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Optimal Production and Characterization of Fibrinolytic Enzyme from Fomitella fraxinea Mycelia.
Lee, Jong-Seok, Hyung-Suk Baik, and Sang-Shin Park'*. Department of Microbiology, Pusan Nat'l Univ.
Busan 609-735, Korea, 'Department of Biotechnology, Dongguk Univ. Gyeongju 780-714, Korea — The
culture condition was investigated to maximize the production of fibrinolytic enzyme from Fomitella fraxinea
mycelia. Among the tested media, Coriolus versicolor medium (CVM) showed the highest production for the
enzyme. 2% galactose, 0.6% yeast extract and 0.1% NaNQj, 0.1% Ko;HPOy, and 0.05% MgSO4 7H,0 as car-
bon, nitrogen, phosphorus, and inorganic salt sources resulted in the maximum level of the enzyme activity,
respectively. The enzyme production from F. fraxinea was reached to highest level after the cultivation for 10
days at 25°C and pH 9. The enzyme activity of culture supernatant was most active at 40°C and pH 10. The
activity of the enzyme was inhibited by phenylmethylsulfonylfluoride and aprotinin, suggesting that it is a

serine protease.
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A2 £45 A FHA A 52 fibrinogen©]
rothrombin® 2H7-8] &4 3H4 thrombin(EC 3.4.21.5)%] 2t
&l 2lsle] fibrin®.2 A 3ee] £-84 SHAE AT
24 AAAEE(18]. 3, Aol P FH] L3l
slasminogen > Z45-E] plasminogen activatorel] £J&}e] #HAJ
$H¥l plasmin(EC 3.4.21.7)9] 2hg-of &Jste] L35 oH20].
A& A3 fibrin] FAT Sl A HellM o=
o] FAaHkgol osle] vl A A 6] L
2\, fibrino] AW 24 Al 2lsled HYHo= 78
A 3 Haell HHE o IR, AN 2 A
Zupa] Fo] ZFITH5]. ol whel T Aol o3 A<l
He] A8AE ] Aste] dA FAE w8
34 f AAE FAe S8R E el st Q77 =
HejellA] ghds) A= glet,

AF7HA] el AR8E I 9l PA 8iAl2A: urokinase
[32], streptokinase[19,26], lumbrokinase[21], & tissue-type
plasminogen activator(tPA)[28] £°] 3lom, o] &Je =
ol AF FoIM d7E AL AT dBe] A
BA1F 59| serine protease -3¢ nattokinase[4]} =<}
T HEAE Fo AL FA11,15,16,31] ol ATHe
A A7 3L A% 7154 AEL 7Rl dig Aol
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2 Adell A ARgal oS wAle] FFe EAE
Hol| A B w2 ASI17015 HFEA], g wix 2=
PDA(potato dextrose agar) W|A]5 AME-3}o] APHulA] Alol]
Al 25°C, 79 FRE wiFRE F 4°C WA Ie| skl

AEHIX] X DAL

F. fraxinea Z5-E19] g3 T2 PAAE v]alslr]
$13t WA} 2= CVM(Coriolus versicolor meduim), CDM
(Czapek Dox medium), LEM(Lentinus edodes medium),
MCM(Mushroom complete medium), MYGM(Malt yeast
glucose medium), 3 PDM(potato dextrose medium)S- A}
a3l om 7t wix]e] AL Table 13} 2o} F fraxinea s
PDA % wliA] Aol AEste] 25°CollA 7% St woFst
T gk ] Ake] #AE 5 mm cork borer® A wiEte] -
AL disk SRS TUEA A2l AAA] 100 miel HF
3} 25°Co1w 1047k 120 pme.2. A8} wioFsioiet. A

