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T F VR L2 L WIeEEE o5
—T7AF T oVETORF —PBHEBEESEDIER L ik —

GRRFEEMEEHAREEZRE (EE B REd8)
m f & X

TRFLIVERELE O X —YBHOBEEGEREERL, RBREN 717U o0y MERRRBLUS v MM iiZe
RRAMTEOMBEOMRERF L, BERT A% DVONKRT 3/ B% 6 BFE 8¢ (Met-Ala-Cys-AspHis-Ser),
5iZ Cys316 % Ser IZBMR AT HAF Y O VERKLAGE TRE SR, Y03 F—UBHIZOUFF— 5T ABS %
DLRIVANT 4 FHEGERENICBRECTHEL. SO ICBLN-IHENENEY VAL T 1 FiEATRIGHREN L
LEBEROICTELNE ] | I THRELZEAFELEL. REARIARBEI N LTy O3 F -V L ASOMBELEH L
FLTIRAI Y ER AT R F - ERSEOFERER L. SOLEAEAKIE T+ A7 7 F VMY VA ST
SRR LT A F 2 v VERABOMERERLE. INOOERPCEA AL R TAMEREIE VAL T 1 NS
LARBHROLFNEFNOEBFUEARBLCOAZEPFHEOM IR o7, REBENT 4 7)Y 70y MABREY HLTHES
EOMBFIEREE IO+~ Y ERBL MR, AECEREOLNE o7, 1, T v MHEREMRBCHE0ORIAEN
THBL R, MWPEEHICEET 2V 2 2b 6T, BBEERESENFN YO+ —F D 3105 4 EEd o 7.
INOEDERPLT XL V) VIREEEMBRAND TSR I )X VT o FR—7 —DEMLICERTHY, BonHe

HILREACOH L VEFICERT 2 THEMEIRIE & h i,

Key words fibrinolysis, annexin V, urokinase, phosphatidyl serine

BE, WREMEEEICY OFF —F (urokinase, UK) <24l
TIRI)Y YT 7 FN—% — (tissue-type plasminogen
activator, tPA) 4 SR STV 55, mgiosd3 5 B
AR, MAEErEV DI KBRE R RELCSN, &
BUEOHMAHEL 2> Twad, ThODBEEHRT L0
WA T A ML B0, MR rEE X7/
BRIOWRPFTHLNTVE. FLVWRERELTYyOx+— ¥
DHERETH L —KPE v O+ —ERMFI 232 ¥ 0T 7 F
~N— % — (single chain urokinase-type plasminogen activator,
scuPA), Bl% 700 %+ —¥ (pro-urokinase, pro-UK) 75
A3/ VERAM LT MEF-EOFEUNESKRTH D
APSAC (anisoylated plasminogen streptokinase activator
complex) DHEFRMH SN T A, tPA % scuPA DZERKP N
170y FEAEWEE (ESR, 216 OMEEEIHRE &
NTWVBY, E6I27 47 rRfi/MEOBREEEIZT 5H
h% scuPA LLEMICHA S EL-F A SERRRMBICH
LTHVWEMELRL, SIBEEEHRLALBESIAT
AP '

TAEYVEEOMBIFET AT AF LY 77 31 —
DHTRSSERIEFEL, 20 VIRE~NOBEMEI RS My
Ca” IFED ) VIREMEEAR THE. 7% L o DEHE
RE LTIEMERER, MR arEm, Mmegis s M

