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Expression and Characterization of Fibrinolytic Enzyme Activity

During Earthworm Tail Regeneration
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ABSTRACT

Fibrinolytic enzyme is thought to be involved in extracellular matrix remodeling during regeneration. We
investigated the expression and characterization of fibrinolytic enzyme activity during earthworm tail regeneration.
Electrophoretic analysis of fibrinolytic enzymes induced during regeneration revealed that at least seven types of
fibrinolytic enzymes were expressed, which had molecular weight of 12, 19, 23, 27, 32, 45 and 58 kDa,
respectively. These fibrinolytic enzyme activities were dramatically increased within 1 day after amputation. These
activities were maintained by 7 days postamputation, followed by decrease to control level from 14 days after
amputation. All types of fibrinolytic enzyme activities were inhibited by treatment of PMSF and aprotinin, and
were insensitive to EDTA and exogenous Ca?*. These results indicate that the fibrinolytic enzymes are serine-
proteinase. Other characteristics including specificities for extracellular matrix proteins are under investigation.
Based on these results, we are trying to find out the relationship among expression of proteinases, extracelluar
matrix remodeling, and dedifferentiation, which are believed to be essential processes during regeneration.
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AL dFe AAdA doju: AR oz N7tH
o, el ufo} A A] ‘3—-1"1‘45 by x2 3ie] ojgA
AR oM ANEAE FHo] AR}, el 3 Al (pattern formation)
2 e A4 (morphogenesis) & A7 Ao FHE A+
7} @iksiA A 1 gl

35 Aele] delg F, dE3l= QYRR A &
AAQl wztolrt. Gk F dF newtd] $£AA 2| Ao
HeAA Al e MM EZE £AANE AANNE
o] A ZF7)e 2] A Y (cell cycle re-entry)ste] MAFE A}
AlSHA =l $AAA E2 A -3} (transdifferentiation) 3}
Al ®o} (Filoni er al. 1991). 0|2 & FA) MaAtu|A =] A
FE3E newtoll MTF FAE = A HA o) AL =2FH X
7Y A9 O MAATHZEE invitroo]A] pheny-
lthiourea® b3 AL A&7 FGF= =i3)s} A3

