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FEXE: Yo|$olulNoere FHRINFEA (FE-2)E DEAE-cellulose, Mono-S column & £ 3
AsA T o) AAE EAFo] 182 kDa ©]31.2.1, ICP-MS (inductively coupled plasma mass spectrometer)
£ Ag zn* g 851 YA}t 15HAM 74X 9] N-terminal amino acid A Q& A-L-Y-V-G-X-S-P-X-Q-
Q-S-L-L-vo|il, pH 7544 &4c) 7} & d714 v¥d E5aAZ, EDTA9 1,10-phenanthroline©]]
23] Ao ZAHE metalloprotease R Th. Mg?', Zn?', Fe*, Co*'2] A7} Al &Alo] F713191 24 Hg* ol
A &Aool $s) AFHAL o] Ax (FE-2)v ©d Eslis A4 E-64 (trans-epoxysuccinyl-
L-leucylamido-(4-guanidino)-butane), PMSF (phenylmethylsulfonyl fluoride), pepstatin® 2-mercaptoethanol ©]
AL W] ggonl AHA9 (fibrinogen) ¥HE Al Aa chain®} B chaine E81A1713 y chaini=

HH-3HA] gt
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o2 71R] Aol o5 @ ulel FAHE R

A S35 &3 dEg wel 220 HEAF,

HEE, HEAF A 22 84 JEe
Frdslr] WEo)] o] @A Age FUJI AL
S3l3ke FhEaA0] B3 FHol AFE ¥ AXx
Ak AF7HA] AHEE AL e @A8sAREE 2
7V A, tPA (tissue-type plasminogen activator), strep-
tokinase 50] QU Fof A] Aol tidt HelAo]
Hoj HAEdo] YA, F27UAE Adstne
BT R8T g vHo] Y. 7180 AL
H3 e AL AES plasminogen EAFAE
2 AA) A os HHE St 2
A Ahads AR SH8ke M2 083
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& dore AgEabs g AE wEAM &
712t A 8] Wil fmAgEe] vFol stiet
=3 FFEoEAN 2 9L F F A7) wE
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A7 E T2 Wioery P4 247,
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g=lo] gom AL Haldte B B} =&
Yol ARz B APMola LRI PupFmAD
I} oo A o)9olle A WEE QA ¥
o} AAZQ AT} YastA HIUCh

£ =godAE gujgoiml oty R &
Aol & BHEEL (FE-2)9) B54& ¢xslust
Cig=

ME 2w
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B Ayl ALRE AN EE 19983 109 3 A
ohatoll A AAElT EFEAH T AER AMEsIATh
Aleke 2 AME-3F fibrinogen, plasmin (P 4895, 3 units),
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plasminogen, thrombin, bovine serum albumin, agarose,
glycine, Sephadex G-1509}, protease inhibitor Sigma
A ¥&, DEAE-cellulose= Whatman Al %&, LMW
Electrophoresis calibration Kit= Pharmacia #|3&-& A}

883t
2. g s aLol YA

EE A HAHE 4TAA #9312 A 1
Aeitt GG @0d B2 A3 A
A% #4120 mM Tris-HCl 9589 (pH 8.0)°]
B3 2 Ren ARSI @& JFAE 44
b ERF BT F 2 938902 YYE DEAE-
cellulose column (20200 mm)oll S Bz ¢4
A 200 mLE HolF ¥ 0~05 M NaCl¥] 5% 7)&
712 §EAZT 4ol ZEd £EL 20 mM so-
dium phosphate &% (pH 6.0)9] FAAIZ £ FY
g AF8N0= vl HHYAZL fast protein liquid
chromatography (FPLC)©] Mono S column (5.0X100
mm)°] FY3ATt $FEH 3 mE RAJE F 0~
0.1 M NaCl B& 7|&7]2 &EAA T ¥4 §
g FPLCO] Z9ole #8 3 &% 033 miojx
45 &$5= B9 | mE 85t & £ 54
48 ST F 4ol & BE (FE2)& Fo} 4
Holl ARg-aH3Th