R84 9 A26H %A, FALS F£10A29A 1

HEEHOEMEBESEIHE SN TV B2, FOEOEREH
ZOWTIABHSL TRV, TRF L O VIERMEN%
WU RV — 2OPEEALI /MR IZ R AT 5. AGF
ENEKmT7 I /B (Ala) 70y 7 EN3190 7T 3 JEENO L
D, T8 36kDa, FESHL TRV ALT 1 FEALEERL
BMEAETHS., 72F2 UVIET0-800T7 3 /2 &0
DLYELMEENEIRT & LS 2 500, XIS
nh, FLOBELBEEEAEDDa~N) v 7 AL Sh T 1
AL UBEERETAIEDbh 72, THRF 2 oVIE Ca #
EWAPFET 2 M0 TFRET Ca* 2/ LT SRR L &
HLY, NE#G 7 v ¥ Ll (~16583) ISR RS Ak ost
HIZHFETD. 7ARFIOVIE) VIRECH LTRGBS
Hybe MREHETH Y, BHESMES IRREOILE
WAL LR FTHLEEDRENS, )V IEE~OERALI R
BLHEATFHS LAk, TRHOFMEEMSITS L2, &,
KEMRN B & CBIRBIIRA A 2 ER L 2B 7 4 %>~
VEBRAESTD &, WTFROBEI0S MBI RBIRA I ERK
THIENFRES P

TUFF - B —RPETAFEERO scuPA & LTHWEhD
MIFYUBOR) r a7 -8, MigEN) s L4 rRT
FAIVIZE o TAEWI A S iE I ER 2 59, 5K
BIETAREDP LAY, ABIINKH» S 222 + (24kDa)

Abbreviations : «; -Pl, «, -plasmin inhibitor; BSA, bovihe serum albumin; DEAE, diethylaminoethyl; DFP,
diisopropyl fluorophosphate; DTT, dithiothreitol; HSA, human serum albumin; IU, international unit; scuPA, single
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<, BHIICKMOMEEEREA T 522 v b (30kDa) TH%.
IREHTARDNTF FIZAHO Cysl48 & BEHO Cys279 T4
FHIALT7 4 FREGILL o TEBS N TR, yoF
F-¥RTIRIIFETIAI L ERTABETY, &
BL7ZTTIAIANEN T AT DEMHEE S, scuPA I
BULALS 747U P IZBMENH D L VbR TV B,
mOFF BT AT IR EA SRS LRV,

AHRTIE) VIR SRR HOT R R LVE
v O%F— YBME KA SELH L OREHOGRERL 20
HEIZ2WTHRETS., ZooT-ofEr 1 IER LU/,

ME B L UHE

I.# #

¥ a1 ¥+ — - (150,000 EBEHAZ (international unit, TU) /mg),
Glu-77 A3 /4% (25.1 ¥ 1 » B (casein unit, cu)/mg),
P ¥ Y (1,000 NIHZ= 2 b (unit, U)/mg), 747U /47
v, B ME7 V7 2 2 (human serum albumin, HSA) 33 F
VAEi s (RIR) R L. 7R3 oVIEEitEe ME L
DEESR O CHER L /2. DNase (10U/ml) & Boehringer
Mannheim 8 (Mannheim, Germany) %, YF#+ AL 4 }—
) (dithiothreitol, DTT), ' » ¥X-100, VA — >80, 1+~
1y, Tr¥EVY Y, RFASF >, A RTFv, Tt
uly BT 4 7u ¥ (diisopropyl fluorophosphate, DFP) &
Sigma #1384 (St. Louis, USA) # Wz, Ry¥3Iyst77n
— X 6B & Pharmacia #1: 3 (Uppsala, Sweden) % Fv:7:. Zefhit
# Glu-Gly-Arg-pNA (L-glutamyl-glycyl-L-arginine p-nitroanilide,
S-2444), D-Val-Leu-Lys-pNA (D-valyl-L-leucyl-L-lysine p-
nitroanilide,S-2251) {& Chromogenix ##¢ (Molndal, Sweden)
%, WHEY Glt-Gly-Arg-MCA (glutaryl-glycyl-L-arginine 4-
methyl-coumaryl-7-amide, 3097-v) (&7 F FRFFERTH (ABR) %
Bwiz, EAEOEMEIZBRY I -7, SERENE U)H:
BEEMIE, 7170 24y (10cpm/ng), U F ) -
(7,50.>cpm/ng), v 0% — B (9,428cpm/ng), HAMK
(3,780cpm/ng) TH ~ 7z, HEHBHIEF v b BCA) &7 VL
77 3 (bovine serum albumin, BSA) i Pierce %
(Rockford, USA) # , L-7 B A (¥ Gibco/BRL #t #

