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Six lumbrokinase (LK) fractions from Lumbricus rubellus lysates were purified by a series of column chromatographies. The
molecular weights of the six LK fractions appeared to range from 24.6 to 33.1 kDa. In the experimental model of rat
venous thrombosis, the thrombus weight and PAl activity decreased significantly when the LK was administered orally.
However, the activities of APTT, PT and plasmin showed a significant increase. The aggregation of rat platelets pretreated
with various LK doses was inhibited by thrombin, and the MDA generation decreased. The rat thoracic aorta and mesentric
arteries contracted with phenylephrine relaxed due to the treatment of the LK fractions. These results suggest that the
fibrinolytic effects of LK were mediated not only by proteolytic activity, but also by the inhibition of platelet agregation and
the relaxation of blood vessels. It is concluded that the LK may be useful as a hemolytic agent for treatment of fibrin clot.
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Aggole] AR AAE Mihara F(1)o] A olafe] &
b= Lumbricus rubellusZ25-8] 6 %9 fibrin proteasesE®
2]3led lumbrokinased} il Y§ 83} 2, serine protease 72 6
7HA BAE FAsE AojH, Cho Q= FFEFAA
& L rubellus X #AHS ddEHELE EelstAdth
lumbrokinase= ¥} 25~32 kDaol®, 34 (pl) 3.7~
409 fAxoly, wW$ Y& A3 pHE 7}A| W, plasminogen
glolx fibrin 2 HE &, 53] ALFA Ald=
AL e AoE B HARE, 3). ARol&d &=

Eisenia fetidao}4l Yang %(4)2 sodium dodecyl sulfate
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(SDS)Z A stdE w, fibrin E3)E o] U= 26 kDas}
18 kDa9] 2709 4A@YA|e]l SDS-activated fibrinotytic
enzyme-2 ¥2]3}4 1, Hrzenjak 5(5)& 3-8 1283} fibrin
Bagde 2t 34 kDasl 23 kDad] tyrosine -FA} serine
peptidase = - 3} th.

FTdMe Al R AHol&d &I
aspergillum 7 Allolobophora caliginosatrapezoides®] &8-S
MRS W 94w $UAAS B21 e, gAY
& 2 HAFAH 9A, HAZA #AGA e FEE
Foi 27 ¥ AL Fed 9@ Ba9 AR
AL3)E 9 ol A=A, V£ AL E
A9 vl B o in virod) A fibrin 23 A
ohizt fibrin BolA 2 YW SHelA Bl glo
W, in vivo A A= fibrinogen@Xd 3} 282 1 fibrin
A dHoz F8ad 1ABE ¥ JUH g &
7} Ak B 11E g THe).

Ryu %(7)-2 lumbrokinaseE- polyurethaneol] A3 A7 &

Pheretima

St

I
=Rl
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proteolytic activity®} fibrinolytic activity® £33 23 34%
o ATy} Uen, 259 pHel Wl ¢S A
I Fiwe] BAFgoz Arie dH Y dAdTn
Bastga, AFANE o838 AFA polyalylamine
284 42 AEstd s=EgdFARwEte] A
polyurethaneol] lumbrokinaseE LA 3AIZ] AF AT 114
FAFA 2 AFAFL 50 kg 74T ko] o] A
A W 2T 49 dFYG #Y RedMe ol
AAE AL AFAY & dor), lumbrokinaseE 1173 83
Beb A FHo) AN WSS HIAAGE). ol T
AFES B8t L rubellus lumbrokinase’} F¥ A okAl=
AdE 4 e 7heAE] AAEL

AR L rubellus lumbrokinased)] @3 ALE G40 H
2o} 7183 EX B3 dFEQ2, 9)9} lumbrokinaseo] I
Agg o83 AFFVIEY AL F6) FEATA AU
@A oy dALHasrd e EA4 Fgs
A g Agled dd @3 d3e vES dEeln=z
ol#3 A "o o] AV|EHA B AFE ST

welx] B dFd e L rubellus2 3 lumbrokinase
YA Fol HAE o]&sle YARFEELS o] &34
ALY, dARSAET, g9 HEZ ojHFH, ¥
#Zolg 71AANES B a4 FEFgH dFE A
A 3R Tt

ERUE

HEUSE

Sprague-dawleyA] 4# #F (250~350 g, 6~8 F#)9}
New Zealand WhiteZ] <=7 3 E7] (2.5~3 kg)= Charles
River Japan (3371-8 Kotoh-Cho, Hamamamtsu, Shizuoka,
Tapan)oll 4] AE AL AN, e ART FAE
10338 53 793t AHgetdth Be 8L &% 23£1T,
55 55+5%, §7] 10~183/A7F, BHY 12A1 F7), 2%
300~500 Lux9] 3739 ARSAA ZEIIEMO|E AL 4
Aol ol AR

Aol g wFAAH Ao &dte HF2AHO| (Lumbricus
rubellus)e 71% 2A9] AHo| AF AREAAAN TU}AH.
w38 ketamine2 F343 (3 A= XA BAB)
Al FAstTh

Lumbrokinase §4°| HA|

Lumbricus rubellus®)| 4] Timbrokinase®] A= Scopes(10)2}
Cho 529 S AHEstd &g AABIAT BA +X=
10 kg2l A7ojel oL ammonium sulfate precipitation® &
23S A)Z] &9, jon exchange chromatography, hydrophobic
interaction  chromatography, affinity ~ chromatography<}  gel
filtration chromatographyE A A ¢+ AE ATHR).

