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Rad DC Protein Assay) T Bio-Rad 227, BA L
UL (HRP) Fricd Fhu/0s BP0 HAR S i W RE ¢
JeF (FITC) frid FHu/ BBt A Eatk e Rk
WHEARATIRAF, G4 05 B BT DY 2= 2w,
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A, ARYEHR I . AR v SRR IR
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1.2 A%
12,1 FE 2 g b BR BUME sl 4 38 4 o T B
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PekE, P ARG RS BE K B R0k
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1.2.2 A IZER ik (PAGE): KM 5%
WAL 15% 7 B IR ES: R ATk, 5
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pH 7.5) P8 L5k Tween 20, #A 5K 5 EDIBESE N
RAJEY S50 (DAB/NiICL), 2~ 3 min WEIH
PURER O, ZRMRM/KDEN 28 1k RN, T4
1.2.8  #&epukse fipula: 40 M€ F 43 il H i sl
Y (RWIE R 30 mg/L) YEHI2h, 4h, 9h,
12 h, 16 h F124 h Ja IR €, R0 %5 e (019
YO EE. R HIAE P AR FI ) B, R IE R 40

MECE RN (HCT-116) — i, 2.5 g/L ik
B AL WAL EE, JT) RPMI1640 582159738 (& 5%
JaA- L) FRRE — e % (107 ml). F5EH &
TR REAS RS R (2 em x 2 em) BN 6 fLA1IE
Begeti, WL HL 100wl bk 4 o R v T 8 B8
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PER, FREL— @ REECIEAE, MANZ MW B (&
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.
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Fig. 1 Hydrophobic chromatography of Eisenia fetida extract (a) and purification of ARSP1 from Peak B by ion exchange

chromatography ( b)
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25 052 125 281; HAEAEME PAGE BSR4 #H
M Z %4415, SDSPAGE Jah—4%tr, M#FEA7
1T 28 ku.
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Fig 2 Identification of the purity of ARSP1 by mass spectrometer ( MALDF TOF) assay and the result can be compared
with PAGE and SDS PAGE analyses at the same time

2.3 NimFIIMNESR

W13 ARSP1 ) N 35 25 DN EILRR T 51 0: e
(Val)-Ile Gly- Gly-Thr( Ser)-Asn( Asp)-Ala Ser Pro-
Gly- Glu- Phe Pro- Trpr Glir Lewr Ser- Glo- Thr- Arg- Gly-
Gly-SerHis Ser . 301, i 6 AN LR 1241 s 1t
LT ARSPL JE AR SL 26k, 105 7~ 18 242k

1 ARSPI{ Eisenia fetida)

(]

Fibrinolytic enzyme F- [ - I-earthworm
( Lumbricus rubellus)
3 Fibrinolytic enzyme F- [ -2~ earthw orm
( Lumbricus rubellus)
4 Alkaline trypsirlike serine proteinase
F- - earthworm ( Lumbricus rubellus)
5 Fibrinolytic enzyme component A
( Eisenia fetida)
6 Trypsirlike protease
( Arenicola marina)
7 Suppression of tumorigenicity 14
( Homo sapiens)
8 Transmembrane protease, serine 2
( Epitheliasin)
9 Plasminogen activator sPA
( Scolopendra subspinipes)
10 Complement Clr/ =B

( Cyprinus carpio)

1 VIGGTNASPGEF

#2751 (ASPGEFPWQLSQ) & % b 22 % 1% 2K 11 iy
P I —BUF . N u e s e s 3 (K 3) &
/R, ARSP1 55 22 54 [ 8 1 B 28 i P [, DI A
55 Nakajima 257 3036 0 P Rl LT W BEF-1-1 f0
F-1-2 MLk,