235 FE3 ]—Dﬂ FAAM 2 AZE o] crytstalling 2

T A AdE T S U FEEe
723 Qe Hlifﬂ Shs A (plasticity)e] T Ere] Z:
AdE TH3 AAo] ofyt FAAH 37 (local environ-
ment)e] W3te] 714 Aoletm ARG 4 Siek. ol
a4 379 W3 A F Aol FAA M= A
o) Aed Ralg g3led o] FelAm, o] S5t} AMAe}
AEE Y E2HE (exocytosis) & T3 A=x oz oofdt
A P asg Eu|dr o] EaEe] Eule Ao}
Mz 3 AFH ez v HAHA 2HHE Ao
2 dRz glen, AlZE7|A e A (remodeling) &
=38} (Woessner 1991, Kim et al. 1997). Al 22714 &
fibronectin, collagen, laminin, tenascin, vitronectin ¥ pro-
teoglycan 5 THF ¥AEE FASH Jom, o5 ¥
Aok BAES ST 4% 9 W Gyl B
Hof 9t} o] EAEE AE B3 AR R olFe] A
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Ho] glem, cell apoptosis P FA EAololw 2 AR
Ae zt3 9lo} (Perez-Tamayo 1978, Tryggvason et al.
1987, Emonard and Grimaud 1990). 2} §-2] =] Q717
Fael gase) Azsirld AFAl Felshs B
B3] H A calcium &4 metallopro-teinase Al 2] &A
24, collagenased] TAJ& 721 glom, A= AHnt & 4
AZE ool L BAdo] w2 A Zrlshe Ao vrehiA
o] A A FUbh Bi3tel Aot YA DA o
#Eeo] 9l& Aoz AT ¢lvh(Yang and Bryant 1994).
Z, A PH EA WA o] T FAel 938 collagenel
A%} fibronectin B tenascinz} 22 ghilzlo] A Zr)=
Aot Mz G oF Fol FIFE WA JE A
o2 %253 9o} (Donaldson ef al. 1991, Onda et al.
1991, Nace and Tassava, 1995). (3} trypsin3} chymotrypsin
SA} x47F 743EM) Z (mesenchymal cell)2] &85 A]7)¢)
1 Ao FA ZrlEle Aoz ¥ yE g ow (Hara er al
1992), M F H&A A4 M= oleldt £/ &
A =7} AR At F 49 oW F &R £
A 27k Zlez et (Lee and Kim 1996).
ol¢le] = o}-& F8 N=E:r|d ¥ &L plasmin A5
2] F4-o|v} Plasmind FFEL ZH2A A 274
7L A o] #A3] /1=, fibrinogen 53 2L A 297
Ao & T3 AE vz Y A3AEELE =
Agroza A ZY AL FEie Aoz AAFHT
a1t} (Rixon et al. 1976, Kim et al. 1997). =3} plasmine 2+
A7)17¢ % neural crest cell (Agrawal and Brauer 1996) %
endothelial cell (Odekon et al. 1992)2] o] F-ol] Fo3)n,
neural cell adhesion molecule (NCAM)S &3} o= Bs)
g 5 e Aoz B ¥ glelA AAAH LdAAARA
NM=E F8% A4S 32 e Aoz AAHT ok
2 a7 AR Aol ASERFIY IEFEH
T5E] F7e AAE T e HYFEFE R A
N R Zo &3l FE2H F $ELY 548 2F V1A
3 e TR Aol A EAE ¢AEA AN
e FEold, AA7E dTAMER F2 AMEHE FA
F2] urodelest} axolotls R} o§2] 7}A] o]&He] glgd=
B3 o] FE Wi A7 w$ B Al et
(Moment 1972, 1974). |2} o] AJAde] T3t A= 19709
o @7iz] AAuele] 422] 7RAH o] (Maderson and Salthe
1971), Azt =} AN Anpe] 4=} w3} (Gates 1950) 2 =Y
Aute] 8 44 24 (Moment 1974) 5 F2 333
< 5% vig 712A) ATt Aoz o FejF L ¥
ojet. F& T2 A o] AAYA polyamine?] UF<l
putrescined] ¥ %7} dAjH oz Z7|3iHE B1U) gl
] (Hamana et al. 1995), Af A F=<l giant axon®] healing
(Krause e al. 1994)3} reconnection 7]%}(Lyckman and
Bittnerm 1992) 3! A A 1AM =] 71del] A3 A7}

%y

Korean Journal of Soil Zoology

December 1999

(Danvolgyi et al. 1994)7} B1% wlr} g} oeps, 2 o
FAME APA7IN F2AAUA HEse A B
Haie] FaAE ZAghsle] A Ao ANY7|E Ft
I 93] &2t Ba aae] S BT
AAAE o] g3l o] EA FFE WA slger,
o) vioz Aol AYe) FAE oldsw 1 A4
o3 sl=dl =&o] HAt gt

Mz o ay

X|210]| (Eisenia andrei)2| Bk 3! &t

A|F o] Park 5 (1996)] o8F w2 ARg3lch W
Al w74 A8 o] (Eisenia andreiy® T3t o7t &
ggE A4 AT ADEgd A9 APl F
B4z o8 28] AAHE 3 peat mossZ AHYA 15%x20
X7em Z7]8] HetaE 47)d) Yo} 23+1°CE #3213
il A wfeFatgdc). wioF Aol peat mossi= x| o] A
o #lz¢ AFF AL HaYsr] Hste 65°C A=z
4 A7) LA 12A17F oA ARAIZ] F A3
A 2 FUIHoR FFPE TFI 80% o4
AR, Frozy +EE Y peat moss Hol FF
sl ot

Aol ALE-E Aol ey JF Foz o 10-
150 @7l SREe dezdz gehigldh 3dE
Z3g A8E &, A F¢ A3 o] peat mossE YA
glass patri dish Well A $je} 22 ubflo 2 wjokaigich