3. SHEel Y

AAo Tl ARL Lowry T2 Wol <))
o £45%2.7 bovine serum albumind AME-E ¥
EFAM ot AT

4. T SsHgde| &Y

Haverkata-Trass®] fibrin plate'§9ol] w2} 29% gelatin
BHol =291 0.7% (w/v) fibrinogen £ 10 ml2} 0.05
M barbital €3-29 (pH 7.5)0] =<2 thrombin (100
NIH units) 50 ul& & 42 F o] & petri disho] ¥
fibrineh-& RFEACE A2 GNE 20 uH fibrin plate
ol AT F 36 CAA 8AIRE RSy &0
93 fibrinto] S &3] WHE SAH3Q 4
A2l #4E SAsUTE EFUYRTEE plasmin
& AHB3EE plasming F&H o2 FAsle AL
EFETMel et 848 Aok

Fibrin platex= plasminogen©] HA ¥ fibrinogeni}
plasminogen®©] X3HE fibrinogend ©]-8-8} F 7}¥]
oz Fulsgc

5. BRI &%

eAe] A H7]9% 3 MALDI-TOF A%
A7) (Voyager-DE STR, Perseptive Biosystems)S ©]
B8t ZABIR2H, gel2 coomassie blue R-2503}
silver staining kit2 ¢ 43}3]th. MALDI-TOF 3% &
A7l g BAF £3L 7|298 AUdATA
()M S350

6. N-terminal amino acid A& &4

Felg A29) amino acid sequencing 71Z 38t
R PYATA (M-&)oll precise protein sequencing system
(Applied Biosystems Model procise-491)8- Al-4-3}¢
TP

=
[=]

u
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ol2e| &%

BoIY mavh 23 gl B4 FRY P 4
A gj ek b 7hehR) YA E{ ol A Ultra mass 700 induc-
tively coupled plasma mass spectrometer (ICP-MS, Ultra-
mass 700, Varian)& ©]-8-8te] A3l

8. Z& pH

#40 BAo] mAE pHY dFe A Edes
0.1 M sodium phosphate buffer (pH 6.0~7.0), 0.1 M Tris-
HCI buffer (pH 7.0~9.5), 0.1 M carbonate-bicarbonate
buffer (pH 9.5~10.0)8 AHE-8F3 3 7] A2 N-Suc-Ala-
Ala-Pro-Phe pNAS AME-8Fe] 35CollA] B8 a
29t ke ZKr RS 84S AT 5 3
mM2] 7]A 50 plol] 3|33l buffer 925 plok T4
25 plg ¥ 4L F 405 nmol A FE= HEE &
Ly

9. B4 gAol ozl 3% 27t 0|20 B4 H
sixle| HE

ARG BAx B de F4 o9 Qi
A AEAle JEgS Golrr] HAsld 2 mMe
CaCl,, CoCl,, ZnCl,, CuSO,, MgCl,, FeCl,, HgCl,,
EDTA, 1,10-phenanthroline, 2-mercaptoethanol 2} ¢

-262 -



2 EalEs A=A PMSF, E-643} 04 mMe] Pep-
stain A& 2L 599 PG aL Sl He &
fibrin plateo] FA &3 36°C incubatorol A 8A17F ¥
3E 93 S S8t @4E vusigi.

10. g™

3”34—0” °|°|" g'l?' '?LQ'I ‘E‘BH ché}

g 54 (1.3 pgmh 4429 2 mymhS
36°Coll A WREAIZIEA AT AT E g Faowt
- 4FE FHstd M719EL Pl A4y
3 A& £498910h