Prostaglandine E1 (PGE!), bicinchoninic acid (BCA), aspirin,
N-[2-hydroxyethyl] piperazine-N’-[2-ethanesulfonic acid) (HEPES),
ethylene glycol-bis[B-aminoethylether]N,N,N’,N’-tetra acetic acid
(EGTA), phenylephrine 5-& Sigma (USAALZHE T3tk

APTT, PT 2 TT %9 $L3A7t =4 kite Baxter
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Healthcare (Deerfield, 1L, USA)olA FY3Rct Plasmin,
antiplasmin, plasminogen activator, plasminogen activator
inhibitor, D-dimer A& & dA-$-2-8 stainless steel wire
coil (dental paste carrier, Zipperer, size 40 cst)2 Pforzheim

(Germany)?l| 4 -3t

Casein =3l

R Folo|A] E2]3+ Lumbrokinased] &3] caseine] 3]
T AEE Cho 5(2)9 WL o83l A 7|A=
AF4-3t 4% a-casein (Sigma Co., USA) 2 mle] 67 mM
sodium phosphate buffer (pH 7.4) 1.6 mi¢} 04 mlg
lumbrokinase (1.0 mgmD)E H7}gE & 37°Coll A 3087} 4k
X713 15% trichloroacetic acid (TCA) 6 mlS 7}ated ¥k
S FAAZ H 308 @AEtE wkgAE  filter paper
(Whatman, No. 1, Whatman international Ltd, Maidstone,
England)2 &#}3t F o8 spectrophotometer (Hewlett-
packard 8453, Germany)Z A}&-3}e] 280 nmo|A FIFEE
23 Boo) IE ARAYL T2PHE 1NTED
450 pge] TCA-soluble tyrosine2 FA|7]E BAHS 1
2 sdin

o oo

unit

Fibrin &It

Fibrin 3o} A)ZF fibrin plate buffer (FPB) (50 mM
sodium barbital, 93 mM NaCl, 1.66 mM CaCl,, 0.96 mM
MgCl,, pH 7.8, ionic strength 0.15)°]] 65% fibrinogen (Sigma
Co.,, USA)E 05% HA &3l & #E2 Aol 10 mi¥
£33 20 NIH units/ml2] thrombin (Sigma Co., USA) 50
ng 7iste HojE o Bxske SFaAHTHIL.

Fibring-8] EFE4 2+ human plasmin (Sigma Co., USA)
< 02~20 unityml7}x] FPBZ 343k & fibrin F 3] 10 ul
& WAL IPCAN 152 FE AYP F 2o 57
@ o wAg olgdd mEINE AU
Lumbrokinase®] &4 ZtZ9] EFL 1 mgmle F==F
FPBo| &35t & fibrin Huo] 10 e FHstT 37°Co) A
1527 2 Aed & AHE 99 d9FE 7o v @
< ZFFHE ol &dtd FG7HE plasmin wnit® AHESHTH

(11).

MI|HE2 o8 megl Ralga =l

10 ml¢] FPBo|| 65% fibrinogen (Sigma Co., USA)S %
et 05%7F HEE gsiAlATE 10 mle] fibrin plate
buffer (FPB) (50 mM sodium barbital, 93 mM NaCl, 1.66
mM CaCl,, 0.96 mM MgCl,, pH 7.8, ionic strength 0.15)¢]
160 mg2] low-melting agarose (Sigma Co., USA)E Y1 7}
gste] g3fA)71 F 40°C7A] 47 thE, 20 NIH unit/ml®]
thrombin 100 pl-& H7}stgdt}h. Agarose &3} fibrinogen &
A EYE O $UE 2E AU Ao B 12 x 8
em] Eo X3 308 o] W&o fibrin plateS Az3}4
o (12).

A7) 952 Laemmli #H(13)o] we}l 12% polyacrylamide
gl 248 VEQAT, 7 B 1ol v $5E 7
7] $]8] B-mercaptoethanole] F7}E A -2 500 ul loading
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bufferel] aj3tn dAzle AAEA] goivh 7o 237
6 W F ARE Fv|she] 232 geld] UFo] loadingst
855 3 9] gel2 brilliant blue G colloidal concentrate
(Sigma Co., USA)Z ©HAL Jdste BAsy, & 3
Z0] gel& SDSE AA5H7] 98)M 2% twiton X-100 (Sigma
Co., USA) &9 108 5 97} weA)ZHoH tritong A
As7] Seir= SFHRTE gel& FE] Aol FUch o gel
S fibrin plate layerd] 9-& 3 37°C 3r&7loA < 5A17F
st ol wiEe] 23 fibrino] EalHe] MAHE
zymogramS Ach G gele] M=9} zymograme] Ew
$3 vwsked fibrin ¥ EFe Ik

gr2dl o=y

B MUY 4

HE o8 AYEA e Kumada®] H(14)0] w
2 HEQTE &, 3FS ketamine 100 mg/kg (ip)oE w3
i ERFYE oF 3 om A T s A A

3

ol A& AW ZOF stainless steel wire coilS Y3k &
2aeigot. ¥A4Z2 3 7 U7F lumbrokinase ammonium
sulfate fraction (LK/ASF)2 10, 50, 250 mgkg &% o= uj
d 13 A7 Fosiary. dAafw 7dxdl AN B
d8S 4d3 & AR 10%0] s2et= 32% sodium
citrate® H7}8te] §ILE LAFHeH ©]F 2,500 xgZ
AEEsid 848 Ak

HAZDAIZ

Activated partial thromboplastin time (APTT)E §Fgo
miz 2 015 ml& &3 T 37CoA 387 w6
% 20 mM calcium chloride 0.15 ml& Yo S 7S
Stttk Prothrombin time (PT)= 7 0.15 ml& 37T
E7F uheA)7l & PT wHeod 015 mlg Ho] $RAS
A5l9 ). Thrombin time (TT)x= ¥ 0.15 ml& 37°C o)A
7 AR & g 03 mlS Yol STATMS &3

=%

1
17

g4

it
> ©
wh

oo
Y

S o A o o

Plasmin &HAd
84 01 mld 4C ZF7F5F 09 mlg E33 F Zul
0.25% acetic acid 0.1 mlZ F7}8l1 4TNA 3087 W