N-extended annexin V

H2N-Ala-Cys-Asp-His- Ser—Met Ala-Gin----Leu- Ser-Gly-Glu-Asp-Asp-COOH
316

s
\ Total 578 residues
S\
H2N-1le-1le-Gly-Gly------ His-~----| Asp---—~-| Cys----—-! ser---—-- Leu-COOH
159 284 255 279 365 411

I B-chain of urokinase l

Fig. 1.  The structure of the annexin V - urokinase conjugate.
Selected amino acid residues are numbered according to the
sequences of the native proteins. The residues in the
extension and mutated in annexin V are indicated in italics.

(Gaithersburg, USA) # w7z, ) YJBE L Sigma L& h A
L, 74#2X77F YNVt~ (phosphatidyl serine, PS) . 7 + A
TrFINI) Y L THRTTFINIY ) —NT I (2
2: 1) YRV —2% Meersb DFETHEREL, FEIHY
By 7 &Mkt 7 7 92— X 6B (Pharmacia) 24 v 7Y &~
VAN AR

I. 90%F—tBEOE

¥+ —+¥ (36.9mg) & 90ml ® 1mM DTT, 20mM X >+
IV VEH 100mM ) L ERRREIR (0H 7.4) 125 %, 37°CT0
SEREL O, ICRE L. RIBRET % 0.4M NaCl, 0.05% NaN,
#H 20mM EEEERRETE (pH 4.0) CTEHF{L LIz A——F 2 A
G255 A== T7 74 HTh (ES5XES 12cm) TER IR
L7z, BHEES % 1N NaOH THA L7227k, NV ¥FITy—
7 70—X 6B HTL ({%16XES 5em) WML, Kk
ZO 7%+ —EAHEE 50mM NaCl, 0.05% NaN, &4 50mM
Tris #E % (pH 7.4) ThFER, WE LU+ —UBH%E
0.4M NaCl, 0.05% NaN3 &4 20 mM E:EE#E7 (pH 4.0) TH
SLMSEL L, Bohiyox - — PBHMISHREKT T—
20CCHMRA LA &, WEITZhFN 10.8mg, 52% T
Ho7z.

II. NR{BET

ES

FFT7AFT VD Cys316 O3 F o % Serl2BH LT 4%
L YVERMKD cDNA (PANXVC-S) #1F8 L7 ATG 2 F> D
M ATIC Ndel FEASSAZAEAL, #1k3 F oy OE#IZBamHI &2
AREAL A A L7z, KIREIT A% & VO cDNA (pPAP-1-1.6)”
EHELE LT, ERLAZ20F) T2 7 LEFF (5 g gaa.
ttc. cat. atg. gea. cag. gtt. ctc. aga. gge. act. gtg-3', 5' -cge. gga. tec.
tta. gtc. atc. ttc. tec .gga. gag. cag-3') % > T cDNA (pANXVC-S)
T PCR RIBIZE DB{IH L7, #5172 ¢cDNA % pETI2a
(Novagen, Madison, USA) @ T7 72 E— ¥ —FE D Ndel &
BamHI @7 00— = » Z#IZHFA L 72, KiZ, Met-Ala-Cys-
Asp-His-Ser * T— F§ 54 TR 7 L4 F F (5 -t atg. gea. tgt.
gac. cat. tc-3') & £ DHEHIRLH] (5' -t. aga. atg. gtc. aca. tgc. ca-3')
L7 (Ndel YIMF R mATARAIZ M B). Y R 7 Lk
FRETZ—LL, HoHN/TEERESHH LS Ndel Tk
L 72 pANXVC-S 129 A L TpANXVC-S-N6 % 747>, DNA fc 543
HiT, A7F AT FIZHMOLREPELHAZILTRE I L
AR L 72