g 2E wjRE 121°CelA 158 Bt FFsieic) vk,
e, QA Bl Fr)o) T okl whE B4 A4t

AL Bakslr] sl AlFHuA] F= 71 ol o §4 FALS

el cvMe] A F T kS AT 2% &
a4, 0.1% A4 I " 0.05% —r7]o]-3— S A
A71sle] Adsladdt. 34 *E*L— N Y wike=s &
A7) Ysled 15°C~40°C7HA] 3F27)2] L5 5°C 1AL
= zAste] wjFsislent, Hx pH-z_— 574s17) flste] o
AwA|e] pHE 0.1 N HCIE} NaOHZ pH 4~107}%] 243}
F A wekzelA HA wiekx|zh St wiekslalet.
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Table 1. Composition of various media.

Media (g/100ml)

Component
CvM CDM LEM MCM MYGM PDM
Dextrose 2.0 2.0 2.0 0.4 2.0
Sucrose 3.0
Starch 2.0
Galactose
Peptone 0.4 0.2
Malt extract 1.0
Yeast extract 0.6 0.6 0.2 04
Potato 20.0
NaNO; 0.3
KH2PO, 0.046 0.046 0.05
K2HPO4 0.1 0.1 0.1
MgS04-7H,O 0.05 0.05 0.05 0.05
KCl1 0.05
FeSO4-7TH,O 0.001

F. fraxinea WS 3000X g oA 158 5<} L4223
FAEHE EAN 07 AgEll o, B4 42 fibrin
plate AFol| A Astrup P [112- H33sld EAs16iH 0.1 M
QAL &2 (pH 7.4) 22 ZFA|3 1.0% human fibrinogen
2.5 mlell 1% agarose 54 7.4 ml®} thrombin(100 NIH
unit/ml) 0.1 miZ 71814 petridish AellA &A1}, 334
¥ fibrin plate Aol 217 1 mme] 7S o] 2&E4AY 5

1 & AAsled 37°CoA 8217 E1F HheAIZl F S3=l=
o] 271 FAs

AN pHet HY 2=

TAAZAE YAkl Gao] 46l nA: pHe| dEE
248171 9l8ted 50 mM 2AF 954 (pH 4.0~6.0), Tris-
HCl $--8Y (pH 7.0~9.0), carbonate-bicarbonate $+3~8-2)
(pH 10.0~11.0)3 AH&-3l9em, 71" = 0.5 mM succinyl-
Ala-Ala-Pro-Phe-pNAS AME-3det. 28490 100 plell 7]
A 500 plE 71 F 422 pHE 95880 FHF F9
1 mZ 2HF F 405 nmol|M 3% B9 FHE HIE S5
Aatolet. ﬂ*—ﬂ—"—i ZAF3}7] $18}ed fibrin plate Aol Al
ZEALN] ¥R 2T E 20°CAlM 70°C7HA] 10°C THAL R
M7 PHES S,

L8N DX Kol

28] $4o] digt HajAle] 3k B Slejd =
T2} Z21e] RS Hold 37CelA 1213 B4t
A% F 7)dah 94 405 el 33 Bt FPE W
%8 2435

a3 ¥ %

HiX|Q| A&t

F. fraxinea 5 RAENEAT PAaralr] $13 24 w)
7] 273& F3E) sl S8 wAE AMsle] Wikt
AFZ Fig. 19 vepligdet vix] & CVME A&k )
°¥8l5d& o fibrin plate AllA S8 =E 8] =7]7} 11
mmZ T2 iR Sl Blsle] FHgal] Aol YAabsH ol
TrEE ¢ T UK

Etaglo) A&

BAao A H3 sl B9E 2AR] $3he
CVMell 2%9] 7+ 78 &S 3Hrisled wiekst 24,
galactoseﬂ gpdo g ArHAS o LQ] Aol 7H

6]—?&‘4(Table 2). =3} starch, cellulose ) glycerobs<]
Alo] A7IEUE o CVM/] 718eb4%12] glucosedl] B]

6]—04 49 Ao 9 ]—93,__1«]- cellob1ose xylose, %
maltose 5~ HA] AYabsHe] ARAH =R 7HAslgir}. o]
A= o] F{13, 1519] vlelglol #5258 LB
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Lysis diameter (mm)

WM CDM LEM MCM MYGM PDOM
Media

Yig. 1. Fibrinolytic activity of F fraxinea cultivated by the var-
nus media. Cultivation was carried out at 25°C for 10 days.
‘he fibrinolytic activity was assayed with culture extract.

rable 2. Effect of carbon sources on the fibrinolytic enzyme pro-
tuction of F. fraxinea.