A& (euglobuliny& 3|#3l1 ©]2 0.1 ml phosphate buffer
(50 mM, pH 7.H)E &33}Ft. o] AAHA 50 & 37CAA
S5EZF ke 5 75 pM 4714 (D-BUT-CHT-Lys-pNA,
AcOH) 50 pl& ¥ 37CeIA 6587 WA 50 plg)
acetic acidE H7}ste] W& FAAZH LY 405 nmoA F
FTE 549

Antiplasmin &M

43 29 50 WS 37ColA 287 ¥-2353 plasmin
200 ple &3 & 37CA 3027 §H2AZTh ukge] &
Y &, 75 pM #§437)3 (MM-L-Try-Arg-pNA, AcOH) 50 nt
£ 2T F 37CoAAM AES 6027 w-EAHTE Glacial
acetic acid 50 WS Fristed WSS AAAIZL ¥ 405 nmej

Korean J. Biotechnol. Bioeng., Vol. 19, No. 4

Ao FF=E 2A4YUT. RS glacial acetic acid,
plasmin, sample, 718& Z}Z} 50 py £ARE EF% F

Arg st

Plasminogen activator &t

ggoary EYF euglobulin EAYo] FA7AQ
chromogenic substrateE £3}3l= amidolytic activiy2 =7
35, BAEE  international unit (V)2 FA3MHLh
euglobulin £ EZY 005 mlL 37CoA 287 w183 5
stimugen 50 pl& YW1 37CoA 60¥-7+ wrx|algich 1875
pM @437)2 (D-BUT-CHT- Lys-pNA, AcOH) 50 pl& ¥1
37CoA 1023t ¥-AIFTE ¥-8-2 10% acetic acid 50 i
2 Wkl AAN F 405 nmol ] FHET 2HA

Plasminogen activator inhibitor &4

24512} sl plasmas} EF plasma (0, 22, 44 AU/ml2]
24& zHe plasma) 12.5 plol| urokinase (10 nKat/ml) 50 pi<
A7pske 37TCoA 4837 vhgAlR &, 50 1l plasminogen
2.5 PEU (plasma equivalent unit)/ml& 7}38le] 487 4kL-A]
ZATE 75 pM 4712 (MM-L-Tyr-Arg-pNA, AcOH)E 50 pl
S A7 183 9r8A)7] & 10% acetic acid 50 plg A
7bste] W& AXAIF) AL, 405 nmollA] FHEE ZH5 9
o}

D-dimer

Fibrino] £3] # o] AA=E:E D-dimer2 AFslgoh
Mouse THEE A<l D-dimer F(ab’) fragment7} 228 96
well microplated]] & = TFH 02 mle 231 AL
LOAIZF &<k whgsk & kit o) e AlFdog HFHsn
peroxidaseZ} E-& rabbit anti-fragment D antibodyE Y1 1.0
At B Aeold SR Addoz sd AT F
kit W 713 (ortho-phenylenediamine/H,0,)& Y1 A&3] 3
£ S w&3 ¥ 1.0 M HCl 0.1 ml& o] ¥Hg-& A
Zth 108 Fd microplate reader (Molecular Devices,
Bohannon Drive Menlo Park, CA, USA)Z o]-&3}] 492 nm
X FEEE SASIH

A2t

g9 BEFYS el SuAwe =37

stainless steel wire coil Y59 e] <=9 HAFE AA s
32% sodium citrateZ ¥ WE FYste] Folo] 1S
A v GBS Zo| Bz Histd o] =
dg 4% 9tk 2%9 NaCOso] ¥3% 0.1 N NaOH
mlE Yo 587 #U F 4%9 CuSOt XFE 2%
bicinchoninic acid 0.5 mlE FH7}st] 37CoA 3087F wr-e
A7) e, 550 nmel A FHES 2Ystel S

EE]
9 23E =5

% $AE =4S Rodomski S(15)e]
o 939k 849 AUEAANM 9 mie] e

hn IE=1
% 32% sodium citrate 29 1 mle HrIeto] gL n=

ita]
2
E]

I
A

o jru 0l0
o
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Astgt 33 A7l AL 200 x g, 5T 2083 ¢
Esle] gado] " ¥74L Fs9xn 03 pgml

g 20 d] &3 AHE 4359 (130 mM NaCl, 4.74
mM KCl, 11.5 mM glucose, 10 mM HEPES, 20 pM EGTA,
0.2% BSA, PGEl 0.3 pgmho.2 AHsigch AHE diay
o dgg 939 (130 mM NaCl, 474 mM KCl, 11.5 mM
glucose, 10 mM HEPES, 1.2 mM KH;PO,, 4.0 mM NaHCOs,
1.2 mM MgCl,, 1.8 mM CaCl,, 0.2% BSA, pH 74)2 94
Y29 7} HEF £38 2-30o el

AR Page] 09 x 10° cellsymlQ ekl 0.5 mle flat
cuvetted] i1 37CE H2F aggregometer (560-VS,
CHRONO-LOG, Havertown, PA, USA) uWjolA] 5837t ok
% 5,75, 10, 25 pgml EF%9] LK/ASF$} plzekE=Z 5
mg/ml FL9| aspirinS 10 pl¥ H7ietn 3087F ¥H-SAZA
th 2 unit thrombing 718l 4H$HE F5319 &3

o WsE BRIY

MDA &X

MDA (malondialdehyde)9] =32 Buege 5(16)2] el
el P dEg gEdoez Hgdlo Jrgsrt
2.6 x 10° cellymlo] A 39tk dgd 2 mlE Zalrg
WS BH W3 37C FFoA 308 59 WA 50,
100, 200 pg/ml F%9] LK/ASF9} 100 pg/ml X2 aspirin
S 7}z 0.1 mig go] 3087+ w-3A)7)91 thrombin 10
wits FrlEle] 30E Fot dad 33 fEIgch TCA
(IN HCI9] £3]% TCA £, 100% w/v) 1.0 mlS H7)3)o
W8 FAAZ F 3,000 x g2 4Col|A 3087 L&)
I 4EY 05 mlS #Hste Alg@e] Wi thiobarbituric acid
(TBA) (0.26 M tris buffero] €&]E 0.12 M TBA) 0.5 mlE
F7veted 70T oA 30837 wheA AT we F8 T AL
Wxstm 3,000 x g2 1A ARk F5de 532
mmel A FFEE 45t MDAE A% FJHMDA E
FBAS = 156 x 10°).