2 1
1. g 8siasel HA

FA-G AL (FE-2)= Table 19149} Zo] 3¢
€ A 28 AN 54 9L DEAE-cellu-
loseo| FY3F A} FAL 2He YRR HAE &
o BX ¢&x 2] Jgr} FPLCY Mono S column
£ o] 83l Ag 2§ 84 FE2 SDS-PAGEE
T 709 wE veRdE, MALDI-TOF A £497]
€ o] &3 Ad 289 BAFS 27} 17946 Dadt
18147 Da o]t} (Fig. 1). F A FPLCS) A3} o]&
< F 719 peak (FE-1, FE-2)& ¥25%loH SDS-
PAGE?| 23} ¥|u3 ¢4 v Wyl Yepdoez
I £EE BRI = UAT (Fig. 2). = Table 10]4]
9} o] #nFolHAe F& 4o EAlshE A
B8] 829 FE-13} FE27} 74%2} 26%2 FE-10] ©
Bo] SAA Y, &L 242 327 UmgH 43.4
U/mgZ FE-27} FE-1 2T}t ¢k 1.334] o =4 el
T} (Table 1). FE2& AF7H4] MA 028 &g

YARNAEL F AR50 AR 2 a4
€ 4ge nlgyel 8 FE29) B4el tlsle] AT
sk

AAY A4 (FE2)= plasminogen-% XEE= fib-
rin plate ¥R ohEt EEEA] WL fibrin plateo] 4]
E Ze 848 Uit (S ANEA 48,

2. BX1Y &Y

SDS-PAGE$} MALDI-TOF A% E47]& o] &3}
o A% Aa Feld E4 (FE-2)9 EA43o] 182
kDadl & €A =3, £a o] Bt @A)
2 o]2o7 AL & & ATk

3. =

1

ol2

ICP-MS& o] 83} FE-20] 2t1 gle F<49
F-9 kS &AE A o] AAE 1 mole B Zn*'
0.98 mole L.88}31 Yok

ttio o}-}l

4, N-terminal amino acid M@ 249

o] &4 (FE-2)2) 15HA7}R)
AE 24 A= Ala-Leu-Tyr-Val-Gly-X-Ser-Pro-X-
GIn-GIn-Ser-Leu-Leu-Val.©. & FE-19¢] A"} zgkc).

N-terminal amino acid

5. %X pH

7)8 & N-Suc-Ala-Ala-Pro-Phe pNAS 0|85l pH
Aste] ©hE &4 BA4E FAG AF Fig 39 2
o] pH 75014 A9} BAH& HoFE G7l4 &
B Eaasgich

Table 1. Purification of fibrinolytic enzymes from Tricholoma saponaceum

Purification step Tota(l rggtein Total(iljc)tivity %{)ﬁ;}]fgii) ?(c):mt)y Reg%ery Purigclzgtion
Crude extracts 1510 1426 0.95 100 1
DEAE cellulose 39.2 359 9.14 25.1 9.67
Ist Mono S (FPLC) 7.92 233 294 16.3 311
2nd Mono S (FPLC)
FE-1 4.07 327 9.32 34.6
FE-2 1.43 434 435 459
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Fig. 1. MALDI-TOF Spectra and Electrophoregram of the Ist Purified Enzyme. Lane 1. purified enzyme: lane 2.
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Fig. 2. FPLC and Electrophoregram of Purified
Enzyme. Lane 1. FE-1: lane 2. Molecular mass marker:
lane 3. FE-2.

4 4ol olxle 2% 27t o|2nt tE
=38 H XM el Het

Table 29} Zo] Co¥, Zn?, Mg¥, Fe¥'e] A% &

{Bec
i

o] F7}sl o Ca¥ BeE okt Fag
Cutell 28] F43) ZAasltrl Hg'el A4
Aol UEhEA] sttt 24+ @i siid A8
Aol th§k AL FAE A3} serine protease A3
A|Q) PMSFol o}slA = 3t ATy cystein
protease A8 AQ1 B-649} aspartic protease 3A1<!
pepstainoll Q3 E Ao Ei Aol JFgE ¥R
F9kcl 1 mM<] EDTA®} 1,10-phenanthroline A7}
T A4S Zao 84o) 473 A=A, s mM
9] EDTA%} 1,10-phenanthrolineE 7}gt 7390l &
A3 o] Jeltr] gl

