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Purification and Preiminary Characterization of Plasminogen
Activators in Earthworm Eisenia foelida

YAN Yi-Ming” * , KONGJian” LI Hong” ,SHI Nan” ,9UI Hong: Yan®
(1) Gannan Medical Cdlege, Garzhou 341000, China; 2 National Vaccine and Serum Ingtitute, Beijing 100024, China)

Absgtract A variety of fibrinoloyic enzymes has been extensvely used as thrombolytic agents. However ,these
agents suffer from number of sgnificant limitations. Therefore ,novel thrombolytic agentswith better fibrinoloytic
dficiency and less adverse dde dfects are eagerly ought. Sx enzymes with fibrirolytic activity were isolated
and purified from the tissue homogenate of earthworm, Esenia fodida. The purification procedure involved
amnonium sulfate fractionation , ion-exchange chromatography on DEA E Sepharose Fagt How , ¢l filtration on
Sephacryl $200 HR and hydrophohic interaction chromatography on Phenyl- Sepharose 6 Fag How (low
subgtitute) . Acoording to anadyd's with Dendtometer System dter S PAGE (non-reducing) , the purity of
eschenzyme (F1, F2, F3, H4, 5, and F6) was 100 %,95.2 %,96.5 % ,93.6 %,98 %, and 97.8 %,
regectively. The gpparent nolecular weight of each enzyme edimated by DS PA GE was 28 500, 29 500, 26
100, 26 300, 14 850, and 32 800, regectively. The isoeectric point (pl) of each enzyme was not higher
than 3. The enzymes are snde polypeptide chains. F5 was dgyooprotein proved by saining with Shiff reagent.
The erzymes were gable between 20 50 for 1h. Fland F2, F3 and H4, and F5 and F6 were gable from
pH4 10,4 11,and7 12, repectivey. On the bass of enzymetic activities againgd BAEE and various
inhibition , F6 was a serine protease and metalloprotease , and the other five erzymes were trypsrrlike serine
proteases. Double immunodiffusion tes showed that anti- FL serum had no crossactivities with the other five
erzymes and ror did anti- F5 serum. All of the enzymes mentioned albove but F1 diglayed dgnificantly sronger
indirect-acting fibrinolytic activity than their direct-acting fibrinolytic activity as determined with fibrin plate
method and /or usng Chronozym U and Chronozym AL as oecific subgtrates. However ,the results from agar
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immune- doubl e- diff uson assay revealed that common epitopes in these enzymes gill wait further e ucidation.
Key words Eseniafodida, plaaminogen activator , purification , fibrinolytic activity , serine protease
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1.0nol/L) , 60 m/h, 40 50 60 70 ) 1h ,

, , , ,37
1.3.3.3 16h 18 h.

TBS Sephacryl $200 HR - (1.6 cm x 97 1.3.12 pH
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and precipitate from different sturation of anmnonium sulfate
°—Q pernatant ; —» —Precipitate

0.15 nol /L 0.23 nol/L Nad
, . D1 D5 Sphacryl S
200 HR ,
. , D1
D2 D3 D5 , D1-
SD2SD3S D5S, D4
D4SL D4R .
(NH,) , S0, B , D1I-S

D>SD3SD4SL D42 D5S
, FLRRRBRHMB F6, F1
F6 1.3molL 0.8 mol/L (NH;),S0,
mB1 , RPRBHM B
0.7nmolL 1nol/L 0.7 molL 0.8 nol/L
(NH;) .0, B2 (
) .
2.3
F1 F6
3; DSPAGE FL P2 3 H
B F6 28 500 29 500
26 100 26 300 14 850 32 800(Fig.2 a) .
DSPAGE FLR2 B MK
F6 100 % 95.2% 96.5% 93.6 %
9% 97.8%(Fg.2b); Fg.2 F1 H
, F1
F4 B F6
DSPAGE
, B F6
3 (7.5% 10 % 12.6 %)
PAGE F F6
«C ). B F6



4 : 541

97.4 -
66.2 >

45.0 >
31.0 >

215>

14.4 >

Fig.2 SDSPACEd the purified enzymes FL ,F2 ,F3 ,F4 ,F5 and F6

The purified enzymes F1 ,F2 ,F3 ,F4 5 and F6 (10 12 g) were subitted to eectrophores son 12. 6 % gl s containing DSin presence
o 2-merceptoetharol (a) or in absence of 2-mercaptoetharol (b) .

After the eectrophored s proteins in the gd were visudized by Goomasse brilliant blue R250-gaining. M :nolecular weight merker

2.4 Fg.4). L R B H CFRy uCFRy CF
10 12ug FL F6 DS uCF /5 C~Hg CF uCF ,

PAGE , hiff B uCFRy ;F6 CFg uCFRg uCF
, = ( Fg.3). , CF ; ( FAg.

2.5 4B D ). FIRR R FHM F

,EFEE 6 ( FHg.4AC )
, F1L F6 1.3mm 5.8 mm 1.0 mm 0.8 mm
( 10 mm.

Fig. 3  Qyooprotein identification of the purified enzymes
After DSPAGE (ronrreducing type) , dyooprotein of the
purified enzymes were identified usng Shiff reagent

(B)

Fig.4 Fbrirolytic activitiesdf EFEE and the purified enzymes F1,F2 ,F3 ,F4 ,F5 and F6
(A) and (C) are plasminogerrrich fibrin plates. (B) and (D) are plasminogen-free fibrin plaes.

