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W F NERETEENHIN(TFIDE—-FAEARXRFENNESERAZERREMAY. B2 ETHK
TFP, o (LB TFPL M N AR K W K2 W, 2—RR Pl SRS R R AN EENEAT. U
T2 RE BB pGEM-3Zi(-)-TFPIL Jy BU4R . il PCR 5 3k 3648 TFPL _, 20, F B R 3k BN pPICOK-TFPL, _ o H 45 L5 R M5
GS115. B R FE N AT RREERERF . HRAEFREPREEERT TP, . S84 EBE > 1
RTMBERDS20MHU L. ATHEEREARR,TFPL _,, #1550 TFPL _, (24kD) # TFPI,_,, (27kD) B 4+ FRE R,
HEBAAHUR48M49, BESUAER, —_HAGESTHETFEREH BB AFHTIEHER. 84
FRAPETFEREN MG, A 4L RIS 3% 8 b T 5 513548 1.4g TFPL, _,, (24kD) 1 1.8g TFPI,_, (27kD),
FHTE ST 3 3K 12 8800/mg A1 12 400w/ mg. BI M Bk 55% . AR BHBENBEHEHNEAEAKHERN, B4
TFPI, . RE RFRPIERIM FXa TGHEMER. RESAR TP, _ BET -HEMARNBaRBHAT

AR — 2 i B Bl B o DR R B T

*Iﬁ ﬁﬁ@?ﬁ&mﬁ%. TFPI|_|5| ’ iﬁ’ gﬁﬂ:. Pichm paskms

FEAXS (786 LWEFEND A

HHEHFHEZWTY (tissue factor pathway
inhibitor, TFPI) J& — B & 1§ X 88 77 76 1 51 8 o & 1
EEGEREMHY, BT Kuniz REABNFHAE
K AR EAGEK 276 HER, LA 3 1> Kunitz B&5
HEE, 0 N NRB] C IR BIFRE K1ILK2.K3, L N &
ABUEERER . CHRENBHERER. A KT
LS5 TF/FVIa B FXa 854 W LS4, K3
CEMKSBS TFPl R ER B EH" 4,
SREKEEBEH KEEEEQAZERAXER
(LRP)#1 CD14 Z 4y FEAD- R SR =M%
Ri. 8RR TFPL . {XU$5 TFPI Y N R ¥ . K1
MK2 W, E - MF5 TFPI MWESH S ThEER
B> F. HAFEERRK EREM Y
TN R AEEnRmEHXEROEE
REBRENCH, A XERRE TFPL_ ER. %L
B rrEel b ARAEBEE ARG DHE
HTREEAMNEREL S8LEBRLATRAETR

e HR B 30 :2004-04-08, 8 ] A 3] : 2004-06-16,
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BER20FUEY A RBTAHES FHEFHA
MEB, N TFPL_, K3t — 2 20l R 6 R BT oF R R
ETr—aRNRANEARREALT .

1 #afayk

1.1 ##H

1.1.1 ﬁﬁ—ﬁﬁﬁk%ﬁﬁDﬂSaﬁ*iﬁiyﬁ
e mA TR AR pGEM-3Z1(-)-TFPl H ALK ¥ #H
;5 R M GS115 M F AL pPICIK Mg A Invitrogen
27,

1.1.2 A . Hi 4 K G418 W H Promega 2% 7 ; DNA
EERp . INTP MEBREEAR;REEAY
B5.T4 DNA ¥ ®M A NEB AR iEHERAN
& .DNA ¥ 1 [ Wil 0 & W B 4 5 2 7 ; Tryptone .
Yeast Extract.,Peptone ¥4 B Oxoid 24 7l, BHRER
B &8 8 BioRad 24 F]; %A TFPI £ W
H ADI Ad] ;54 B TrPl AL R FRA 4k 7

