE R
W RERFIEL G, Zeocin™ W Invitrogen 22 B}
P bk, B T 3 ¥ B g SP-Sepharose Fast Flow &
Pharmacia 23 81 75§ o MTT,Hoechst 33258 3 Sigma 2
"5, &% LB.YPD.MDH.MMH,BMGY.BMMY
55 35 57 H A% Tnvitrogen 20 F1ERAEF M BLHI .
1.2 A&
1.2.1 Si#i%il .PCR KEef KL H K pPICZa-tum
Bt A I E 0 4 B ik R pET-3c-tum |,
£ %1 A tumstatin ¢DNA 3B 5" 5% 3/ kil — Xt 3]
W.E L PRI YOFRYEM Vo T B2, 51
PERm EEBEAPHEARERAACE, FFII
F.Pl:5-AAC ATA TGC GGC CGC CCA GGT TTG
AAA GGA AAA CGT G-3";P2:5'-CGG ATC CGCGGC
CGC CTA GTG TCT TTT CTT CAT GC-3',

HE®RS #, L& A tumstatin ¢cDNA 1) i &

pET3c-tum A B4R, PCR # 1 tumstatin ) cDNA A ‘

Bi, PCR =Yaifk/G B Noe | 8§41, 5 R AR U0 4t
BHZLEBMALR K pPICZA #FH, HLKXBT
WE Bk E. coli TOPIOF' B2 S4M, & FR R E R
HItEBEY) K E 0 DNA 5 487, it A R,
1.2.2 HAESHAKR. HFRIFTEHNEARN
pPICZa-tum FH Sac | #EATEE 2R ¥ 1k, Eppendor
B3 X 5 b B A BB GS115, RS B0 M 1.5k,
251 F,2000, S EIIA 1mL 2K R 1L BLEE,
ZREGBERSR A TENAER Zeocin™ 100pg/mL
) YPDS F 47 ,30C 1 3% 2 ~ ad, PR BUA: K 3 ¥ B R
B FHOT - R£BHFH,

1.2.3 EHEABASEAEAETOME: ¥
YPDS F t b 7 41 4 7 B B ®] MDH F 4, %

Invitrogen 2> A RVEF M EE B EF VT EHNAE
B, AR EAAREENREEEEMNT Snl
BMGY,30%C, 250r/min IR %557 E ODy =2~4. 8
LS AR, B 44 20mL BMMY( B BEIRFE 0 2% ) B
BlE 0Dy, H | SRS ST, F G 24 h A0 1% P BE,
72 h fGE Ll dE ki T SDS-PAGE, & H
ImageMaster® VDS 3 {4 ( Amersham Pharmacia Biotech)
BB R EARINTUMERLARENEL
T

1.2.4 FEEHREEIN - HPIMEFLLLHE
BEAT 129 SDS-PAGE 4B /5 . S Ek(12], R A&
% 4] 4 B9 RPN tumstatin B S HEPL LTS, 1: 500 #
B RN —H AT Western blot X F WX EXZEEHH
PR SR P A TR’

1.2.5 REFOHGL . DEMEESRE LHERE
BEREHIRETERREAETFLREHR—FPA
fb. B 5 RIKERZE Bl A(20mmol/L B R M
P, pH 6.0) F # SP-Scpharose FF [HE ¥ #
BESLL0.5~ 1.0mL/mn MFAELHE, 258
RIS AL 1.0~ 2.0mL/min BFEWPLES,
FHZErhi B(ZE ¥ A + Imol/L NaCl) LA 5 f54F Bk ik
BAIT 0~ 100% B E N, PR ERBEELES
SDS-PAGE 487, &3S HMEHMRIRE, A PBS
EZREHTFIEEER.