Non-reducing SDS-PAGEE 0|28t I|=E2| =l =5l

29| zymography

At F, 7h7t 14,39, 79, 94, 10, 114, 144, 174,
219 F 30de] HAE A ele] AARAE B
7zt 2% Glass-Teflon homogenizer (Wheaton)& A}-£-3}«]
TANE THES e, 13,000 x gol| A 1A13F Fo G4 2=
(Jouan MR 18 22)3} 11 1+ & 7 Ar&=NE JYF 8¢} o
AN AA B3] 1/4¢] = n-butyl alcohol e A 7}3}ed
58 7HAoz 1524 3087 £3slda, 2gHe 13,000
x gl Al 3087 AAE= s A Ee F AREE A
Ag o5 A FHE 47] 93k 59 (v/v)2] acetone
< #7118l -20°Cell M 10£7F WA1A17] 3 13,000 X goil
A 5EZE QAR SR o] F AFAE A
AH B2 RE] acetoned A3 ¥ SDS-PAGEE $13 &
44 (enzyme source) .2 Al8-3l9ict. 9o nE HA-L
#C o5e] £x8 SR8 w5t

sloh 2ol EHE 2 Ao VEeed Boasd
A7 A& doln 7| $938te non-reducing SDS-PAGE
£ 0|23 zymographyE AlA|3l%t}. PAGEY: Ornstein
(1964)2] up-& <zt W83l 438 8}¢v}. Separating gel

fol
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(13.5%, 10 x10.5x0.7 cm)ell&= ml % 1 mge] Frz| A
& 233 =F 3191, separating gelF} stacking gel (4%)-2
BE 2.6% crosslinker} SDSE =3I = 3¢t A7)
oz FujE H4 Y2 0.5% Triton X-1000] %83
sample buffer (80 mM, pH 6.8 Tris-HCl)el} £-38] 3} 2} well
& A =7t oF Sug/SwH H % loading3t, 3
Z 150 VA 2087k A7]od 58 & hA] 250 Vol A 80
7+ A71dEdde. A7)dF F SDSE A A7) S5t
2.5% triton X-100-& Z 38l 50mM, pH 7.4 Tris-HCl 943
Sfoz zbzh £ WA 108 Ft M A F 37°CellA] 18
Al 7HEet wloFel (50 mM, pH 7.5 Tris-HCl, 0.2 M NaCl, 0.02
% NaN;) grol| A wiefstaiet. wicke] ¢ ¥ sjRexA
s SAAEE A7) $35le] separating gel&
coomassie briiliant blue R-2502 g3}l & I X lysis
zone g WAst 7+ AIZPH FBE|xAl Baade] A4
< A3

izle] Aegke wFE thlAF bovine serum albumin
(Bio-Rad)2 A}£-3}e] Bradford (1976)2] ubgel wa} &3]
sk

Sxjzt &5

Jueed Eanse] ¥AFE 247 o g
whil 2 2 = myosin (250 kDa), B-galactosidase (116 kDa),
phosphorylase B (97.4 kDa), bovine albumin (66 kDa), egg
albumin (45 kDa), carbonic anhydrase (29 kDa)E A}&-3}9
ok H71dF F olES AdA ol RHE AET F
®Z2 A (standard curve) & ZHAJE T FHE| Al B Es
o] RfZL-E HEAA FAFE AEsH

He| H&

99 54%0¢ A7)dF8lT separating gel 2 H-E] SDS
£ x%lﬂfsl % pH4.0,5.0,6.0,70, 8.0, 9.0% 10.0& zZt=
wjj kol alef| A} 37°CollA] 1847} E<F wieksle] coomassie
brilliant blue R-2502.2 g sl & 9 & lysis zone
& BAS pHel O G vl BRI o o,
pH 4.0, 5.0-% sodium acetate buffer® 6.0, 7.02 sodium
phosphate bufferg 8.0, 9.0, 10.0-2- Tris-HCI bufferg =}7}
A3k

IEe| Al 2aigA0] e AHMAe Fat

AL H7]9dE8 & separating gel2RE] SDSE A
A WFdel] dA pxo] A s ase dE o
A A), & 2mM, 4 mM phenylmethylsulfony] flouride (PMSF),
40 nM, 80 nM Aprotining Fo]F I 37°Col|A 18A]7} wj
okslet}. wlloF * coomassie brilliant blue R-2500.2. g}
3t & A4 F lysis zoneE FASI AA A &
FAs o] o, JAJAAE H7}8A] g g H2d