I I(V)IGGT(S) N(D) ASPGEFPWQLSQ|TRGGSH] S 25
I IGGSNASPGEFPWQLSQ|TRGGSH] 24
I IGGSNASPGEFPWQLSQ|TRGGSH| 24

I VIGGTNASPGEFPWQLSQQR 20

SQQR 20

49 IVGGVEARPNEFPWQVSLTNTGGSH 73

615 VVGGTDADEGEWPWQVS 631

254 IVGGLNASPGDWPWOVSLHVQGVH 277

34 IVGGEAAEPGEFPWQIS 50

445 VFGGMQARPGQIPWQLLHKMHTRGGA 470

Fig. 3 Alignment of ARSP1 N-terminal sequence

2.4 HERRUE
ARSP1 (15 IR 4 200 mg/ L 1, fEM %2 5]

AN (HCT-116) AR E B 13 =244 (E
ab),  FEI kUG AE AN AR [0 A 457, foe 2% I R P 405 4
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AZANME. FRE, s R OE IR DO IRl YRR AL 0 M 822, T REAFAEAS Ik — A
60 mg/ L 1, HEN%E B0 H 73 52 41 I (M SR 2L L &, Ja A LE, M AEE S ) ARSP 225 1 i 5 46
RV RS K A A LASSCH B ot OB R AT LA O TR AT A R i

T MR (B 4e). IR RATIA A, 5k

le) “.?vt = bl
L . -
BE 7 e
»
R¥L . e
L tp AT X g
& A v W g
[ 1 _‘,':. » "
X @ e N
% & o &4

Fig. 4 Morphology of cultured human tumor cells, HCT 116, photographed by phase contrast microscopy, in 48 h experiment tested for
cytotoxicity of ARSP1 (200 mg/ L) and 24 h experiment tested for cytotoxicity of Eisenia fetida extract (EE) (60 mg/L )

(a) control cells without any treatment in 48 h experiment; (h) cells treated with ARSP1: (¢) cells treated with EE. Compared with the flattened

lineament of normal control cells, (b) shows that the treatment with 200 mg/ L. of ARSP1 induced apoptosis with the typical morphology symptoms,

such as round contour, restricting and wrinkled cell membrane and apoptotic bodies; however, some necrotic cells were also observed in (¢), with

swollen cell membrane or even membrane I‘mgm enls,

2.5 TRMIKERIRIR R A — S, AT 28 ku &b, X UL A A4 T 1
WA ARSP1 Z 3 BEHUARRIZ M 2 10 100 000. ARSP1 (%5 BB — B, ifn HIL 2 o0 B Hu ik s
[l 5a th AT AR BT ARSP1 2 e BEHUAI e e SR, P& 5h b e 95 5 06 BOR s A A [ i

k

i 2

t

i

I:; ...

Fig. 5 Assay of the purity of polvclonal antibodies of ARSP1 (a) and location of ARSP1 (b)

(a) I: Eiseniafetida extract after immunoblotting: 2: molecular protein marker stained directly by Coomassie Blue R-250. (h) ARSPI was purified from

Eisenia fetida extract (EE). in human tumor cells HCT- 116 by immune fluorescence techniques. HCT- 116 cells were cultured on glass slices and fixed by
acetone after different effect time. The first antibody, polyclonal antibodies of ARSP1, was obtained from BALB/ C mice. The second antibody, FIT G labelled
antt mouse antibodies from goat, was commercial product. 7: normal cell control, had been incubated with RPMT 1640 incomplete medium instead of EE for
24 h and later with the first antibody; 2: normal serum control, had been incubated with EE (30 mg/ L) for 24 h and later with normal serum instead of the
first antibody. Those cells of experiment groups (3~ 9) had been effected by EE (30 mg/ L) for different time (3: 2 h: 4: 4 h: 5: 9h: 6: 12 h 7:
16 h: 8, 9: 24 h) and incubated with the first antibody. Then all of these cells were immunc stained by the second antibody and phetographed under
fluorescence microscope (Olympus) . Compared with that of two negative controls, the distribution of fluorescence in those cells of experiment groups tend to focus
on specific areas and differentiate directionally among themselves by the different effect time of EE. that is, the fluorescence distributes specially on the outer of cell
membrane (3). under the inner of cell membrane (4), in the cell plasm (5). on the outer of karyotheca (6). under the inner of karyotheca ( 7) and at last
focuses in the complete nuclei or apaptotic bodies (8, 9). Note that the possibility of being stained of some cells in (&), which already falling apart, is decreased
dramatically. (7~ 8) 150x; 9: 300 .
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i) i ARSP1 7ESE40 N (1) 20 Al s o, 79 LAk — 20
UEW] ARSP (40 M 81535 vE. AR BIPEXTHE (1,
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Fig 6 Isoelectronic focusing electrophoresis (IEF) of Peak B
and ARSP1
I: ARSPI1: 2: Peak B: 3: standard p/ protein marker.