1.2.6 P9 E2 40 B 1Y 0 40 4k 8 (MTT %) &
37C.5% CO, EFBHN, HET 10 /M FMHFEB
RPMI / 1640 5% 35 55 37 A &0 Bk P9 B 41 e ECV304
(MFPILRELRBHYT L), HBLS10 4
2 . 100uL 46 BLEY B 8 3 804 K ECV3os B R

C TFos L ER(S MBI, EHIR

G, E R IR 150pL, TRA(BHBRIATE
HILYILIMA 50 pL 5, B 3t B AL o A 55 (kR
PBS, EE37C.5% CO, M THIFE LG, LHF
WP LLIMA 20pL MTT 3 8 (5g/L) , B SEHE3F 4 ~
6h . F L# .8 100.L DMSO, Z % 2% M )5 L
655nm HBE WK, MTF Ap. HTEMHE( %) =
(Asanmu — Azem )/ Azpnma % 100%

1.2.7 Hoechst 33258 e o, & M0 40 ffa o v . 20 B2 i

SRR/ KR (3:1) E R BEE 10min, PBS ¥ %

1%, DNA %4 3 e U $l Hoechst 33258 TR+ fo
0min, S G XX E BN ARBEESUERAR,
PR A¥H R EFHRe ke mEks T Be
o
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1.2.8 SRR NS RRE" L HEH
BILWHRBE)T IICHET 6d , HESEGETH
W —4 lemx 0.5em B/NE , FI 2K B8 % B BB i &
W, SHRBREI~-2dEEMEESHREETED
NG 134  RBCEERNBENREN, KEA(a
=571 0.25,g bFGF FiI 10pg ¥4 SE LK TR L =9, Xt
B4 (n =5)/N 0.25.g bFGF %K1 PBS,37°C 4k &L
B3 2d EMBNEA KFR, FBMEICR.

2 #X

2.1 FTiEFMEK pPICZo-tum RIHEE

# PP 5P S HEHMENE wmstatin
¢DNA BEZ K pPICZeA M) Noo | 755 b BB
f F ik | & pPICZa-tum (Fig. la), B T A tumstatin
HHE MK pPICZaA EFHAH—1 EcoR 1 UL A,
FRUEHERBESE L NEDN wmstatin B3 A F =
EH, N A4H EcoR I BYIR =8B B R KD
4% 9 598bp 1 3737bp, MIVIEEE R ST
(Fig.1b),

(@)
Nor |
BamH |

pPICZat-tum

100—

1 FIEEIK pPICZa-tum HI
Fig.1 Schematic map(a)and restriction analysis{b)
of recombinant plasmid pPICZa-tum
M: 100bp DNA ladder; 1: PCR amplified tumstatin ¢cDNA; 2: pPICZa-
wm/EcoR | 5 3: pPICZeA / EcoR 1 .

2.2 hTumstatin EHEFREHFNFESRE
#1.2.3 M B7E MDH #1 MMH 4R E A4
KEFEHYNEATEEBRA#FTIRESRRX
J& ,SDS-PAGE F#iRiX L. &R (Fig.2)A R, &
HEEALTF GS115(pPICZa-tum) B EE R G X & L
£ 30kD B B — RFEHRT , SRHEMEQXR
ANHE P, B R R pPICZeA B ¥ 4 T GSI15
(pPICZaA) Y4 W E WETEADI L BB A &KF, £
HHOEARB T W EX, SDS-PACEFRLER

/5,48 h Tk FiEFEPEE 0T BB RAH,72 h Eik
BEES BAEOGEE, SBEXFEEART I,
FEIARK 25mg/L,

D M 1 2 3 4 5

67—

43—

25—

B2 FRi&“HH) SDS-PAGE 547
Fig.2 SDS-PAGE analysis of the expressed hTumstatin
in GS115(pPICZa-tum)
M: protein molecular weight marker: 1: GSI115(pPICZaA ) induced for
72h as control; 2 ~ 5: GS115( pPICZa-tum)} induced for 0, 24, 48,

72h, respectively.

2.3 RiETH A Western blotting % 47

FABRMKBFARENOA wmstatin 5T M0 75 K
— X F K ST Western blot 5347, 85 £ (Fig.3)
BR, BHELTF GS115(pPICZa-tum) ) 35 7 P F 1X
ZHHE S RMA wmstatin 1 M0 7 55 F P KR, R
B iZ & tumstatin F W RIX=Y . HEFRER
REfEtE .

B3 FEFEHH Westen blot 7387

Fig.3 Western blot analysis of recombinant protein

expressed in Pichia pastoris GS115( pPICZa-tum)
(A) SDS-PAGE Coomassie Blue staining: (B) Western blol analysis
using anti-tumstatin polyclonal antiserum as primary antibody with a
dilution of 1:500. 1: protein molecular weight marker; 2: GSIl5
(pPICZaA) induced for 72h ; 3: GS115(pPICZa-tum) induced for 24h;
4: GSI15(pPICZa-tum) induced for 48h.