7. §MRE| E40| 2E MLl 2l LAt

lrm

AAG AA (FE-2)9 Af49 (fibrinogen)o] ®E
S A AEE A w3 AE SDS-PAGER EA T
A3} fibrinogen®] Aa chain 5% ¥, B chain& 20
B Fo] 237} dolwtx|gt y chain® 90# Follx
&4E& WA Fskot (Fig 4).
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Fig. 3. Effect of pH on the Activity of the Purified

Enzyme (FE-2). Activity is expressed as a percentage of
maximal activity.
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Fig. 4. Degradation of Human Fibrinogen by Fibri-
nolytic Enzyme. Purified enzyme (1.3 pg/ml) was in-
cubated with fibrinogen (2 mg/ml) at 36 C in 20 mM
sodium phosphate, pH 7.0.

o

Adijle] A 49 F M £ vFE 28}
3 dE Aol E#A AFolt). o] @A Ag9)
FHUY F st gHhog o] AL SAE
A -galAlo] T FA o] FolA I Ut} 7)E0
AHR-E AL e EALSAES 97 71X B3 8-&
et s, tiF-8 Yo &) wEo} 7140)
A E3E 23 ok gk o] gdg SEY
F AT A2 g8 Mde] BadlA 5
Ak HAo] Ao FHEQ HBAL A=
wd EsjEA7 Yuhe Gaviilovadl Bado) o}
2}, @50 AAste ofAl MY dHE 08

Table 2. Effects of various divalent ions and protease
inhibitors on protease activity

Reagents Concentration ac};:iifsiit(;/u(a"%)
None 1 mM 100
Ca?* 1 mM 93
Co** 1 mM 128
Zn** 1 mM 136
Cu** 1 mM 48
Mg* 1 mM 110
Fe** 1 mM 11

"~ Hg* 1 mM 0
EDTA 1 mM 51
5mM 0

1,10-phenanthroline 1mM 71

- 5mM 0

PMSF I mM 88
Pepstain A 0.2mM 103
E-64 I mM -~ 101
2-mercaptoethanol I mM 100

E-64: trans-epoxysuccinyl-L-leucylamido-(4-guanidino)-
butane. PMSF: phenylmethylsulfonyl fluoride.

ZARE A3 gu)gol Ao A FHg8)Fo] w$
AA YEsth o] gulgolmA oz RE £l F
YA g8 AL (FE-1, FE-2) & o] 2 9|BAL Ve
H FA (FE-2)E fibring €88l 210} plasmino-
gen activator (PA)Z 28811 31 fibring A 7}
FEshe FAEsEAN oA, B (434 Umg)
< oln AEE #r|FoWMA (FE-1: 32.7 U/mg), %
YA (17.02 Umg), 22 (1.4 Uimg), =7 (1.84
Umg) S 2HE Feg F48 B} vl$ 2 A& ¢
F ATk & o] At ACRRE Eo ¥4
LEA F EH8dlFol 7MY & ¢+ Ak

B BRI (18.2 kDa)& Al (30 kDa),
E (51 kDa), 3% (28.2 kDa), 32 (41 kDa), Shio-
kara (35 kDa), FLHHHA (185 kDa), X1 0] (20 kDa),
WE21E2) natto (20 kDa)25-E £ej3t §HLs|&
a0 vzt 2L ¢ & Uk

o] &42] 154 7}A] N-terminal amino acid A1 ¥
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24 A3 ALY-V-G-X-S-P-X-Q-QS-L-L-Ve g
AF7AA BEE PR, AR, YA
A3t “ela| AP 29| metalloproteased} TS T
29 2 ZAGT v|FolAo g E B
3+ FE-23} FE-1=, 22 N-erminal 7&& 231, ¥
A}gFo] 200 Da Atol7F Ve AR Hol o] AAE
< 2 A4 Ex¥Fo] & FE-29] C-terminal 4
F71 &8l Yo} FE-10] A7 Ao g AZtEr| % 8
B T3k 22 N-terminal sequencings 2t thE
MY 7PFHE A wAT 5 doP,