Table 3. Effect of nitrogen sources on the fibrinolytic enzyme
production of E fraxinea.

Nitrogen source (0.1%) Lysis diameter (mm)

CVM? 11.0
Control® 0.0
NaNO; 12.0
Ammonium tartrate 6.0
(NH4),SO4 6.0
(NH4),HPO, 0.0
NH4NO; 5.0
NH4Cl 0.0
Peptone 0.0
Malt extract 0.0
Tryptone 0.0
Yeast extract 7.0

Lysis diameter was measured after 10 days of incubation at 25°C.
2Coriolus versicolor medium.
"The CVM without nitrogen source.

Table 4. Effect of yeast extract and sodium nitrate as nitrogen
sources on the fibrinolytic enzyme production of F. fraxinea.

Carbon source (2%) Lysis diameter (mm)

CVM? 11.0
Control® 7.2
Cellobiose 9.2
Sucrose 11.0
Starch 12.8
Mannose 11.0
Galactose 15.0
Cellulose 11.8
Xylose 9.2
Maltose 9.2
Fructose 11.0
Lactose 11.0
Glycerol 11.8
Mannitol 0.0

_ysis diameter was measured after 10 days of incubation at 25°C.
‘Coriolus versicolor medium.
'The CVM without carbon source.

g Aarsl7] $dgt e F starch) 53 48R
& Yehi= Aals §A1518300) cellobiose?t EAe] At
THE AT Az Aeolsisi.

Ao AT

"0 AAkS A3 ALY 33 A S5k
CVMell 0.1%2] 4 74 S AHriste] wigst 22
= Table 3¢ Yepliglc). #7184 & yeast extract’} $-
T BT S el e, A "4 F NaNO;
7t 7V & A4S YEdEl 53] 0.1% NaNO,¢}
yeast extractZ FEHE E3 A7SINlE W EAo] FAo]

Component Lysis diameter (mm)
CcvVM? 11.0
Control® 0.0
NaNO; 0.1%+Yeast extract 0.1% 12.2
NaNOs 0.1%+Yeast extract 0.3% 12.6
NaNO; 0.1%+Yeast extract 0.6% 13.2

Lysis diameter was measured after 10 days of incubation at 25°C.
“Coriolus versicolor medium.
*The CVM without nitrogen source.

v Z713H8 o 4= 9JedvH(Table 4). 728}0)| malt extract =
= peptone 59 AA2DE F71HAE o B2 79
#l9lct. o] Kalebina 5[8]¢] Bacillus brevisZ2H-€ &A
S 84S A7) A A F yeast extrac’} 55}
o B gk Aahe} dxsigiont, B subris KCK-725-¢
B A7) peptonedt] &3le] A AFH T Lee 5[1514
Ao Aolslsid.