2.4 RiEFTHEIAL
Rik L % 8B I . SP-Sepharose FF PH B F 32 #t
M HfE , B ER BT SDS-PAGE P E2H — £ W,
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BB TSR A 85% L) E(Fig.4),

M4 RikiWoiieil# SDS-PAGE 4347
Fig.4 SDS-PAGE analysis of the purification
of expressed product
M;: protein molecular weight marker; 1: fraction eluted from SP-
Sepharase FF; 2: superatant of GS115( pPICZa-tum) ; 3: supematant of
GS115(pPICZaA) .

2.5 FikF=4pxt P9 B 4N AR s T &Y 0 R4 A

HIE S AW, RIAT=WA 0.5pg/ml. BIEE R EW
SRS B ECV304 (3B R, IR iK 50% . B
7 [ e BE 9 wumstatin X P9 7 490 B 3 7 04 400 1 4E I AF
E—ERNRRER,WE R 10pgy/mL B K KEPH
BEMHEE 5%,

A

90 r
801
0r
60 F
501
a0r
JOF
20r PP
10§
0

-
N

-~
S

AR

Inhibition rate/%

2 NN
AR

o
(51
=~

. 0.5 2
Tumstatin concentration/{pg/m|

-
—
[=]

=

}

B 5 Rk Pt BT 4B M1 7 A0 it A
Fig.5 Inhibition of endothelial cell proliferation by

recombinant hTumstatin

2.6 REFHHAEARATHESER
BTN SR K AR A,
P2 Y44 ¥ Hoechst 33258 % FH T I8 1= 40 M B F) 6 €
Hoechst 33258 e A 5 R &/~ , LA W E 4 10pg/mL
FEFRZATYWAERNT ECV304 il 24 h f5,
£ B A% 7 A R TR R I g € B A R R B
% EHREE(E 6 B), M A (PBS) 1 4 M
MECESZEE REA(E6 A), RARE™Y
REAMES N ECV304 ZAERT

Bl 6 ik PXE P9 B 4 O 093 2R (Hoechst 33258 Rt 5)
Fig.6 Nuclear morphological changes of ECV304 cells induced by recombinant hTumstatin

ECV304 nuclei were stained by DNA binding florescence dye Hoechst 33258 and examined by Olympus fluorescence microscopy (400 x ). (A) Normal

nucleuses ; (B) Apoptosis nucleuses induced by recombinant hTumstatin of 10yug/mL for 24 h.

2.7 kP4 X6 AR AR I AR & A DR A0 I B 1E
A6 FF FR BB (CAM) I B A4 R R B, EHER 7
~8d HIXSHE R B E oA 10pg @i AR O, GEER
B3 d, 53 BAMETNES, RER EnERE
A LEHEMEER(Fg.7), £ABEREETD
SERH B G| bFGF -5 A 75 R SR 2 B3 1 B 4 1.

3 W
BRI 7L & 4 H ALK AT B %k R R A

EAEF hTumstatin {17 E", B4 EEE KB
FF 88 3 R 25 1) R AT 4 W 3R K, o 8 ) A v L 3 A
HOAKE 293 4010 4K 51 75 HE 55 30 3% WTumstatin F
Fi#—#HEY , AEREMNARRITRAFRE
Z 5 {EA I B B R ¥ ( Drosphila melanogaster }S2 i

KR 8%5E ) M3 T K ( Trichoplusia ni)Tn SBI-4 4B

TR IR HE P W A A tumstatin'® 7, AL E R
%5 #2535 hTumstatin 77 7E & 25 46 B X | 90 g 3415 5 %
FEE EARSRE MEFAMBRAIAREEAG
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Bl 7 k7Y A6 R IR 2 R B A A 0 £
Fig.7 [Inhibition of bFGF-induced angiogenesis in chick

cheriallantoic membrane by recombinant hTumstatin
Representative example of the CAMs in the presence of (a) bFGF +
PBS: (b} bFGF + 10 pg tumstatin

EERBABBNEERRERZRE, RARNEKR
SRR O R RE A FISE & B 43 I R GE A BEE S m AL
HOEAREERE, XAV E Toith, AT
TRAMWADYRARE" . HltE X ERE
FZ Z S ST hTumstatin B R AHFFR