U2 0|2
Hwa F(17)9] ®HE o|&3ted P& ojgxteS A3t
o #F (250~300 g) 2 E7 25~3 kg)E vHH gl
TS st Wd AAAAT FEdd At
H&% T FH9 Az 9 AF2AL AASL 2 mm
ol2 nE vHENY. WIMEZAA RS FBNDES
RFogA #20 JIAZE AATS 7 2L oges A
st g3 zEles 95% COE  E3AZl 37T
physiological salt solution (PSS) (130 mM NaCl, 47 mM
KCl, 1.18 mM NaH,POs;, 1.17 mM MgSO4, 1.6 mM CaCl,,
149 mM NaHCO; 55 mM glucose)ol Wi F9 wgE
force-displacement transducer (Hugo Sachs, March Hugstetten,
Germany)e}] H4A1Z] & PSS7} ©7) organ bath (Radnoti,
West Maple Avenue Monrovia, CA, USA) WolA 31338t
PG 05~2 g ol 90%F HAS FAAFE PSS
oo 95% 0,9 5% CO,& E3}A|Ft}. Phenylephrineo] 2]

=}
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3] 24-=0] AR EHolE& §A = d lumbrokinase 67) &
g& 01, 1, 10 ygml FEE 38 A0E Ryt 7
AHoNA ojghefEel] Tigt 87 oFEFHML 60 TFHoE
vhEslget. AEel wsle force tranducer® A8
polygraph (Coulbourn, Penn Drive Allentown, PA, USA)Z 7}
E3} G

A719] We] o AMzE T g 27| ¢oE Yr1
o] Fdo] 90F % ZIAFTY 10 g& {FABHA Y
¥ &S 05 uM phenylephrine 0.2 FEA|7|1 £Fu7}
HEE 4x3hH 3 )Y o= soybean trypsin inhibitor 5
ug/ml, trypsin 0.5 unit/ml, LK/ASF 0.5 yg/ml, thrombin 0.5
migmle AEHOT Folguin olgwhee BARAL o
2§ 72 100T)A 10537 323 LK/ASF 0.5 ygml, 1.8
uM NG-methyl-L-arginine (NMA), LK/ASF 0.5 pg/ml, trypsin
0.5 unit/ml, thrombin 0.5 wnitmlZ W&H oz HrlstHA
ojghuk-g-& #EASIATH

HBE¥E BT S 05 uM phenylephrine 0.2 =3=A)7|1L 4

L FA%H 0.5 wnitml 559 thrombing AL

Tojsle dg@ ysAEe} BT EA3hc thrombin
receptor5-2 BZHEA7]2 0.5 unitfml F%7) HEZ trypsin
< AZRBIAY 05 ugml F57} HEE LK/ASFE U8t
Proteinase activated receptor 2 (PAR-2) &Aldle] w2 9
2 olshige B

SAXzE
EE ZAde HErEEAE JFAET A= Student’s
ttest® BAste] Wa gk ]S Hele P < 005 o]3}
oA Fo3t Aoz EAFYT)

2 o

X|2io[ofM lumbrokinaseo] E2|& x|

10 kg®] L. rubellus& E4l, A7} E33t A2 F
BT AS TEER AAF oy FEAZ 8 870 unit/go)]
casein B-8]50] Qe ZEZE 10 kg& dJth o] 2=
EL 30~60% ammonium sulfate EHAAL AASI 2
AZA2 dd, 55 §F 524 1=Est9 17,300 unit/g]
casein E35o] = 44 g9 1% FHA|ES! lumbrokinase
ammonium sulfate fraction (LK/ASF)S AJAth2). 1A E
< DEAE-toyopearl 650 columng A}-s] 0~0.5 M NaCl &
T2 anion exchange chromatographd}ed fibrin £3)%50] U=
A 7l BEE I, 0, IS A3y, DEAE-E3E 23
phenyl-toyopearl column  ©]-83F hydrophobic interaction
chromatographol]A] 1~0M ammonium sulfateZ descending
gradient3}o] fibrin ¥3] 9717} Q= £3 Fl RE Ao
o, DEAE-E23%E IZE phenyl-toyopearl columng ©]&3}
1~0M ammonium sulfate FX2 descending gradientd}od
fibrin B3] A7t Je B8 32 A49TH2). DEAE-EYE
IMI-& benzamidine sepharose 6B columnE ALE&te] affinity
chromatographZ A A]5}¢11.  benzamidine sepharose 6B
columnol] HZ&A ¢ty 8&H= £3 F49 Benzamidine
sepharose 6B columno] #-32}3la] 0~0.5M arginine gradient
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o osll &&= 27 £ F59 F62 AATHD).

HAAREE 8215ty Y3t B-mercaptoethanol & H7F5}A|
@3 749817 2 JHIA SDS-PAGESH zymograph® A
A 23, 6 $Y 25 98 PRSI ses
YebdtiFig. 1). &4 22¥ lumbrokinased 7z} £3&
SDS-PAGEE a5t & EAFE ¥4 Flo] 246
kDa, F2= 26.8 kDa, F3<- 28.2 kDa, F4= 254 kDa, F5&
331 kDa 182 ¥3% F6 2 330 kDao® FHUsoH
(Fig. 1A), &3t 7+ 239 g4 50 ATl e Ag
HojFEw IcHFig. 1B).