EEIE BAKARPFES(No 2N T LM E AR HRER £ (No.034319205) F 8

= BREE.
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1.1.3  {%38 :Model 111 Mini IEF Cell %5 i J £ L 3K
{X ¥ B Bio-Rad /A @] ; GenePulser | B F LXMW H
Bio-Rad 7\ 7] ; ImageMaster VDS Bl R A T RS WM A
Pharmacia Biotech %% &) ; BIOFLO 3000 5L X BEW H
NBS /7] ; PrepLC 4000 System EH R AL ZHEMH
Waters /2 7] »

1.2 Ak

1.2.1 HEEFREERIERN pPICIK-TFPI, _,, : B
SRR SRR pGEM-3Zf(-)-TFPI MR, AL . F#siH
iEf PCR ¥ 1% TFPI,_ B, RMFH 94 CEHE
3min; R 5 94°C B # 40s, 40°C 3B K 40s, 72°C ZE
60s, 1T 8 IR RG 94CAH 405,55 CIB A
40s,72°CIEH 60s, #H 1T 25 TRF; B)g T2CEM
5min, 4 C{RMR . PCR =il EcoR I 1 Noe I B§1])
A5 pPICK HEEA  RURZZXKBHE
DHS5c. BkPA ¥ 7 Bl $8 J B J5 34T EcoR 1 1 Not
I MBI % E,HME DNA S, EARRGEN
pPIC9K-TFPI, _ 4, o

¥ 31 ¥:5-CGG GAA TTC ( EcoR I ) GAC TCT
GAG GAA GAT GAG-3¥'

T# 3. 5-GTT GCG GCC GC ( Not 1 ) TTA GGT
TCC ATA GTT ATC-3'

1.2.2 BHLEAED GSI1IS RFEEE TR
Tk 2 MR Invitrogen /3 &] Multi-Copy Pichia Expression
Kit 378 ¥ 15, fH Sa 1 85 U0 F 4 B K pPICIK-
TFPI,_ . HE2 &KL, 2B/ RAMHE.ZHI
AR LBRZT TR REDT GS115, 855
B E 1500V, B2 25uF, B[ 2000, 3% 7 MD &,
J0CHEIEF 48h, PLPTTRRBEEMNE 96 LA
BEWR,.ERFALE S EMEF 0.1.0.2.0.4.0
g/L G418 B YPD AR I, 3J0CHEIE K ER LB R
%,

1.2.3 PCRELEHLTFRB . EREE ca1s-
YPD FAR E R R (4 100 4 ) E 2040
0.25%SDS I P, BSJ5 0CH#A 3min, B.LJ5 M
1pL FEERSE, B L . THIDHET PCRRE. R
Wik £ 50uL, & 1%Triton X-100, S F A 95CHE
# 2min; 95 °CAE ¥ 605,55 CiB K 60s,72CHE{# 120s,
AT 30 NG B T2CEM Smin, 4 CHRB. 1R
EPCREFLE CTHA TR, (N B — & (492bp
WA EEE R B)E T A HEE (M),
W (LREFR 22k ZH)EIHHEMHRA

(Mut* ),

%351 %:5-GAC TGG TTC CAA TTG ACA AGC-¥Y
(5’ Aoxl Primer)

FT#SI4:5-GCA AAT GGC ATT CTG ACA TCC-3'
(3’ Aoxl Primer)

1.2.4 EHFBEHYBIRAIEBEAETE TFPL_4:
PeMw RIEEN AR ZERMNE SmL YPD 3
W, 30°C,2500/min IR G IEFE 12h, WA —BHT
B H—EBFREMNZE 200mL BMGY B FHH P,
RGEFE 16h, E ODg =5~ 6, LA _EFFH.
B_ERHTRERZT LML ESERBD A
%FKEAYpHES.0, RERKEHERAEMH RE
30C, B B 6000/ min, B EF 35% ., ASF MK
KR pHS.0, ZKZEHEFE 18h B 0Dy =70 ~ 80, %
HEERE LA EFAPHMER AR M
50% H i 75 W, 3 ¥ 80mL/h, B JA] 2 ~ 3h, ZE ODg, =
150 ~ 160 B &% 1k #h o H b, 78 3 58 £ #E R B L B
23h 40 B A%, 3 30mL/h, B E] 30h, G EEEH
B B LHELE, BE4CER,