AR pPICZa RINREE Zeocin™ HitEH
B Sh ble, FHEMEEOEAL SHERS S
H5%&WE, B Zeocin™ H A B2k H AR MR
T EFGME, BE TEHRSH A FHER
. BRERFEHAFXAERFEN AOX1 ZEH
TBE5E, Pichia EHRAKYT 40P EA AR
{Methanol utilization plus, Mut® ) il F B F] FH 12 i &
{Methanol utilization slow, Mut") FiFp &R, SMEE R
ERHRUNREEER, TEHE -SRI, B
& HBE Mut” A1 Mut' 8 53 3 3R 58 hTumstatin B9 &, &
BAEXHEBEZH, A3dhF Ma BEEFHAHEEK,
EFRENBEFREFREGRERTE, BRI
£ Mu B GS115(pPICZa-tum)¥E N TE £, X FFIEH
FRAAREN Mot MR TFHTERERSE
MikEZR, AMNEAESHELFPHAE-EKF
HRE BRELFPAEOSERD, HRrEH
HFREABEBEHOAHA R 25 mg/L, I £ Westem
blotting it — £ ik %k, REHAMMELBHXT
wmstatin EE TR AN FBHEETHERHE
#, 5% 8% " #HHEH wnstatin £ E. coli FF
BEASHEEFELAED 202 ML, UESEFHRTE

E. coli P LAELIRIETE A & F B tumstatin X 26 10 H 4

BMEEFEEERhEHEHGLSEH S m R
(5% ~15% )M, LLEAT 25 mg/L KFELIEN=Y
SZALENEEBRE(XPH 0%, ARBIEXRE
AAFEEAREEEN, MAAEREEHHERE

KFEEHEH—LERE.

AXFBRIMEHM ST GS115(pPICZo-tum) £
HEEES R, B YhTum BB KFEARBE, Tk
5REM TR BRINEE P EERY
ENBARA X, pPICZ-tum ¥ FELEFBE
GS115, 3% & Zeocin MIITHER AT =4 MOF L F A K
/0 F ) A pPICOk £ 14+ B 49 B 4 Ji % 1b 56 o B
B GS115 7 MD V¥R L ENHALTF(ERXE
), EmERERBENRALTREAE., B
FHEMEHETEREE NI FEEE GS11S Xk,
100pg/mL Zeocin T ¥ ¥ K & , Zeocin 1F X ¥ 2 |
HREEFEE~E T REREmMEROFMEDE, X
N RBABEFRARATEBEM. Bilt, BEX
# hTumstatin B KRB, B 0T — & A B H PR
T E SEFESEE N BMEENELTI, R
NEERFHEEESENTEEHA.

B FREEAXE mRNA ' & &M AT 583
SRR AR S AR R o Rk R K, BT LK AT
REEREHEAERABEREIRL. FHSHER
B, hTumstatin cDNA 5 th A/T ¥ & &k 54%,
HEEREES ATHER, B, FHR A4S #
RALIEOTRE, XAEERERERKERES
HERZ—, &3 EH RIS N wmstatin B2H %
A/T & BT 30% ~ 55% 38 24 26 s A RE B R
EFFEFBTHEH R A wmstatin EEFBEH R
G owERERE. BN NEEREEHELT
WREEZHSWES REFUHEEH UL F
FEMBASKE BHREEEE pHE FRKE B
MMARESE T mRENER" X e TEMHE
— 4R, LHEAH TREBELAEA hTumstatin
BB RS

FAE ot R, BAEF LT GS115(pPICZa-
wm) RIEHAMENEERFBEN .07, R TH
#HEG,BmA] HEE 73R SP-Sepharose FF i#
TR i, CAM K58 | P B7 40 M 38 5 300 ] S 58 1A
B EERERA LA ERETY
BEAMEEMEFOAFBRKAEREEE . FS
080 O 0 4 P A S R A ot A LA, X
AR AEFBGRARAEBEINRAEVER
£ hTumstatin, @ # — B BEHEELFBETH
FILEOL LA R R P ah B, BT 33047 3 o T A9 0
HE 8 , 23X A hTumstatin ZH8E 1E A HL &Sm0t —
SBRIARREITT TR,
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