o
o

2.7 BEREE
&l 7a F1 b g AHFEIFE S AEEYE PAGE Ja, 4 5
BHTHE SR A g R S ie R a5 . K 7
AICAFE R, FLAT 0 M %405 0% M 1 W R TR R A A A,
W AR R B, 5 AT A 1 LA (1 B AT e RO
JIk,  H. Schiff s 7 5%t 195 41 €4 445 vk B Ar 1 5
i, (HAlAk 5 R R 2> ARSPL 76 PR 4 (o i
BRI o2 505, ik, srrilh, BT 2 IREERE
FEAG O AL — ¥k, AF A0 K 1 23 -1 o i AN 2
. HLAEAE R Ay A s ok P 4 %ok DA RSO i A (
T P SR) % 4 1R B A AN () R 1R 451 4,
PN ARSPL JE R R 52 2 P (N Sl 75 &5 )
MEIN, X SEHEAF ARSPL (RS (18 1h) I
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Bk ise (F2) R REEa RN £ ik, ik
AFYE PAGE P& 1% 5 0] LA 00 M sz ik 3G 43 7 Jo ik 1
JIT v G AR ¥ — e LA R 45 AT ik ARSPI
SDS-PAGE Ji L5 — 4445 8 (B 2) #—2
PLIEW], 7E SDS-PAGE Ff i (1) B Fi Ak £ B34 J5t A
WK AL BERE FE . ARSPL [RIBEIE G 7%, ) 4
o R4y 7 a4y 28 ku.

(a) 1 2 3 (b) 1 2
~' ! s

Fig. 7 Schiff s staining of glycoproteins after PAGE (a)
and Coomassie Blue R-250 staining of the same protein
samples (b)

1: Eiseniafetida extract; 2: Peak B; 3: ARSPL

2.8 LAATEMERINE R INH LI

8a Fl b 43 W B 31 A8 # JA M7 I 4% 7%
2R s 1R BT PR ASORN B P ARG s 45 R, JLh 44,
45, 46 J) ARSP1 PE WA [ FBALAE S, AT LAAS %0
ARSP1 [ i HLAT 2 95 By R0 21 95 Bl W 05 . B 8
i PMSF X ARSP1 £F ¥ By 3% 4 1 410 61 45 3.
PM SF ¢ 22 2 FR BRI (1 AN v i 40l 750, B i) 22 24
MR MAANE AR, [ 8c £ ARSPI [M4F#%
WE Sz BB B AP, 454 I N S S b A A R,
ST ARSPL & T~ 22 2 [ i B 2. [R) i A BA
FH], ARSP1 EMIVENR bR Ky HLIE Sbh4t (K75 .
3 it e

ZRATLA B S I 45 BT A, A O 0 s T g
ARSP1 fE kA AT LLH 321 3 40 L (HCT-116)
PR, T EL R AL e L 2T 5 iy R0 2T 4 T 0 4T 17
BT W RE AR, HPIEsEE TRIK. Xk
TR b OB LT A1y BRI,
BF9T R I R AR B i T A M L. B e
LEANRIRN 2 A5, BIETFEZE. LREA .
PEBPUA . AMA 7 ORI AL A LAV 2 IR A
&, HZIREER SV 2 R A aE, — T 2~
104> B4R, 4 1 Tk 29 540~ 3 200, #iF 5E ¥ H 48
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Fig. 8 Fibrin plate assay of ARSP1

In negative plate without plasminogen (a) and positive plate with plasminogen (b), samples were tested under the same conditions (0. 1 Hg, 377C,

4 h). Those samples tested are eluted at different time by linear gradient in ion exchange chromatography of Peak B, and 44, 45, 46 are different

parts of ARSPL. In (¢). the inhibition on fibrinolytic activity of ARSP1 (3 Hg, 37°C, 1 h) by PMSF was tested. Those samples in different wells are

I the solvent (0.02 mol/ L TrisHCIL, pH 7.0~ 7. 4) tested as control; 2 ARSP1 without PMSF; 3 ARSP1 with PMSF (0. 5 mmol/L): 4 ARSPI
with PMSF (1. 0 mmol/ L) .