Qi gl RI|Ege| Agk

o] AARS 913 QAR F71AYe BEIE 2ALS)
7] $13te] CVMell 0.1%2] 7F S5 oAkl 3 7713
< A7 sto] wiekst Aab= Table 59 Yehigleh. QAR
Z KoHPO S A7bb E49) BAMS 24 S7A 310,
T8 A9 CvMe] ARl MgS0, - TH,O7F &
40 yALS 7H 7MY 22}, CaCly, CuSOy4-5H,0,
KCE- 540] 3X-E vehliz] ket ole} 2 Axe= B,
subtilis 2H-E] AL EAZ YAksh7] $isled K,HPO,H
Na,HPO, 7} §-<8F b CuSO, + SH,O 52 &4 34
< =) JAGT B8 Lee S[1512) Aoke} AH)zlelct
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o]} AFAHAZHRE F fraxinea TAH| F2] 41-43)
H2AF A7) iste] 43 wiA], 2% galactose, 0.6%
yeast extract, 0.1% NaNOs, 0.1% K;HPO4 0.05% MgSO; -
TH,0F5 X33 wiAE o83l F fraxinea TAHRE Al
Zrd s wiokeh A= Fig. 294 20k 109 51 wiksiiE
o Aol Aol 71 Eekom, 1 o) Folle A} 3HAst

Table 5. Effect of phosphorus sources and inorganic salts on the
fibrinelytic enzyme production of E fraxinea.

Phosphorus source (0.1%) Lysis diameter (mm)

CVM? 11.0
Control® 8.8
NaH,PO; - H,0 8.8
Na;HPO4 - 7H,0 10.5
KH>PO, 8.4
K>HPO, 11.0
(NH.);HPO,4 10.0
Inorganic salts (0.05%)

CVMm? 11.0
Control® 0.0
NaCl 6.6
MgSO, - TH,O 11.0
CaCl, 0.0
CuSQ, * 5H,0 0.0
KCl - 0.0

Lysis diameter was measured after 10 days of incubation at 25°C.
Coriolus versicolor medium.

®The CVM without phosphorus source.

“The CVM without inorganic salts.
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Fig. 2. Time course of the fibrinolytic enzyme production from

E fraxinea. Cultivation was carried out at 25°C for 20 days in

the CVM. The fibrinolytic activity was assayed with the cul-
ture extract.

Aok, AF7HA] WAy viel] wh2, wfeFA|zke] -2 n]A
=9 B. subtilis2HE2] HALNEA[15]= 484]7F vk
F 540 gAo) HAE YepNY2 Pseudomonas sp.
[27] Zo] Eax 96217 i} ¥ Hole] HaYL Bl
AL FE Mo} FFol| &31= F fraxinea WA ZHE A
LT A Slah WPk Wl A 28]
A FAR R SRR GRS B 7] Hg whek
717k a2 79 WAl 149 AEQ Al7le] £8F:
AOZ Hol37], ¥ 4] kS 3 wioF)2E A o]
W7o Sole Ao2 Alad,

Hiek2E W pHel &

A wiek7Izkel 104 Fab wioFst o) 4o HAkS ¢
3} wjok= o} wix]e] %7] pHY] %3S Fig. 3 % 4o 1}
e}, F fraxinea FAMA1E 25°C, 7] pH 9.000A1 10

o Bt wiokalelS of 40 o) Fpg RS o &
Asdet.

E4 #yel X pHet -"-‘-I&i 25

iﬂ}iﬂ ool o] FAHAL 905t X Y pHE °J%)

< Fig. 5 % 6% o} 49 %} 32 pH 6.0%E] 3743
—6—7}6}47} pH 10.0011A #32¢] E43& vfepliglen, 40°C
AA ztzt #are] FAAEE veplidde. of A= Yoo F
[31]°] B8t B. subtilis K-5425€] 223 3L F
o] A pH 10 A3l Kim F[9]e] Eazgt Bt
T wAlez He Rl Aag F49] 4 pH 7.0 ¥ Choi
T[31e] ¥t =ele|HAl Fo] 8| ¥ pH 759 A

olghg o 4 U T, B WAl EejRAsE &
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Fig. 3. Effect of temperature on the fibrinolytic enzyme pro-
duction from FE fraxinea. Cultivation was carried out for 10
days in the CVM. The fibrinolytic activity was assayed with
the culture extract.
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A0 FA 2% 4508 FABIAY, Bacillus subtilis K-
54[311 2 Bacillus sp. T3 CK11-4[11] F<} &4 735
65°C 3 70°CHA Az H3ol BAS BYos B a4
S} 5433} Aol gE eI

XMatiMiel gk
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Fig. 4. Effect on initial pH on the fibrinolytic enzyme produc-
tion from F. fraxinea. Cultivation was carried out at 25°C for
10 days in the CVM. The fibrinolytic activity was assayed with
the culture extract.
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Fig. 5. Effect of temperature on the activity of the fibrinolytic
enzyme from E fraxinea.