1.2.5 EH TFPIL_ Mt AEE . BOREEH
BEH, BB 10 5, #4T Sephadex G50 BEK it
TR, F 9598 K 36 % 8 A 20mmol/L Na-PO, pH7.0,
W SmL/min, 8 B W E O BB EA 6, RE T
FEFX#mEWN, EHHE Q Sepharose FF BisEF 20
% 4K B - 45 ¥ (20mmol/L. Na-PO, pH7.0) T #,
W Sml/min, LS RGATHBEMPREREL. B
JB ¥ ( 20mmol/L. Na-PO, pH7.0, 1mol/L NaCl) £k #:
FBEYEML , X B NaCl B5FE 0.1 ~ 0.2mol/L, YXEEBER
¥4y, Fl Bradford I TR E &, 8 15% SDS-
PAGEHR K, XD R M6, RS WEE. #
Westen Blot it — - RiE AL BHEL.

1.2.6 SHREMK: SR Bio-Rad 24 &R, H
A& PHEHE R A Ampholine(pH3.5 ~ 10.0) KM HEE
VIR BER B B, SR 1uL(1 ~ 2pg) , ERME Smin,
FHRSEIEARY., KKEB K 100V, 15min;
200V, 15min; 450V, 60min, & £ 30min 5 ¥ S §i X
BRa,

1.2.7 ¥ # & i 8 )7 B [8] 3 (diluted prothrombin
time , dPT) ¥ W 4 5 75 ¥ - Al 45 3R /K 45 5 I 86 308
B b7 HEVE W2 B9 B 10,100,200 70 500 1%, B 37C
M. B 100uL EXARS MK, 7 5)m 100uL &
fr] o BE &% %€ 0 B9 B 75 B U5 MK, AN 10uL TFPI X
TFPI, . ¢ ¥ W 3 243K BF 200nmol/L,37°C#EH 1min,
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10pL 250mmol/L CaCl, ¥ ¥, ¥ ¥ ¥+ B i 3% BE [ Bt
l,B 3 KERFHECHERER,

1.2.8 0H FXa SR M : 2 B Johnson F /I 7 3k
HEFESZERE, X TFPI F#HE X H 1wnl,
TFPI &, TFPI, _,, % # il TBS (20mmol/L Tris/HCl pH
7.8,150mmol/L NaCl) ¥ Z A R ¥ BE , 4+ 5040 100uL
F96 FLAA ML E 4, 0 100pL KB ¥ (100ng/mL
FXa,2g/L BSA,TBS),37C# & 30min. M 10pL R
JEY Spectrozyme Xa EZ& ¥ F 0.25mmol/L,37CHH
60min, 1l 50xL 50% Z B ¥ M4 Ak AT , K34 405nm
B, 3 AL HEIRAERER,

2 % R

2.1 HRFEFRN pPICIK-TFPL, _,,

L3 B BB pGEM-3Zf(-)-TFPI A #4R , & PCR
$-1418 ) TFPI,_,, 2B DNA K Bt K 506bp, B3k 4
¥ R BR1E 400bp ~ 600bp ML E H R AW, 5
MHBKE—(E 1A). PCR =4 & Ji R pPICIK
% EcoRI M Not ]| WY G A, EARNSE
MEESHBKESHERLTN -3 (H 1B), BEHFR
FASMERREER(BIERER) . WEHRKN

fir 4 4 pPICIK-TFPI, _q, (A 2) 0

B 1 PCRY ¥ TFPL_ REAERIEE
T4 R pPICOK-TFPL, _ g
Fig.1 Amplification of TFPI, _,, gene by PCR and restriction
enzyme analysis of recombinant plasmid pPICOK-TFPI, _
(A) 506 bp DNA fragment of TFPI,_,, gene obiained by PCR; (B)
Digestion of recombinant plasmid pPICIK-TFFI, . ¢y by EcoRI and Notl