A B
1 23 4 5 6 7 2 3 4 5 66T
KDa '
67.0—
43.0— ' :
b . » ;
30.0— ’ ‘
t
.
200
|
|
14.4— !
{

Figure 1. SDS-PAGE (A plate) and its zymogram (B plate) of
lumbrokinase fractions purified from L. rubellus. Lanes in plate A, 1.
molecular weight markers; 2, fraction 1 protease; 3, fraction 2 protease;
4, fraction 3 protease; S5, fraction 4 protease; 6, fraction 5 protease; and
7, fraction 6 protease.

AW M fx oM HEHEW 1

#A#9] dPFERDNA lumbrokinase Fojo] g FAH
A, AEA 2 FHAe] WS Table 1¢] el Ao
Lumbrokinase ammonium sulfate fraction (LK/ASF)E A2
TS W, YSuA F |UAQ prothrombin time
PT)= SAZT =3 LK/ASFS 10, 50, 250 mg/kg/day
Foq ESA foHezm Fvkedm, ES UIAY
activated partial thromboplastin time (APTXE A t] 2t
H|8] LK/ASFS] 10, 50, 250 mg/kg/day Fol7 R5oA &
ogxoz Zrtetgch 2y AguA F &AA} Wl
Al BT 43S ¥E thrombin time (TT)S] W3l ek

HYS Rste HEA &£4< plasming 42 490
Z7o Hls] LK/ASF 10, 50, 250 mg/kg/day BojZ F5ol
A FelFog Zv1slgct. D8y plasminogen  activator
(PA) A3} fibrin clote] &30 & AWAAHE D-dimere)
&2 Wt gisich BROiAWe) AE Zdd AdE ¥
A ol LK/ASF Fool| o) fojxoz A3 th(Fig.
2). 250 mg/kg/dayFoiate] A e wiRTo] wis o
64.3% 9 AFHF 74 A7t veidth 38 AC gl
plasminogen activator inhibitor (PAI)7} LK/ASF 10 mg/kg/day
Fol ToMTt AR ol v fFFHeE B0l At
213 antiplasmin &4l W3le FEREZA ook o|E
Z7E lumbrokinase7t A HA ot HEA EFo dTFS

Ryl

H

Korean J. Biotechnol. Bioeng., Vol. 19, No. 4
o)X gA AP A 2 ¥4 88 FAE-E JehdS s
o}

Table 1. Effects of lumbrokinase-ammonium sulfate fraction on the
thrombosis model

Administration dose of LK/ASF

Functions I‘;g:;l Ngfgltli;e (mg/kg/day)
10 50 250
PT (sec) 16903 173207 34568~ 38.0:28" 350:3.5
APTT (sec) 204:14 193205 22.6+117 2214077 221424
TT (sec) 72403 7302  7.8:04  75:00 74304
Plasmin activity 935,66 [39:41 584:226 27.1£70° 29082

(unit/mg protein)

) m‘i’t?mz“g;’gtyem) 2294108 2714122 266+206 252+143  45.1:580

D-dimer (ng/ml) 44208 4.5:1.7 53t14 4.5:0.8 4.410.9

PAI activity

(unit/mi) 40.2£33  38.1£5.5 29.6£5.3*

39.8£26  38.8:23

Antiplasmin activity

(% vs normal
plasma)

PT, prothrombin time; APTT, activated partial thromboplastin time; TT,
thrombin time; PA, plasminogen activator; PAI, plasminogen activator
inhibitor. *, p<0.05; **, p<0.01 vs negative control group.

1226284 122,655 114.1£38 122.8+50 114.1+55

o7

08 1

05 4

04 A

03 A -[ )
o

01 4

Weight of thrombus (g protein)

o0

Negative 10 50 250
control LK/ASF (mg/kg)

Figure 2. Thromolytic effects by oral administration of lumbrokinase
ammonium sulfate fraction (LK/ASF) on the vena cava thrombosis
model. **, p<0.01.

g4 38 oA 57

Thrombin (2 unitfml)22 FE=8 43 3L LK/ASFI
g8 F= &EFHoR A HUoW, FYNEZES aspiring
5 mg/ml FoTNA F 65%2 JAE Ve UoKFig. 3).
xS a9 23X WHEEHE TXB29 indicatorgl MDA o
T 8243 3 dARES o] F= gEHOE #AHA
3, BlaeFESl aspitin 100 pgml FAFAE  0.03
nM/2x10” platelets2 L}E} 3 TH(Fig. 4).
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Thrombin

« Start (no aggregation)
<« LK/ASF 25 pug/ml

«— aspirin 5 mg/mé
«— LK/ASF 10 pg/ml

« LK/ASF 7.5 pg/nl

< LK/ASF 5 pg/md

<« Control (100% aggregation)

Figure 3. Thrombin (2 units/ml)-induced platelet aggregation in rat
washed platelet suspension. The suspension was previously incubated with
lumbrokinase ammonium sulfate fraction (LK/ASF) or aspirin before
thrombin challenge.