TG FE2% pH 7.5004 A9 84& BAFE
714 @9d Baaich

Table 29] ZH2FE o] A FE2)= 84 T4
o metal jon2 Z+E metalloproteaseZ FAE 4= 9l
=6l ICP-MS9]| 27} mole 7 Zn2+& 0.98 mole £
ki e AR WA o] o] AH L
F 27} metalloprotease?] 73-F-o 1 84 FAHel 3
= F% o] YRE zZn?o) A7 Cot'e] BAL4E
d2HA .

B3 271 34 ol A Ao i FT
& FE-13} v|a&td Ca*e] A& AQsta 5
=AA vebgth 22y FE-12 EDTA | mM3} 4 mM
o 98] gAo] FAaEE A=) vlT WA, FE-2
= EDTA 1 mMoll 9J8)] &40 Z43lth 4 mMollA]
t $A3) AFEHJAT (KE AAFHA &) 1,10-
phenanthroline® H7}&k 79 84do] &43] AEH
Aot Co* it Zn**e] H7bol o sl Aletzl g o)
A Aol A= AP

ey AfAag3te] ¥ Al FE-19 34 Aa
chain®} BB chaino] A9 &L $EZ 308% Foff ¢
A3 Ea|EA|T FE29] 79 o % #a7t o
o]%t 21, Aa chain®] Bp chain Bt} =F o] g
a7 dojve A& € 5 AT 23U F A
& BT 90%0] BHA3A%E v chaind E3FHA] £
.

E& AA full amino acid sequencingS 31 -4
3 & & JAAT, XSS AHREHE FE-12
FE-29] C-terminal 457} s 43 Aes &
A=, ole} Fo] T2 BHIRE YL F &AL
Z+& N-terminal 72E& 2+11%, BA1gF xjole FR)
gh v @A 3pol7t A YERE of-E, catalytic

domain-& N-terminal g Foll EA3HA|RE, 8283l o)
8% 9¢€& 3 binding domain®] © & ExF
S zZ+= 549 Cterminal G0 Q7] W02 *
A,

& 49 A9z 22 84 FE2)T, MHle
2Ry 23 ddgsas 3 ddLelsol MY
A, 2AFE 2, Ae A faA7E g4
Ll asz HgARe FHE 21 9o, o]
29 catalytic domain® binding domain®l] &3k
T 37 Fo) B A AEE AXHE AEE ¥
A& o] 7tsd ALR ot
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=Abstract=

Purification and Characterization of Fibrinolytic Enzyme from
Tricholoma saponaceum (II)

Jun-Ho Kim'

Department of Chemistry, SangJi University, Wonju 220-702

Fibrinolytic enzyme (FE-2) was purified from the fruiting bodies of Tricholoma saponaceum using
DEAE-Cellulose chromatography and Mono-S column chromatography. The enzyme has a molecular
weight of 18.2 kDa and include Zn** ion as found by ICP/MS. The N-terminal amino acid sequence of
the enzyme was A-L-Y-V-G-X-S-P-X-Q-Q-S-L-L-V. It has a pH optimum at pH 7.5, suggested that
FE-2 was a neutral protease. The activity of FE-2 was highly inhibited by EDTA and 1,10-phenanthroline,
indicating that the enzyme is a metalloprotease. The activity of FE-2 was increased by Mg¥, Zn*', Fe*,
and Co®", but the enzyme activity was totally inhibited by Hg?". No inhibition was found with PMSF,
E-64, pepstatin and 2-mercaptoethanol. The enzyme hydrolyzed both Ac. and Bf chains of human
fibrinogen. The y chain was resistant to hydrolysis by FE-2.

Key Words: Fibrin plate assay, Fibrinolytic enzyme, Tricholoma saponaceum
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