WY 72 v 7 @20) (X DiEHIbs s AP, 7HE— Y~
DA FIZ T7 RNA K 27— ERIZT 5 #D pGPL-1 7' A
I NCIHEIR L KIBRE K38 27 2 v b v REEER AL
2298 (Seattle, USA) @ Dominic Chung 18- & ) {5 & 417,
{ERL7:77 X 3 F (pPANXVCSN6) TZ OKBH K-38 2 Y
iR L2, BOoNCHRERME CREDT I A 3 FERRT
%) %30CTT2%L7OA, 25, M7 yEXY >y, 25uM % F
YA e g 50mM ) Y EES ) 7 L8R (pH 7.4) 3,000ml
THEFE L7z, ARG (ODw=0.4), ¥#7 5 X I %42CORE
200 LCIREY a vy 7 &5 %, S5I237CT2RMEREY
Wl 2%, WAEEEINL —20°C CHARAE L.

Bl L 7-# k% 10mM CaCl,, lmg/ml 24 X7F >, 1

%S LVERKE (72% Y V-N6) O

chain urokinase-type plasminogen activator; PRP, platelet-rich plasma; PS, phosphatidyl serine; t-PA, tissue-type

plasminogen activator
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mg/ml RT A ¥ F >, 0.1mM DFP # & &r 50mM Tris SEE K
(pH 8.0) 100m! (2B L, KB T CTHHMESTHOE L. &
WL 519 DNase (10U/ml) & 0%, Bk TL05 M WLHE L 7=,
WL DR RN L, 8M R, 0.1IM NH,Cl, 10mM EDTA,
1mg/ml 7R ¥ F », lmg/ml & 1 _7F , 0.1mM DFP % &
{r 50mM Tris #75# (pH 8.0) 70ml T7 # % ¥ ¥ VN6 i L
Jo. BOZE D BiEERENLL, 0.1mM DTT % 450mM Tris #
i (pH 8.0) T2 AL, 4 CT2HMKRELZ. F0ik,
0.1M ) B b U 7 AR (pH 6.0) 150ml, 500ml, 2,000ml
TIHREH ZIT -7, ENGBERESZFNVT I /250
(diethylaminoethyl, DEAE) -t 7 7 O —X 41 7 4 (1% 14X & &
18cm) (& S, 0.IM V) EF MY Y 2B pH 6.0) T
PR, 055 05M @ NaCl (2L A EHBABETCHER L. &
ST OB M 2 W E LiRTEE S & AL 72, 80% SafIi R
THEEH S LB S, LE% 4 ED150mM NaCl, 10mM
DTT &% 50mM EeEE#R1GH oH 5.6) (B L, 77 F 2 2
G-75 417 L (IE25XEE 90cm) #HWTDIT* & v EE
FHECYIVIERET 7. TAF L » VN6 IZFLViEE L TR
—¥—27 & LTHH &, SDSPAGE T 36kDa MD¥—7z N
Y RFELTHENS N7z, 3,000ml DEERIE D S ORI
35mg Th -7z,

N. 7% > V-N6/yOF F—FBEES RO R

T4AF Y VN6 % 0.1mM DTT C 1 BefLsig, 7757
JRAG2 A=—N—=T 74 rhTh (B5XEE 12cm) #HwW
T 50mM NaCl &7 50mM Tris #&H i (pH 7.4) THE L. v
0¥ — YBHORFER L BEME, MBOTNBEYEELTHRE
L7z, 7%+ —¥B#H (0.69mg) &7 ~F ¥ » V-N6 (4.5mg)
% 20mM X322, mM CaCl, 50mM NaCl & %50 mM
Tris #REK (H 7.4) 4ml (ZEMR L, BOMITHIEL 257537C
TG SE. RICRERE ) BV L5 LD T4 (B
1.6X & & 2.7cm) 22F, 2.5mM CaCl,, 0.5M NaCl &%
50mM Tris &M (pH 7.4) T#EL, 2.5mM CaCl, ¥ 3mM
EDTA |Z@B# L 7= ECHM Lz, 5 noiiBis % X
YHIYr -7 7B T L (fEIXEE 2.8cm) 224,
50mM NaCl &7 50mM Tris & (pH 7.4) THE L, 20mM
NIV EHORBERTHER L B LA KRDIL
#i 047mg T, EMEEOKBIEMEIZ L 2 EL32%TH -
7.