0.30

0.25 A ‘[

0.2¢ o

0.15 A

010

MDA (nM2 x 10 % platelets)
—

0.05

-

10 50 250 100
LK/ASF (mg/kg)

control -
Aspirin
Figure 4. Inhibitory effects of lumbrokinase ammonium sulfate fraction
(LK/ASF) on thrombin-induced malondialdehyde (MDA) generation in rat
washed platelet suspension. Data were presented as the mean + S.D.
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g3 ol oot
B oy gE 2ol it olAAE
e d& T4 g9z ZFo| g lumbrokinase FI,

Z=
F2, F3, F4, F5, F6 £3¢ o|&a#7} Fig. 59 69 AAH
Atk FF deWF ek 5] 0.3 pM phenylephrine &
2 £E8 967 & 27t lumbrokinase EEES 0.1, 1.0,
10 yg/ml FEZ o394 S o, FRulEHIA Fl £
32, 38.2, 84.0%, F2 E3& 22, 364, 789%, F3 #32
129, 52.8, 80.0, F4 232 16, 49, 13.5%, F5 23 300,
789, 81.0%, F6 8L 573, 85.1, 76.7%<] o|FEH/} AN
O W(Fig. 5), A7He W ME FI £3o] 2.1, 396, 82.2%,
F2 3.2 09, 38.1, 88,7%, F3 &2 29, 57.3, 90.9%, F4
B3L 09, 124, 17.1%, F5 2382 352, 81.9, 86.9%, F6 &
e 544, 76.0, 84.0%2] o|¥EHNE Ho TxIl F715H]
e} olgENE ZIHES o  UUTKFg. 6).

100

% Relaxation

N NN

F1 F2 F3 F4 F5 F6
Lumbrokinase fractions
Figure 5. Lumbrokinase-induced relaxation of phenylephrine-contracted rat
thoracic aorta with endothelium. Results are expressed as mean percent
relaxation+S.D. of five aorta. Symbols: (i, 0.1 pg/ml treatment group;

@), 1.0 pg/ml treatment group; (), 10 pg/ml treatment group.

100

% Relaxation

NN RN

F1 F2 F3 F4 F5 F6

Lumbrokinase fractions

Figure 6. Lumbrokinase-induced relaxation of phenylephrine-contracted rat
mesenteric artery with endothelium. Results_are expressed as mean percent
relaxation+S.D. of five aorta. Symbols: '), 0.1 ug/ml treatment group;

@), 1.0 pg/ml treatment group; (), 10 pg/ml treatment group.
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E77| g3 WelZo| cigl o|2ARE

i Ere FF odiEdz get Fde 03 M
phenylephrine©. 2 4%-& 90371 & Z}7}o] lumbrokinase
5L 01, 1.0, 10 pgml FEE FA5HE o FRUEY
oA F1 E3& 178, 252, 66.1%, F2 R3IL 214, 366,
76.7%, F3 £32 09, 9.8, 53.6%, F4 £3o 18, 6.3, 72%,
F5 5382 1.8, 286, 804%, F6 2L 89, 625, 67.9%9]
oltE I} QKO H(Fg. 7), A FHAME Fl 2o
223, 286, 67%, F2 E-312 286, 32.1, 69.7%, F3 23L&
6.3, 11.6, 25.9%, F4 23l& 18, 7.1, 80%, F5 2382 152,
35.7, 87.5%, F6 £3& 134, 68.8, 79.5%<] o|PaHE B
E7le] 832 dA] 5} 218l oig) o|giae v}
s ¢ 4 Yo KFig. 8) HF Mg g 0.1 nyml &
£ FojAde FRAEFHSG A9 WA Fl 2874
F2 80| F5 £87 Fo YR} o|daAr} & FALE 1}
B & F709 Aol7) IS & & UUTh

100

80 -

% Relaxation

Fi F2 F3 F4 F5 F6
Lumbrokinase fractions

Figure 7. Lumbrokinase-induced relaxation of phenylephrine-contracted
rabbit thoracic aorta with endothelium. Results are expressed as mean

percent relaxation+S.D. of five aorta. Symbols: ', 0.1 pg/ml treatment
group; @), 1.0 pg/ml treatment group; (), 10 pg/ml treatment group.
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S eof
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Lumbrokinase fractions
Figure 8. Lumbrokinase-induced relaxation of phenylephrine-contracted
rabbit mesenteric astery with endothelium. Results are expressed as mean
percent relaxationtS.D. of five aorta. Symbols: ', 0.1 pg/ml treatment
group; @, 1.0 pg/ml treatment group; (), 10 pg/ml treatment group.
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HBYIME Z8 FFof TE ¥ o2z

g7 F5 o5 39 9 Axst AAE 923 A
AR ge H@Zor FUEg wWEY 05 M
phenylephrine© 2 4% A|Z] th&, LK/ASFE F4319& o,
P E AAHA ¥ FB2L LK/ASF 10 pg/ml
FEAAE Hd £33 < 83% A=Vt ojgEHeH @
#Z o)A g} uldk LK/ASF2] ECs (median effective
concentration)2 125 pg/mle]gley, AWM T AAE
P22 1KY Rz B3I o]¢=A YUt (Fig 9).
o] Az LK7} 89 WFAEo)] 2-g3sle] o] oj9H
= A& ¢ F A4t

10,
/-\m-
s
c
o 6)1
=
©
Lk
©
©
x?®
01 +— —8
Q1 1 1

LK/ASF (ng/ml)

Figure 9. Lumbrokinase ammonium sulfate fraction (LK/ASF)-induced
relaxation of 0.5 yM phenylephrine contracted rat thoracic aorta with and
without functional endothelium. Results are expressed as mean percent
relaxation + S.D. of five aorta. Symbols: (O), rat thoracic aorta with
functional endothelium; (@), rat thoracic aorta without functional
endothelium.