oz st AAAY FL Hlw FA3NA

a9 g

T Zoff weikls mEz| A Sallgae] g

Susl e 4o AEE YA AT BHH
A o, 712 AF-2] FAA A AFHA o]} D3}
HAL o8 7] FAR 53] A RA AT LAE
3 FAA7E ALE Fozn dojuie A olgtw A7t
el ojgfdt §HA Foll= HEFV] 24 §H2L 2 4
A fAA W AELr|Ad 2AFAA Fol E§FE) o)
F B3, Mz71d 2853 LH-E AMA) A Z9)7)
A A 2AE WA goz Ax W2 305E Al
3AY AL HIAA Mz Bd, A f B3
< Rt} (Singer and Caston 1972, Mescher and Tassava
1975). kM #2] Aol M 3PAA] F2 metalloprotei-
nase®] Wdo] FAHM, o] FApo] 98 collagen®] ¥
7h F43) o]HAEx Aoz B yFE S (Yang and Bryant
1994). oj2j&t M=z9] 7]A Rl aie] Wy ofe g
3o} WAE) AR=o] glomzg B AFgr= xFe| A
A Foll M EE il Raate] 4y ofAbg FHe
wAE Az sl AT ARHA) @S AGelE
Hziez sl Zbz 14,34, 74, 104, 114, 144, 30
o] AA3 AYxAE LYoz A3l non-reducing
SDS-PAGEE AA|g 23} sjrejeill Falaie] Il

23kDa»

Fig. 1. Zymogram of extracellular matrix fibrinolytic enzyme
activity induced during earthworm tail regeneration. lane 1:
control; lane 2: 1 day; lane 3: 3 days; lane 4: 7 days; lane 5:
10 days; lane 6: 11 days; lane 7: 14 days; lane 8: 30 days
postamputation. The fibrinolytic enzyme activity of control
was not detectable by the method employed in this experi-
ment. However, within a day, fibrinolytic enzyme activity
was dramatically induced. At least 7 fibrinolytic enzymes
newly induced were distinguishable. These activities were
maintained by 7 days, followed by decrease to control level
from 14 days after amputation.
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A % 2427 ool F43] Fvbele Aoz vehte
o, olzigt YA o YFUAT A&AHT FA A
shed 142 o) ¥l WzT $Eo2 FasychFig D).
Dby A)Fole) melAAle] Fehis FueeA 2o
249 BRe mAYY 2] 3 GEs el 9ol
228 4¥e SYIIT AL,

mee=d Bl SY

Mz97)d Blase 21 F757F S gk $7
o upgl 1 7)%e] Aelgoz Aol my AMAYA L
ol &2yl FHereA REfase] 5AL AT o
Aol glet. Algo] AAYA] UHEE sjHe e HEfas
2% 7lz #RHen, o BARE BT Y
Aol AR oA wimstel 428 A3t 47 58
kDa, 45 kDa, 32 kDa, 27 kDa, 23 kDa, 19kDa ¥ 12kDa&
2=, 44y aLAEL NI YA wie FE
(Fibrinolytic Enzyme) 1, FE 2, FE 3, FE 4, FE 5, FE 6 18] 10
FE 72 =A|8}g v} (Fig. 2). 2% 23kDas] ®AFS 7t
FE5 sjBelxql Bfasrt A 5 fxd: a3 5 7}
4 S JAE Aoz Jeldn (Fig 1). =3 3
Belx Bsase] #Ad] n)XE pHY & AFs
7] 83l 9% F, 2249 pHY) 4.0, 5.0, 6,0, 7.0, 8.0, 9,0
Z2]3 10.09] wieFg el wiekst Azt = E pHelM &4
o] Yelgdt pH 7.05} 8.0 7} ¥-& #AE el

He

5.4 4
@ Myosin (205 kDa)

5.2 4
g Galactosidase (116 kDa)
%’ 5.0 + @\_Phosphoryase B (97 kDa)
2
§ 48 @ “\Bovine albumin (66 kDa)
§ N FE 1
'g Egg albumin (45 kDa) @