V. 7% 2 V-N6/Y O % F—EBEESHEOMIRSH

L. AR o KAE

BWENK, YO0XF—¥B#B LUy 0+ —YOKFEME
B EE Glt-Gly-Arg-MCA THRE L7, &H Y 7N %0.4%
HSA, 50mM NaCl, 0.05% NaN, &% 50mM Tris #& & (pH 7.4)
T 30-1,0000U/ml i27% 5 K ) ICAM L7, 50ul <420
45 —7L—MRML, ABEHERT 0.5mM EREICHEML
FRE 50p1 & HIRT 5 MRS & €72, 50%MEME 50 1 1T
IEE %, 7 aAFy T (KHARERREH, K
) & BV CHhEEE 355nm, #¥EH R 460nm THlE L7z,
FMOMETIE, voFF—¥ivnoEF - VBHOEEY
SQUATRE L7z, H > 70 35 12 80410 0.1M Tris #E 1
i3 (DH 7.8) HNA 71, 261 2041 @ S-2444 (10mM) %N
T, BRTSAMIUE &7, 0.2M © 2 T B 1ml 7ML
TG % 1k® 727, Thermo max microplate reader (Molecular
Devices, Menlo Park, USA) % BV T 405nm OBRGREE % 8lE L

7.

2. TIARI L OEML

BEROKMIEEAS2251TER L 2%, 1.85nM 1235 |
7z. 100mM NaCl, 0.1% ¥ 1 — > 80& & 50mM Tris #E## (H
80) FTTIZAI/ Yy (FIBK ;030 M) ERIL&E/, 7
Z A3y DEREE L MichaelisMenten O E 51T Tait &
DFE2IZEYRD /-,

3. MIBLREEE S EEE & OCHUEEETE

BatoMBEICST 2 HMMEE, RERDLE GX10°
cells/ml) ZFHWT, L7 A F 2 XV 6aM) & OEAFIETH
£ L9, KL 136mM NaCl, 2.7mM KCl, 2.5mM CaCl,,
2mM MgCl, 1mM NaH,PO,, 5mM 7' F 7%, 5mg/ml BSA &
# 10mM HEPES #E## (pH 7.4) 1C37°C, 155 MR L TH
27z,

BAROHBEEE e MABERET A+ o VEERER L
LT, Funakoshi » ® 5" % v CERFERM CHElE L7,

4. REER7 170y 70y bEHREER

Tait SOFE?IZLD, € FZM/AKRILEE (platelet-rich
plasma, PRP) & L7 1+ 7)) ¥ %#BELTHERLE717
Vrrzay bERVTHEE Lz, REREIL 18.50M 1AL
7o, RERIG RSB AR EE L o RgHEE o SIE TR L.

5. 9 v MfERET V&% B BEIEE

Wistar RHEEMET v b2 H4RIM % 1TV, 1,000g C 3 5B LT
BIEICLD PRPARML. 2ml D PRPIZWL7 4 7Y %
¥ (R ; 1.4mCi/ml), CaCl, (7] ; 25mM), BL U ror ¥
> (A ; 10U/ml) %%, 37CTI0HERIES ¥z, 70y b
EAHELTHRE L, NI T/RRICHA LS, WAESET CHE
4, sml DAEREFMAREYFAF-THEBEEEL. Boh
F274 7 EEEE Ty MEBIRE DIRGL, SARBICHE
AELFRICEEHIRE DIkE Lz, L REE%, EESKEIRE D
WML, Bz ERETIICI2MH L, ShghEEz i
L7z, F o PV Ea oMb o RsE M3 145,161 +
3375cpm THh -7z, MIEETEE L F oL ) L7