2.2 SEAMABEREFHRENEE .
BHHATY A8 RN EB SR K

ERMKEIEMX, EEEREE G418 YPD TR

FAEKMPRRRSHESHIREAZNE NN,

Amp* PpGEM-3ZR-)-TFP1L

TFPI
Safl
l PCR lEooRHNotI
Amp*
vy pBR322 ori
'!'FP’!'_lﬂGm B
"AOX! primer
EcoRI+Nodl PPICIK EcoRl
Kan® -Notl
IAOXI primer

2 HYERHE AR A TR pPICOK-TFPL,
Fig.2 Construction of Pichia pastoris expression
plasmid pPICOK-TFPI, _,,

A BAERMNELR, AIRELAT> 4
Mu® #1 Mut® BIFRE, —EXNPREOMAENSR
M, EEREREHFEHREN. A 5 Aol Al
3'Aoxl 51 PHEFY PCR 58 , Mut” R B &H,2.2
kb %f 57 BF 4 B AoxI % 4,978 bp ¥ B Fi R pPICIK
FE%1 492 bp i A b P 3£ 5 486 bp, Mut® B B F
978bp — & (A 3),

3 PCREEEMBEHLTHER
Fig.3 Phenotype identification of positive transformants
of Pichia pastoris GS115 by PCR
1: DNA marker; 2: Mui® transformant; 3: Mut* transformant

2.3 RUFHERERNEAAE
B Mut® B2 0 AR T EFE YPD B3
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BHE_RRRKEHFIBERBIEHB S, HE
FHREOh EELOWERF ELF, TFPL_, k&
H TFPI, _, (24kD) Fl TFPI, _,, (27kD) B§ # 4> F &
X, CFEREHKRMHFAI N 4849
(EH4), RESHEAER, —EiExd Q Sepharose
FF BAE F3C 8 ZH718 P 53 B8, NaCl 45 BE ¥t 1 3 B 47
%139 0.18 mol/L # 0.13 mol/L, KBS .5
T B FXBRaBAME N4 L EREFRE P
4y 91 4K 18 1.4g TFPL,_,, (24kD) i 1.8g TFPI, ,,
(27xD) , EIC R 3k 55% , G AE X T 95% (H
5A), Westem blot #F— Rk TRAALHENE
H(H& 5B),

- “TFPI, 1, (2D
ars—. . e

TFPI, _ 1 (27kD) S H 15
Fig.4 Detection of iscelectric points of TFPI, _,, (24kD} and
TFPI, . ¢, {27kD) by isoelectrofocusing electrophoresis

w 17 2 3 4 w 1 2 3 4
974 — === 18—
662 — — 85—
43,0 — w—— 8=
0 — 32—
01— kg 2o ) -
14.4 — S— 19—
A B

Hs5 &EH TP, R EE
Fig.5 Punfication and identification of recombinant TFPI, _,,
(A) 15% SDS-PAGE; {B) Westem blat,
1: protein marker; 2: after purification using Sephadex G50 column, two
protein stripes, 27kD and 24kD, were shown because of different
glycosylation; 3: 27kD protein obtained by Q Sepharose Fast Flow
chromatography; 4: 24kD protein obtained by Q Sepharose Fast Flow
chromatography

2.4 dPT EK M TFPI,_,, &K
&€ 1 K% I B (8] (PT) R 5T Bk A1 ¥R 4 B 1l % 42 95

B EMFEEG PTEL PTERFERHRE
B MBS E AT M R B TFPL, TSRS ¥, B4

RTFPLER MR F. &1 BIEERB TFRL
(24kD)# TFPI,_,, (27kD) ARG B E L EE #, 3
BREEMNMEESBHREEN N, HEEHERAEMN
g, —HEZHAEXHER EYRKTHEANR
TFPL L8G4, 5 iR EmE .