AR R. IR SR, BEEER A SRR AR BT
fE2 DIAH K.

Wik L 30 490 S 95 A% A0 4 M B 40 M 1 K 2 4 i
(CTL), WIS 42 N5 15 1 G J2 R0 A i 9
PACRPER]. e 2 A LR A A e, {H
PEIE I AE R FLFE (perforin) Kl — 4 22
WREAMAENN FHRIE T TR, X444
SRR 1l e PR AR ( granzyme) UV 41 IR T
s 1 20 i el I AN () 30 B B A o T e A R
(R, R A P 2 A0 ) LRI A% O, 4
TRl P 1 R 2R A T A O T L R
WAT R ARG 2 M, R . Ca™ MO P YR
FIM (calpain) LR BE A IKES (caspases). 4f L U
THLH B L G F o A7 A — MK IIAT AR 4L
MRt R0 o A HESh P I A, i s A
A AR B AR AT A B SAH SCHLHRIAS 2 T ) IZIRA
PR, JUICRE G i P iy, sl i) S R0 AL
KR (innate) « AEFFSI (nowspecific) « AE T
] (norranticipatory) FI1AEFEFE (nomclonal) . BR
TEF L ERE AR, RO FE LR
WML ZE (cytolysin) 22, LUK W L 50 42 i 985 34 4 14
T (TNF) HZhHeRL 7 CCF ( coelomic cytolytic
factor) 'V EL 20 IR 12 | b 5 DL AR, ARG
o B . . 0 22 20 B B A 10 K R R
P R AR R A s R (g, & DE
WYY 7% 192 kgl v e sl 22 20 1R sk R LA 2 R
FeFedk, M4 ol e 2 5 AR B AL S N ) 22
FEVE. bAh, 22 % ts B i o il b R 4n g
A OB T SR, 2B T i ] Hp A G Al 2K 1 T
el I A 5t.

R BF AR, Ml o 22 2 MR B AR

REIEE AR, AR R (Al
HR) WS mCw R A TE, TNF (IR
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Purification, Identification and Partial Characterization of
an Apoptosis-related Serine Protease From Earthworm
XIE Jiang-Bi, GUO Zhenr Quan, WENG Ning, WANG Hong-Tao", JIANG Guan-Qun, RU Bing Gen
( College of Life Sciences, Peking University, Beijing 100871, China)
Abstract An apoptosisrelated serine protease (ARSP1) was purified from FEisenia fetida extract ( mainly a

group of antrtumor protein components) by hydrophobic interaction chromatography and ion exchange
chromatography. The molecular mass assayed by SDS-PAGE and isoelectric point of ARSP1 were 28 ku and less
than 3. 8, separately. However, several coterminous bands could be observed by PAGE of natural ARSP1 and
several coterminous peaks of ARSP1 were also detected with MALDEFTOF-MS when the relative molecular mass
of three main peaks are 24 645, 25 052 and 25 281, separately. The N-term amino acid sequence of ARSP1 was
assayed as following: I( V) IGGT(S)N(D)ASPGEFPWQLSQTRGGSHS. And, a result that ARSP1 is highly
homologous with serine proteases was concluded by the comparison of N-term amino acid sequences. In vitro.
the cytotoxicity of ARSP1 was not only identified by phase contrast microscopy observation of apoptotic cells,
but also studied further by the localization of fluorescent antibodies. By Schiff s staining, ARSP1 was identified
to be glycoprotein or glycopeptide. By fibrin plate assay, ARSP1 was identified to be a plasmin and also a
plasminogen activator, and the fibrinolytic activity was inhibited by PMSF (an inhibitor of serine proteases) .

Key words ARSPI1, apoptosis, serine protease, purification, glycoprotein, plasmin, plasminogen activator
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