BRETETE (%) = 100 X { 1- (1 R &M REHHE/ > T
AT O B EHE )|

TATNVI X Eay-TT7AI4 Y EEY — (a,-plasmin
inhibitor, a, -PI) OMLAEEEE 7 1 7)) 7 4 2l EkEE - B
(B ek, #pET), 57 A bF—2L4 APL- 2 % v b (5 — 1L
gh, HE) W THlsE L7z,

6. I H R

Bt s — PO L 7o AR (520ng), o & —-E (350
ng), 0¥ F—YBiH (430ng) = Wistar LS v b O HIR
oS L, 0.1ml F0OREFAIZERIL LT BhE e A e L7z,
5B %O MFBEHEY (cpm/ml) 13, %5 L aishsns
5w FOMREIZ0.06% T U AETIHRL THEE L. #RISER
MBI C DM A RIHEE D FEFE (%) TRL-.

7. ZOMDTHT

SDS-PAGE 1210% & A\ M3816% KN 72 VL7 I FH IV E
B8R % Laemmli O FEICE 72, F@miZidr~y—

Th—HsWIdRRE LAV, BRRRELXT I B

AWt BSA 2 ERHICAVALREHENES » b (BCA) AV
7=,
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54 &

[. wAxF7—EORERTE 7OFF—EBHEOEHE

NIV RMITYOEE) TR T - EORHHE
£, F.XIaPRMEDY) 7 LA Y05 FHHEB I AL T 4
FEAOBT LG IZMEFEE L IET S 2 EPMEE T
5. van der Graaf S5O FFEPIIHLT, vaF+—-¥%
20mM RYH IV rOELETIC 1ImM DTT &8 50mM Tris #&
#ifi (pH 8.0) TRITMI AT o 70, BRIARED I — NEE
BT I Nl CRICKIE % L7z, SUCAERS O K #iFE
OBIEIZIE Glu-Gly-ArgpNA % v/, RUFIJ Y HFETD
B ES TR O BEEICE(LIER oW e d o 7288, I
HEETFTCTRKEOETE & DIHRHEEISETL, KIEK
TEAZIZEEATEE L (2). FEEIL D SDS-PAGE T
i, BIEOEFIZLAd > TR FF—E0r Fatg4
R L1400 BIc e Lzas, oo+ — YA B
FUBBOS Y FlamLZ (M3)., Nr#H Iy Id#oi
IRy A= i e %Biﬁwﬁﬁizﬂ HoHLLY, TOMEL
YRET LI ENHAShE R/, FRIIRK LT YO F
+ - kA%mw%#éBtﬁm% YO T TS A L bAS
HEsn..

v a¥J—¥ (3.2me) FEILL, HIBETFON/FII L%
+7 77y A G25 ThHRER, YoxF—VYAMB LUBHHZE N
IV T s =X THEELT. BT AICRE LR b\Aﬂé
TREHRETRE LR, W L 2B £0.1% OFEER TiE I
7:. HiBEL 7-B#fld SDSPAGE TH—0D/Ny FTH 7 (B] 5
DL —4). BEEOUWEIE 1.7mg TINEI% Tdh »72. BEHOD
ANT 4 K VE (SH &) % Ellman £ CERE LR, 1E
VOB Y SH #HIZ1.04T L TH -7, THHOHRIE,
RGBS T TOBRICIUSIZAS D Cys148 &L B Cys279
FHELTVAHME Y AL T 4 FIEGIEIRESNTEI 722

Amidolytic activity (A405)

0 1 ! 1 ] 1 1
0 20 40 60 80 100 120 140

Time (min)

Fig.2. Limited reduction of urokinase. Urokinase (3.2mg) was
incubated at room temperature with ImM DTT in 0.4ml of
50mM Tris-HCI, pH 8.0, 5mM EDTA in the presence or
absence of 20mM benzamidine. At desired times, the
reduction . was terminated by the addition of
monoiodoacetamide and the amidolytic activity against S-2444
was assayed as described in Methods. Reactions with (@)
and without (O) benzamidine.