The purified erzymes were ssparately placed on plate A and plaeB: (a) 6.3ugdf FL; (b) 5.5ugd F2; (c) 1.4ugd F6;
(d) 6.4ugd F4; (e) 7.2ugd F5; (f) 9.3ugd F3.

EFEE and F6 were ssparately placed on plate C and plate D: (1) 36.0ugdf EFEE; (2) 2.3ugd F6.

Urokinase (41.5 U) was added to the central wellsof plate B and plate D

,,
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EFEE F1 F6 B3 ,
, CFRy ,CF mg FLFR2 BB
, CFRy CF 35U ) 553U 1620U 45800U
) Table 1. 6 590 U.
EFEE. EFEE 2.7
57.2%, TFL FHg.5 A, P2 F3 F4
F2 47.1% 60 1h, FL P F6
47.5%;F3 H (=) 60 1h , ;70 1h
, 84.8% 90.38% JFIR2 BB H (=) , F6
62.8%:; ,F6 (1L.4pg 29 % ;6 20 50 1
2.3U g ucCF CF , Fb6 h
100 %. 2.8 pH
2.6 BAEE Chromozym U  Chromozym PL (Fg.5B) Fl RRB HB
F6 , pH4 9
FL 2 3 B F6 BAEE pH4 10 pH7 12
Chromozym U Chrormozym A , 2.9
( H 6 6
, ), Table 2. (CPHY ) ,
FL P2 R (23] BAEE, F6 , Table 3.
: B, 4 ; DMSD 6
5 , ;@orotinin B
' > , F4 , F1 R2
Table 1 FRhbrinolytic activity of EFEE and the purified enzymes
Fibrirolytic activity/10° n?- mg~*
Typesof activity
F1 F2 F3 F4 3 F6 EFEE
Totdl fibrirolytic activity 65.51 83.95 30.31 31.28 41.95 86.94 8.62
Direct-acting fibrirolytic activity 34.63 44.05 4.62 3.01 15.61 0 3.67
Ind rect-acting fibrirolytic activity 30.88 39.90 25. 69 28.27 26.34 86.94 4.95
Table 2 Conpardive erzyme activities of the purified enzymes
Activity A A) /min~t.g7t Activity A A) /min- .Ut
Subdrates
F1 F2 F3 F B F6 Urokinase
BAEE 200.0 27.5 33.3 ND 400.0 0 ND
Chrommozym FL 10.0 54.3 597.5 ND 3062.5 52.8 ND
Chromozym U 21.8 345.0 1010.0 ND 28580.0 368.8 6.243x10°*
ND , not detected
(A) 4007 (B)
1 --o- Fl -.a- Fl
T 300 —+—F2 2 . P2
g —o - F3 g o F3
‘@ - —o— F4 ‘4 ..0- F4
5 W0z --e-F5 z ol s
2 S S —%— F6 8 - e - F6
£ 100+ 2
0 T T T T "v- 1 1
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Fig.5 Hfectsd various tenperatures (A) and pH (B) on fibrirolytic activity of the purified enzymes
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Table 3 Hfectsd various inhibitors on the purified erzymes

Inhibition rate ( %)

Inhibitors F1(0.05 my/m)  F2(0.1mym) F3(0.15 mym) F4(0.1nmg/m)  F5(0.1 mg/m) F6(0. 1 mg/ml)

None 0 0 0 0 0 0
Aprotinin(0. 50 mg/m) 31.58 29.55 35.4 61.43 100 100
Chymogtatin (0. 50 mg/ml) 0 0 0 12.13 18.2 0
EDTA-Na, (0. 25 nol L) 0 0 0 0 0 100
E64(0. 50 mg/m) 0 0 0 0 0 0
Lewpeptin(0. 50 mg/m) 11.71 22.48 9.61 32.89 85.79 43.62
Pepgatin(0. 50 mg/m) 0 0 0 0 0 0

None: metharol control and DMSO oontrol

F3 ;leupeptin =5 ot cat , "
’ 5 , Ca,2+
; EDTA-Na, F6 ; 1 F6 v4) o
chymogatin M : mg F6 20" Ccd 1.22ug
pepdatink E64 6 . 1.19ug.
6 2.11
, Fo6 . FL (=) R F3 HM F6
2.10 F6 EFEE , Fg. 6 ,
6 F6 EDTA-Na, Fl F1 EFEE
, 10 1h 29 % , (Fg.6a,b), P F EFEE
, (FAg.6 c,d) , FL B
, thernolysn meperin 4
(A) (B) (C) ()
N - s s
i3 : 2 ~ "
e d: oy D
e RS erre b i i
L L e ] n

Fig.6 Double diffudon paternsdof EFEE and the purified enzymes

(A) The center well contained 10M | anti- F1-serum(1 2 dilution) , and the surrounding wells contained 2p g of F1,R2 ,F3,H4,F5 ,and F6 regectively.
(B) The center well contained 104 | anti- F1-serum (1 2 dilution) ,and the surrounding wells contained 2p g of FL and 10p g of EFEE.

(C) The certer well contained 10 | anti- F5-serum (1 2 dilution) , and the surrounding wells cortained 24 g of FL,F2 ,F3,F4 ,F5 ,and F6 repectively.
(D) The center well contained 10M | anti-F5-serum (1 2 dilution) ,and the surrounding wells contained 2 g of F5 and 10p g of EFEE

’ 1/6
6 (FL Fo) 2/5 (36,47 19 20] 6
’ JF1 H R -
, [4,16 18] B o |
’ - P L FIR Rk
14 850, Chromozym AL Chromozym U
' : , 6
. Nakgima 6 5 (FR2 F6)
) ePA o

[14]
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