46
5 3
8' @ Carbonic anhydrase (29 kDa;,
= 444

4.2

FE7
4.0 T T T T T —

Rf

Fig. 2. Molecular weights distribution of fibrinolytic enzymes de-
termined by non-reducing SDS-PAGE. The molecular wei-
ghts of induced fibrinolytic enzymes were estimated to be
58, 45, 32, 27, 23, 19 and 12 kDa, respectively. Myosin
(205 kDa), B-galactosidase (116 kDa), phosphorylase B
(97.4 kDa), bovine albumin (66 kDa), egg albumin (45 kDa)
and carbonic anhydrase (29 kDa) were included as mole-
cular weight makers.
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Aok (Fig. 3). gjue A Eaase] §4o) nXe 2 7}
z)8] Al B aa AAA L] ke FAE] st
A719%5E AAE F 3 7] AAAE wlokede] Hrtat
o] wjokslgcth ol mE FHyBE A EeRx AT serine
proteinases®] A Al PMSFol| ®17}+3}A] w183l 5mM
©] PMSFE wjefdel] Hrleiale o =& a4Ee] 84
o] tAEA Aot =8 AR serine proteinase2]
A)A) 2. @423 aprotinine PMSF Brh= oFs}x|gt o -2
9] FrxAd BHELE aHHo= A Ao
FFE e} =3 FAFe o] A Z7]e] metallopro-
teinases (MMPs)2} ZAlo] A Z7isle oz R THG)
E v}, gubd o2 MMPso| Z4q F4A<] Calt g wiok
Aol A} AAT F kst s o £ QoM 2R A
Hol] FuxeA FHado Ao G vAA Y=
o2 vhePdol (Table 1). ol A& o] me] AHAel 3l
AME MRt 2] 27)d serined A B & 4v)

Table 1. Effects of potent inhibitors on fibrinolytic enzyme
during earthworm tail regeneration

Inhibitors Inhibition
PMSF +++
5mM ++
1 mM ++

Aprotinin
80nM +
40nM +

Ca?* jon free-medium -

+4+: strong; +-: intermediate; +: weak; —: no inhibition.

123 45 67

23kDa»

Fig. 3. pH profile of fibrinolytic enzymes. lane 1: pH 4.0; lane 2:
pH 5.0; lane 3: pH 6.0; lane 4: pH 7.0; lane 5: pH 8.0; lane
6: pH 9.0; lane 7: pH 10.0. The pH optima of all fibrinoly-
tic enzymes induced were observed at pH 7 to 8.
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LS ofu)sle, o] vl Eslasrt drstel |3
Hel A& 7HsAE AA F1 ols 7 el AHg"
i Eaaae] 7]A<Ql fibrinogend hoFgt il 2
s a4l o3 B E 4 A9 E3] serined] proteinase
2l plasminel] &3 £o|stA Eaf = Aoz U U
(Kim et al. 1997). Plasmin-2 plasminogen-activator (PA)ol|
ofs) B EAI ¥ plasminogeno 2 ¥-8| AZF £ AR
Ao gga H gAYl B3t 2L delA )
©}(Endo et al. 1998). 2822 B Qo)A Fejd ohia
B 47} plasmin A 22 428 Xo] Axt Al Y71
g Laistn Ao BeHAd HAHA dAH
UE 7HsAE WMAE 4 gk ey A3 o] A A] E
Hy i Eaase] vo AHgs JAL o#sr] 9
HAE B gofgt BojA JAAY X 4o Bty o
9} o}2¥ PA % o] &BAS AL o Y & Ux vE
2480 AYAH ZAZ Sk & Aot}

o

[

¥ 8

2 o] mejAA 7o YHHE FHeA B
o] g4 Azerjae] AFAe AR g He=
Aol 2 A3 e A7 ele] mel A Fo LdHd
grexed Fjase] S EA4E WA A
A3 ole] mz] A Fo WHFHE FHxA FIEL
FA 7oy 2 BEApeke zbzh 58, 45, 32, 27, 23, 19
21 12kDaz &A Sk FHe el Eaase] 84
A F 195E a0 4] vepty 7474 A
AR Az Aol fEHeH, TH o FHE|E
BAES] Ao F43] sl 4ol I Ao
27 $#E22 3JEFHT A3 o] ne] AN F UHH
£ vuxA HsjaisE PMSF aprotining 228}
Ae W £A2ES Ao AAFHGT =3t Ca?T o] A AL
of kA9 BAe] Gg WXA g Aoz epgrh
ol2|3 AE File o] m|fAA] LHHE B
YAl EHaDE serined DA EelEaadde o 4
At

=
=

oy

o

g £ 2 e 4o

g EH
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