EFRLTVA, BHOKHERAM TR~ L 124
LERL-FiEE v,
I. 7%% > V-N6 DS &Ik
T RFEL IVIECEMEBMOBI6MLICEY R F » HHDHY,
SFREIZELNTVE DY AT 14 FERIZESTE LW
EHEE AN, FCRIEBEIC Cat HEBULIFET 72D
BABTRIZ L 2 hEEOR & 2AgEIER b0 LE
DEENS, TLRNIGHMD Cys % Ser iEHL, E5IINE
WA 2 BEHORMBIZ Cys ¥ EA LG REORTF FET 4
XS UVONEKRISHMLULERET A% 2 v V-N6 DL D
LA, CoRAEE* ABER s HCTRRICEBE L.
72»39 v VN6 OB ARIICEH LT, MEEEERL
& BE, Ca fEE T CANB MO 51 & & I
Lf:. FOh, BEE S5 8MEEE EDTAIC L »THlE{kL
AR E 2 AR URZRE Y AM £ TRBIITY, £0
BB ARV ET I LICE VREEZ® - Y ERELTH
R AT o7, BONLTHRFL Y V-N6E A 4 v &K
(DEAE-t770—X) LXLiE#I7a< b7 74 =128 0H
LROpAR ﬁ%éﬂ%“i%&?VNﬁiHBHmEkfﬂim
OFTFELIVEND LA LENMEICHE DN FE LT
gEns @50V —-25). NKWmT I/ BEEY ST, Ala-
Cys-Asp-His-Ser-Met P4 ﬁf?ﬁﬂil 2.3 Nz b, NRIO RV
Il Met BBIEHABNTHRZELT 3/ RT7FF-EIL &
DYIMRRE SR D L ARE n f_. FiEa OR R, ik
HLOEEBTALA)EERTIOSFIE BEREER L.
Iz EIINKEMRMABIZEAN SR Cys ﬁ&%&ﬁ“‘%"féz
MR L, YAVLT 1 F#EEFRET 5062 RE
7o EEEBEROREIZ LY, f$%V/VN6iLbhmm
kOB AERT 252 Y VEREOEREFH2Z LA DI
7z, 1,000ml DIEEH A5 10mg L L.oT +F 2 » V-N6 2F
(RN
M. 7x%>> V-N6/7 O%F—UBEEAAROMERN & HE
i’q"'?’ ¥y VN6 & oFF — EBEZILFNHANTO
ERAROEMBISERS L, TAFL L VN6 DA
ﬂw—JcBil‘i Do RE RO RS AT 2 e L
oL iR 1R pH 7.4 OB CR A 1200 S 72,
6 BEIMIRIZT A F 2 > VN6 D60%AY, F7/-7 0% —EBH

Urokinase @

B-chain »
A-chain

0 20 40 60 80 100 120 140

Time (min)

Fig.3. SDS-PAGE pattern for the reduction of urokinase. The
samples (20ml) obtained in the presence of benzamidine as
above were applied to a 10% Laemmli gel under the reducing
conditions. The gel was stained with Coomassie brilliant blue.
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D20% D FE BETERLZ. Ld T, "EZEBKRER
WZEBT7 A% VN6 OFEE BT L0 IZ8FHED T A
FUVNB(TAFT 2 VN6 Lo+ —FEROELIE=
15:1) ZAVTHERERORE 2 1To72. MEAEZRAL
—BEREL S5 L, SDS-PAGE L T4 T84 65kDa
BEDON Y FPBBEsRL. TALONY FIESKEFRE
NOFREZBRDPOK > Tz, TALZED2D/NY Fizs L -
TIEMRICE XN o7, OB, 9F&5 65kDa Ll
DETFIRAONLE P22 800, £OYOFF—YOET
RIETIE, vuXd—¥YOAMEBHOMB I AL T ¢+ FiES
EZUHREMIBTEN, BEROMDO AL 7 1 FiESIZE
TEENL Do/ EATRENT,