3p8pE A&7t E4e] gl WA g3ks FAkE A
= Table 63 2o}t §4-0] A2 cyctene protease®] #
sj4ql TLCK 9 aspartic protease A3 #]Q] pepstatin Acll
28ty A A=) bk}, serine protease®. )
2l PMSF ¥ aprotinirel] £]8led #H2] 2k213] QA== 7
o2 Mo}l o] AT} serine protease AGY FLYE A
et gk, o] Fae] o] EDTA 1} EGTA Sl 23}

100 -/-
90-_ '/ \
85 | [

—

Relative activity (%)
8

70+
65 o
60 ). 1 L 1 i 1
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Fig. 6. Effect of pH on teh activity of the fibrinolytic enzyme
from F, fraxinea.

Table 6. Effect of some inhibitors on the proteolytic activity of
Sfraxinea.

Inhibitor Concentration (mM) Relative activity (%)

None - 100
EDTA? 5 97

10 97
EGTA® 5 105

10 111
PMSF° 1 0
TLCKY 1 104
E-64° 1 70
Aprotinin 0.05 0
Pepstatin A 0.2 78

The results were expressed as percent (%) relative activity to that of
none.

2ethylenediamine tetraacetic acid.

bethyleneglycol tetraacetic acid.

°phenylmethylsulfonylfluoride.

dN@-p-tosyl-L-lysine chloromethyl ketone.
°N-(trans-epoxysuccinyl)-L-leucine-4-guanidinbutylamide.
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o] A g WA o= HLE Hol FERAT} opdS
ol = ololc}. A7k B3igl vle]l w2, nattokinase Y
Aaro 2 0] Belg} Bacillus sp. &5 CKl1-4 F9] &
AL EA4 52 serine proteaseo| ™ oF-He] FAv} ofd
S Fehe FEEA ) A qls g, B
A Fo] AL TN 2 el Fo Al
serine protease Al Go] ofH, o}d-& F3sh= F4 B
Froll &3he Ao Harsle] glojM E & EAJo] o
2 Rt AL mas) Aoldlvie S AT 5
st

[=] =13
pes h |

AT WAl FAAZHE PRGN EAT A
Slgk 24 weked e zajslelst, ¥3hx) F CvMmel 7b
A Soalelon], ghadl, Ao, QAR 9 FolAeR
27y 2% galactose, 0.6% yeast extract$} 0.1% NaNOs;,
0.1% K,HPO,, ¥ 0.05% MgSO, - 7TH,08] #H7le| 2]s}eq
"4o #Ao] 71 Fvlstadct webM E fraxinea 2-E]
FAgH BT AYAakshr] #13F A wixERZ1L 2% galactose,
0.6% yeast extract, 0.1% NaNO;, 0.1% K,HPO; & 0.05%
MgS0,-TH0015}. o] /3e] wiA & ARgste] wi k&% 25°C
Z7) pH %A 108 Tt wiFslis o B9 Aate] 7}
A w2 AAE ehligde sl B 240 2 2%
9l pHE 40°C ¥ pH 100|¢H}. & E40] #4]o] PMSF}
aprotininol] &J3}ed 3] AAHE A2 Mol B w47}
serine protease Al G EAUE FH 4 g+

2ol 2

B dF= 20024 % FFA st =EA A ATH) 2o
2jsle] gl on] ol ZHALER T
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