#1 dPT A8 TFPIL,_, i EHE
Table 1 Anticoagulant activity detection of TFPIL, _,,,
and TFPI by dPT assay

Clotting time/s
Dilution times of

thromboplastin Physiological TFPL .1 TFPL.
saline (24kD) (27kD)

0 13.4 17.9 14.9 15.3

10 29.1 45.5 32.8 35.2

100 50.3 100.5 75.4 74.6

200 67.7 142.8 106.1 103.7

500 84.5 189.6  137.2 142.4

The final concentration of TFPI or TFP], _ 5, was 200nmol/L. Data were

given as the mean of three measurements.

2.5 WH FXa iSERN

FAEBKEYERM TFPL_ W5 FXa B, &
XS EZE MK TFPI E#H A lw/mL, 4 & TFPI
ER X B4 F, £ TFPI,_,, B FXa ¥ N
100% , N7 5] 3 B TFPL, _,, /5 B M 405nm % 6B
R R FXa Wtk B 6 Y] TFPL_,, (24kD) W
TFPI,_,, (27kD) 35 E B E M FXa {E#, 3¢ 2 BBK
BXR, _AFHZALEERER BHETEE
A TFPL, TFPL B TFPI,_, BISFIEME R 2, QIS
HONE R BCK) PO E (G, BB TR 2

120

100 —e—TFPI
F3
2 —i— TFPl;. 5,(24kD)
Z ® —8— TFPI,.,,(27kD)
: 60
ot
>
(LN
E 40
ég 20 = |

0 é :i 6. ’8 ]‘0 I.Z 1.4 1)6 I.s 0 2 4

Inhibitor concentration/(nmol/L)
B 6 TFPI,_ . # TFPL D FXa B HER M
Fig.6 Inhibition of FXa by TFPI, _,q and

: TFPI in a direct amidolytic assay

The final concentration of FXa and chromogenic substrate were 50ng/ml

and 0. 25mmol/L respectively. The FXa activity with no inhibitor was

defined as 100% and the residual activity was di ined by absorb

at 405nm
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B W% EH TPPLBA RN TFPL_ AFEFABRETHEARIRIEEE 041

#2 TFPL_,,# TFPI P FXa SRR M
Table 2 The Characteristics of TFPI, _,,,

and TFPI for FXa inhibition

TFPI TFPI, _ ¢ (24kD) TFPI, _ i (27D}

Specific activity/(w/mg)} 18440 12380 12400
K;/( nmol/L) 0.24 0.61 0.68
ICsg/{ nmol/L} 0.82 2.04 2.15

3 it #

BE 10 7% 22 43 Y DR B O o A 0 S/ 4 o i
7 BAmEEREAVARESE RS REEEE
Ak o 95 B 4 B o b 5 B EEMB A, TFPI R S
BROEZ2HERENRHY, HIEEEH, X TES
C HLBE R LA Scrpins MW, TFPI R EEE M E
YWIR'" . BRITEEMEAS, TFPLE RS LY . MR
0 e R0 N AR A U AW P B A B R R
Seonpe v v, L B i B R AR R
S ERHAERIIE. XEHENREYE K K3
MCEE. TF X EFE S K3 CEKRSHAKE
HZE LRP & & ARAE, ¥ EMBEE, FAAE
EEH BEESREOEFR RN ES, A HTF
WPER A, TFPL_,, 85T K3 1 C K, ROFIA
TFPI G M S e R A B X R B B4 1,
i R K, £ R, o i 55 R B R 0 f B B
REAG, - BB — PUBRfE s Mt R
TR ERN T mREEEEM, O
3% TFPL, _,, I RIZAAL, KIGKE TFPL_ R EE
B REMENENTRGE, AT T
TFPI ZiH 5T RETT 5T . .