BAEYO o8t HAZ ol &1}

Soybean trypsin inhibitor 5 pg/mlE A A3 FHAFHL
trypsin 0.5 umit/mlo|L} LK/ASF 0.5 ug/mlol] 93] @ o)
-85 JERRA] &te 1t thrombin 0.5 unitfmle]] oA o
SE QTHFig. 10A). 3 B S 10 871 71gsle] ol
ZAE& WAAIZ LK/ASF 05 pgmle o]m3 o|¢aste Bol
A QSkTHEig. 10B). o183 AFE lumbrokinase®) T o]
SEA7E Eol R g4 B4, = serine proteinase 4]
o o AYE ¢ & UJrh =3}, lumbrokinased] @
o] €}+o] endothelial derived relaxing factor (EDRF)Q] nitric oxide
(NO) o 9alA dizisls A& LolE7] 93], nitric oxide
synthase A3} &2 NG-methyl- L-arginine (NMA)ol| 2]3) o]
& ¥hgo] AAHEAE ARG LK/ASF 0.5 pg/mic] 9
o o] Z-g-o] 1.8 uM NMAY] 93] oF 11% JAE
= Aoz UehFig 10B), & o]ghikgo nitric oxides}
YR BAdle Ao HHHAC

Ir e

PAR-2 g4sfof mME HaZ ol &

PAR-2 &/43lo] m& FHZ olg adfo] A A7 dAn
£ Fig. 119] AAEAct 0.5 yM phenylephrine .2 &5
7 FRPFAS] thrombin 0.5 uniymlS AL A 2)3he]
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thrombin receptor® E-78Hthrombindl &8k gA18] 8714
Aol WMshNF| L typsin 0.5 wniymlz} LK/ASF 0.5 ngmig
Hestg S w, trypsing thrombin receptor7} B3 H F5H-
Ew-g ojghrZ ox(Fig. 114), LK/ASF A trypsin® &
2514 thrombin receptor’} 78 o g W3 Fyuisd
& olgA TR 11B). ol ZAAR uypsind o]
lumbrokinaset thrombin receptor$}s B/RE PAR-2E 4
shate] EAE olghs dodle AL & 4 dd

A
E 0.5

pp  Time fmin) 10

T Try LK/ASF ;
: . hr relaxation

contraction
»

Forcelg)

Heated
B LE/ASF NMA LK/ASFE

3

PE  Time (min) 10

Figure 10. Representative tracings showing mechanism of LK/ASF to rat
thoracic aoria relaxation. Aortic rings were comtracted by pheaylephrine
(0.5 pM), followed by soybean trypsin inhibitor (5 ng/mi) (A) or NMA
(1.8 ;M) (B), and then challenged by trypsin (0.5 unit/ml), thrombin (0.5
unitfml), and lumbrokinase ammonium sulfate fraction (LK) (0.5 pg/mi).
Abbreviations: PE, phenylephrine; Thr, thrombin; Try, trypsin; Ti,
soybean trypsin inhibitor; MNA, N7-methyl-L-arginine

Force(g)

A
Thy Thr Try

Force(g)

b 3]

Thr Thr LEK/ASF

PR Time (min) 10
Figure 11. Representative tracings showing sclective activation of LK/ASF to
PAR-2. Aortic rings were contracted by phenylephrine (0.5 uM), followed by
sequential exposwres fo thrombin (0.5 wnitiml), and then challenged by
trypsin (0.5 wniyml) A} or lumbrokinase ammonium sulfate fraction (0.5
urit/ml) (). Abbreviations; PE, phenyleptwing; Thr, thrombing Ty, trypsin.
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B Qe §EAF L rubellis EHgog B
lumbrokinase (LK)&] 4 FAle d¥ =] o3 4 A
WL e 30%~60% ammonium sulfate 3E8HE-9Y
x A& HAEG 67% ol fibrings) FHo] EAEA
tHTable 1). t}F3l column chromatography® 38l Fl,
B2, F3, F4, F5 F62] 6%F9 4% AAs9e 288 4
802 zymographyE HA5led fibin ¥8l%g @ad
3 67} B8 5% @40 9Jg-g & 4 UYTHFg 1.

g3 AudAands 25 gqgy g gHLas
2 By, 1K) o8] gzl uiiAgdAel APTTS i3l
AN PT 25 24 thxgol vis] Zoketsleu T
Wl §19l1, fibring 2= A4 354 94898
FeHe 549 plasming] 4] LK FoF RFAA {49
54 27151900} plasminogen activator FAdole G¥L F
A Fae Ao® JeldtiTable 1). LK Fojof o) A
Fgro] AT AP 53] LK 250 mgkg FoATY
dAGge Uz vls] o 643%2 ¥ASFH ALERE
vehdigithFg. 2). gl 85 F9d9dfzrnde] ATF
49 IKe Al F5Ho] g8 gse a4 € 38
A Rad #Aede gHLnATHE AAXF|Y plasminogen
activatorell ARe FA o1 AR gHg 3 AeR
Fes oot

HA4% 33 94 ZHIME thrombinl & 58 dad
230 LK 98] ¥ndEHoz oAEdEd, LK 25 vy
ml ol Folre €48 FF0 95% AAEHAFig 3),
Yad 24X uEEis TXB29 indicatorg] MDA 4% 1K
o gz WE g} v& dAeHoE FAHE AR Yeht
(Fig. 4), LKl olsf dagel &3o] gAg= #AE ¢
A9k o¥E 8 dAE dadd EA3E thrombin
receptorel] i3] LK7} thrombin®} AAHo 2 A48 AL
g Z&ged o tig dyvt o ojFoiXel E Zlog
SEIL=

Zyzke) 1K £330 493 #4339 E7e 5 dsds A
el el oj¢hAbaS AR A EF e BT tis)
7} 3850 FE 9FFHoF oS F/HAT 59
3E F62 0.1 pgmle] A FEJME 87 I3 dig
olgtamrl & Ao E Jehstedl(Fig 59 6), BV Y&
GAe BY P27t A oA ot gyl & sew JEhdt
(Fig. 73} 8) B89 Zid o= AR Aoz} gle AL
wetslofzin

a2 olg7id dFolM 0.5 uM phenylephrine & 2 53
g ¥30] LKe} 98] ¥% oFFoz olgHoy a
YA EE GARE v olgsdA et 9), o)7L
A MEol LK7L #Este] g@do] ojftEE Zo
shagich o]alsk BT o]ghkgo] LK Y proteinase EAo
8 AANAE FAGE A= ypsin inhibitor 5 pymlE F
A8 EH2L trypsin 0.5 wniyml = LK 0.5 pg/miol] 2
8] olgto] FHFER] 9oL}, trypsin inhibitore] o]3) 4
o] AHA P thrombin 0.5 uniyml o]Purg-g EhY
IFig. 10A), 7ALste] GEe HAAAMNZ LK 05 pymig