100 q05
T
o %0 o
- -
% 8 0.4
-t
£ 80 'E -
2 £ Ho03 8
< 70 8 <
£ £ £
2 § s
8 035 Jo2®
o -4 a
s 508
o -
° c - 0.1
‘g 40 <
<

30 Jo

Fraction number

Fig.4. Separation of the conjugate on a liposome-gel column.
The conjugate prepared as described in Methods was applied
to a liposome-gel column (1.6X2.7cm) that was equilibrated
with 50mM Tri-HCl, pH 7.4, 0.5M NaCl, 2.5mM CaCl,. The
conjugate was eluted with the same buffer but containing 3
mM EDTA instead of CaCl,. The fractions from 17 to 20 were
pooled and applied to a benzamidine-Sepharose column for
further purification. Anticoagulant activity () and amidolytic
activity (O) were measured as described in Methods. Protein
concentration (—),

(kDa)

49.5 —
325 —
27.5—

18,56 —

Fig.5. SDS-PAGE pattern of the conjugate. Samples were
applied to a Laemmli gradient gel (8-16%). Lane 1, molecular
weight standard; lane 2, non-reduced conjugate; lane 3,
reduced conjugate; lane 4, B-chain; lane 5, annexin V-N6. The
bands were visualized by silver staining.
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Fig. 6. Plasminogen activation by the conjugate, urokinase and
B-chain. Plasminogen at the indicated concentration was
added to urokinase (A), conjugate (D), or B-chain ((J), and
the rate of plasmin production was measured as described
under Methods. The lines are the fitted functions used to
determine the kinetic parameters.
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Fig.7. Competitive binding of the conjugate and annexin V to
PS-containing membranes. -Conjugate (O) or annexin V (2)
was added at the indicated concentrations and binding activity
was measured as described under Methods. Error bars are
given where larger than the size of symbols.
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Fig.8.  In vitro fibrinolytic activity of the conjugate and
urokinase. Lysis of a clot prepared from human PRP was
determined as described under Methods. Lysis with
urokinase (&) or conjugate (O), both added at 18.5nM. Lysis
was minimal (<5%) in the absence of activator,
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Fig.9. In vivo fibrinolytic activity of the conjugate and
urokinase. Lysis of a clot prepared from rat PRP was
determined in a rat pulmonary embolism model as described
under Methods. The results are shown as the average of five
experiments, with error bars given where larger than the size
of symbol. Lysis with urokinase (&), conjugate (O), or
control with injection vehicle alone (V).
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Fig.10. Plasma clearance of the conjugate, urokinase and B-
chain. The radiolabeled conjugate, urokinase or B-chain was
injected into the tail vein of a rat. Blood samples were drawn
at the indicated times and radioactivity was measured. Results
shown are mean values for three rats for each protein tested.
Conjugate (O), urokinase (A), and B-chain ((J).
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Abstract

A conjugate of annexin V and the B-chain of urokinase was prepared and its fibrinolytic properties were studied. First, a
mutant of annexin V was constructed carrying an N-terminal extension of six amino acids {(Met-Ala-Cys-Asp-His-Ser) and
Cys316 mutated to Ser, and expressed in E. coli cells. The urokinase B-chain was prepared by limited reduction of the inter-
chain disulfide bond between the A- and B-chains of urokinase. The mutated annexin V and the urokinase B-chain were then
connected by a disulfide bond and purified to yield a 1:1 stoichiometric conjugate. The conjugate exhibited the same catalytic
activity as urokinase in the amidolysis of a synthetic substrate and in the activation of plasminogen. The conjugate showed the
same binding affinity for phosphatidyl serine-containing membranes as annexin V. The in vitro fibrinolytic activity of the
conjugate on clots prepared from platelet-rich plasma was comparable to that of urokinase. However, the conjugate showed
an in vivo thrombolytic activity 3 to 4 fold stronger than urokinase in a rat pulmonary embolism model, while having
essentially the same plasma clearance rate as urokinase or B-chain. These results indicated that annexin V was a useful agent
for targeting plasminogen activators to phospholipid-containing thrombi.