B MRS MU EERRER
G, EARELFRYPZEBEAS TR EH AR,
BEYRESHAY , m A REA#TMT
2. RFEEMH, LSRR e
EMEHEAREANBRELEARRERL EL
WUTAREBEOR™ 2 -FRIBENEAEEAX
ERGE, CRTFPILA 3 B EAMA, 452
117N, 167N, 228N, b Fi 4 W% ¥ ¥ Antheprot v5.0
itH TFPL_,, MBI 5 T E A5 18.8kD, Johnson
TR F K TFPL_,, , th TR AL
AR, EAEARN NS 23kD 1 27kD W F 5 FH
A, AKEME TRELER,TFP,_FEFES

GS115 Hp3&3E 4 TFPL _ , (24kD) 1 TFPY,_,, (27kD)
TR, SRMHSB A58 4849,
£ pH7.0 %44 T, F Q Sepharose FF BB F3c 8 Z#h
EERFHME _—E0EF . HEXTF 5% LIFEES
$3% 12 880uw/mg H1 12 400w/mg, B H B E KB X
WH FXa HHNEH. —EHEEIRTHEARD
TFPL B b Z B X% 7 , %R K1 1 K2 #F,K3 #HI
CERBREFISETHERDHE FXa BEMEH,
AT TFR A EREEYEH . RN, BREABE
MEFNEGHEALEEES., AWRELHELSE
N TEELEREFRAE ERAEERRS S
HARIET TFPL_ 0 M4 Tt B FR PR K 0]
K18 1.4g TFPL,_,, (24kD) 1 1.8g TFPI,_, (27kD),
P ERK 5% RATRE TREMSEN 20 5Ll L,
RET—F MBS TFPL_,  REELE TR, N
i — R B R T R BE T &6,
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High Expression and Characterization of Recombinant Deletion Variant
TFPI, _ y5; of Human Tissue Factor Pathway Inhibitor in Pichia pastoris

BAl Hao MA Duan® SONG Hou-Yan MO Wei GU Yin-Liang KONG De-Sheng GUO Hong-Shen
( The Key Laboratory of Molecular Medicine , Ministry of Education, Fullan University , Shanghai 200032, China}

Abstract Humuan tissue factor pathway inhibitor ( TFPI) is a native specific inhibitor of extrinsic pathway of coagulation in vivo.
As a kind of deletion variant which only contains N-terminus, K1 and K2 of TFPI, TFP, _ 4, is an ideal control molecule in the
research of structure and function of TFPL. In this article, we not only investigated the methods of expression and purification,
but also detected characteristics of TFPI, _ 5, . Using plasmid pGEM-3Zf(-)-TFPI as a template, DNA of TFPI, _ g, was obtained
by PCR and cloned into plasmid pPICIK to construct expression plasmid pPICOK-TFPI, _,g . By force of screening mulii-copy
iransformant and eptimizing ferment eondition, TFPI, _ s was highly expressed in Pichia pastoris 63115 for the first time and the
final yield after punification was increased more than 20-fold comparing with Saccharomyces cerevisiae. TFPI, . 5, was expressed
as two different molecular weight proteins namely TFPI, _ ;4 (24kD) and TFPL, _ 4, (27kD) because of difference of glycosylation.
Their isoelectric points were 4.8 and 4.9 respectively. They were separated according to different iscelectric points using anion-
exchange chromatography and had similar activity. Approximately 1.4g TFPI, _,; (24kD) and 1.8g TFPL _ 4 (27kD) was
obtained from 4-liter fermentation culture after purification by ulirafiltration, gel filtration, anion-exchange chromatography . Their
speciﬁ;: activity were up to 12 880u/mg and 12 400u/mg respectively. The rate of recovery of TFPI,_, was about 55% . The
recombinant TFPL, _,; had good anticoagulant activity in diluted prothrombin time assay ( JPT) and anti-FXa activity in a direct
amidolytic assay. The expression and purification system described here provides a cost-effective method for generating large
amounts of material for further fundamental and preclinical research of TFPL, _ 4, -

Key words tissue factor pathway inhibitor, TFPI, _ ¢ , expression, purification, Pichia pastoris
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