282

P2 o|gEN YT ¢ F UMk E nitric oxide
synthase <} A] <1 N°-methyl-L-arginine 1.8 uM o] 9js] LK
05 pgmle] @AZ o|PFEI}E= d¥ JAEHIUHFig. 10B).
o]Ate] B3Z LKE trypsin A} serine proteinase®] HFo|
H9) o] TEsgdd o3 RIS olgAIIH,
23 S0l nitric oxide’} YH BSlE ALE FUHY
Ak

# proteinase activated receptor-2 (PAR-2) S 7}
mouse(18, 19), rat(20), human(19, 2D)eiA FEYHUT
PAR-2:= thrombind] 238} &A48H A &1, uypsin & §
) peptide$]  serine-leucine-isoleucine-glycine-arginine-leucine
o o3 BAIBEEH, o= thrombin receptord] EA|E=
thrombin/hirudin-binding exosite7} PAR-2¢ll= §17] W& A
oz oA 9i(18), PAR2E A ES  thrombin
receptors} FEEo] ZASta ¢ Om(17), agonist 5o]dE
= W extracellular loopdl] ¢J&) AA=E AL BIHI
th22). PAR-29] A 7|57 WA E4UAE o4
WHAA kit PAR2S mRNAS A%, 2%, 9 59
TEZ vascularized 7] o] &5l blood vessel toneS
295 P BUY A2 F5HAT Yot

LK7} serine protease ZrAdel <3 WHAE EHoz &
222 BAER LK/ Fae Uz EAsE
thrombin receptor®} PAR-2 & o= F8&-Fof F&3= AE
Folsly) 98] P2 thrombin 0.5 unitymlS 23] d& &
aJ5}a] thrombin receptor® B4 & LK 05 pgmlE: A
25t o] o|BHERAE ZARIHT, T ©]v] PAR-2
HAadoz FAzlsly Aoz HE trypsin 0.5 unit/ml
g@7atE d@do] Fojste] LKe Hlwdgth LKe
thrombin receptor7} 273te AES o|HAFHSH PAR2
2435 okd WMnEAE AMSS typsin 94 LK} go] &
ZaE PSS o|gAFTHEg. 11). olde ZAE LK<=
trypsin® Zo] PAR2Z M¥zoz AT For %
ETh

LKE 74544 dsld #dHe EAFA2H(Fig. 2),
thrombino] 213 A|H diwel FFE JASFAL(Fig 3),
AL o|$AZATKFig. 5). olde Z#A= LKe ¥
of wje FFHHAH o] A FHAY EH A}
39 PAR2 &43ld) & @ olg & 4 &Y
Al 71218 Aoz AZdck

o i

o ot
O =

32 2F KB o] (Lumbricus rubellus) BRSO ZHE AL2
9l column chromatography® 6%9] lumbrokinase (LK)
fractionsE AUty oA F9] LK fractions?] ¥AHFL
24.6~33.1 kDa AFo]9th. rat venous thrombosisE ©]-8-38F 4
Hedr], LKESS oral administrationdt F ¢4 thrombus
ZZe Sd3lA 74393, APTT, PT$} plasmin 4%
L o)alA Z71stT, PAL activity® frostAl a3t ok
rat plateletsS LK 282 A 2gslgS wiol thrombinol]
A $uE AAHAL, MDA AiE ZaHY A4 F

UlEm s A7t E L phenylephrine 0.2 &S A7l Fo
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LK 532 7#zt Hstge wo d3o] o|dH Ak A
A= LKE-3o] fibrinolytic activity %+ opug} platelet -
Ao A9 el oA LE FIE Fre AL 9y
3t} Aoz LKE fibrin clotXE8E 93 hemolytic
agent2A 83ty Bk

-0 aEu et AGe 71% gFFe] HAA dynamic
kinetic resolution (DKR) FAA hA|n|3l g7)Hujg Eg
Sgojnlo] AF7A F2 AHEEHO gou whgujdd 52
ez ZAed 35 2 AAEe] oEgY. B ATdAMe
olg MAslaA FAnE s 93 nES 1A @UE
gas] Botth 45°C, ojo]laSg UlolA (S}UZEA 2,2,2-
EdZzzdY XQd2AHE NEE F7] d7E €714
2ol 2w B5AF, resin-bound BT & AFS A, oF
714 LolemsA|2l DIAION WA30E AHE3idE W
71 EHAolgrk. DIAION WA308] 2} interconversion
constant (k) 8.6x10* mM'h'o]® 3 AHZA oA
£ E3129olT Ky = 2.5%10° mM'h )l W& o 3u)7}
=gtk 54 A B4H3 B9 %l wZ DIAION WA30¢]
gtAm|E &gl Bl AP A, B Fo] FHETFF O
&S 724385tk DIAION WA30S #AH]3 vz ALe
sta] ofolaSEr oA Ay UZE24 222 EEE R
g Hoo2Ee 47 DKR ¥&-S 33 Byt 0 2
3} DIAION WA30S AME31A @& A% slg] uhg g
&3 AR B3 e FA3 PIEHAYG AEFH B
B3 ureo] Hu 50%ze A9 AFo] B A
2 DIAION WA30S Argtezy AzHoz ZFHHLL
T3 14 g7)Ev <l DIAION WA309| A2 2pAm|3t &
o] 35 & ANAEo] st sETh
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