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Abstract

This study was investigated to find out optimal medium maximizing the production of fibrinolytic enzyme by Bacillus
sp. isolated from Korean fermented soybean paste, which could hydmlyze the fibrin produced through the blood
coagulation mechanism in human body. Among carbon sources tested, galactose was most effective for the enzyme
production, and the level of the concentration for the optimal enzyme production was 4%{w/v). For nitrogen sources
tested, malt extract was most effective for the enzyme production, and level of the concentration for optimal enzyme
production was 4%(w/v). For mineral sources tested, KtHPO, was most effective for enzyme production. The enzyme
was maximally produced by cultivating the organism at the liquid medium of the initial pH 6 and temperature
of 40TC.
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(pancreatic digest of casein 17.0 g, enzymatic digest of
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vjok 3 & T Atk EElE PRAES FeE,
A sled EAL 213 F, API 50 CHB kit(BioMerieux
Co, France)& o] 83t 54 & A8 ch

83 o] FFE 2% glutaraldehyde (0.1% MgSO, &8
0.1 M cacodylate buffer, pH 7.2) 2 2413} F<F 41 L-0f A
A 133 T2 0.1 M cacodylate buffer(pH 7.2)2 243+
A3, 0.2M cacodylate buffer (pH 7.4)°) 1% F%7}
7] =91 osmic acid(OsOs) £M 0 2 47T A 2447k EF
A2lete] nFA AT 1A sampleol| A &5 A A g
=loll 50, 70, 80, 90 Z 95% ollgr-golA Z+zt 1083t 23]
gEA AT B48 FHoll sampled YAH AZ7]A
71 %3} 3 platinum coatingd ThS FAF Az oA
(SEM, JSM-6700F, JEOL, Tokyo, JAPAN) © & el &
BA3IAT

A FH wjA]o] B 78 gl 2 300 mL AAE

22 100 mLe) LBHJA] (Bacto tryptone 10 g/L, yeast
extract 5 g/L, NaCl 5 g/L, pH 6.8)0l] AZatAt} o] Abzhs
A3 E 37T, 180 rpmeol|A] 8A17F F<t okttt 29
e vl FH-S ThA] 500 mL 4H2t Zek2~=e] 100 mL LB
A iR o] HFsle] FAF 270A 12A]7F v sl o)
AFAAA7] D7) B33 A (Spectrophotometer, HP
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(660 nm)7} 1.8 o| 2] E uf o] T HAHE AT Huf gy
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HEE A E8ka3e 37T, 180 rpm2 2 shaking
incubatorol 4] 18A]7F vl %3} fibrinolytic enzyme&/] 2
7o AFH=E A1t

Fibrinolytic enzyme&4] 2 39| AJ7o] 543t TSBH)A|
£ 500 mLe] A7} EgkAA0]| 100 mLo] H =& 243
=93l 274 1847k vk & 10,000 x g2 208 F<t
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sto] Lowryd2Dell utel S etin, £ve ZEAY
20TolA WEBRBPEA ALg3I T

= Z2HEM

o8] SHE Hste] wdAS AN Eelste] Tris
buffer(pH7.2, 20 mM)Z 7:39] ¥]2 8 Aa}ich o] T
g|M el 50 uLE m)e) FH] g fibrin plated] "oy &
37C 2710l EAAIRE vhg A7) 3, Ball 8ol A §o
ZEE BaA4d-g 7319tk Fibrn plae$] o] 40 =
o ] A|F 8 mmo| paper diskE o]&3td 1 9]
FANZ Hojrmgth

Fibrin plate= fibrinogen®]] thrombing Fof 3l &
t}. &, Fibrinogen 0.06 g= 0.1 M borate buffer(pH7.5) 10
mLol| Yo} 37CRE k& g27]oX 2417 Bt o ¢
3] ZH ot H& fibrinogenS petri dishol] 10 mL2 EF3&}
3. fibrinogen 10mL % thrombin (5,000 unit, Sigma Co.
St. Louis, USA) 40 unitZ petri dish Ao} Fng 2+ 4
JEE folaina ¥a Aoz AT EEe

®A Felsgr.

Aol ZF U Sol M2 FAMS Y rBY Y
gl SRl W FAY A5 % a8 E 54

8l7] I8ted 7] 882 Q) LBE|A] ]| glucose, maltose, sucrose,
lactose, galactosed ZtZ} 2% =2 A 715t vl ok o
pHE 682 2435tk 2o, 4 WoFe 2ol mge
Bacillus sp. Wl FHS 247 3% S == 3 F5t 30T
A 18N M F @A BRI BARHES 24
stk

gl 2a] Bacillus sp. vSF Al 7} $-4=3} fibrinolytic
enzymeZ/d S VEMH galactoseE 2tz LBHjR| o] F3- 7,
1%, 2%, 3%, 4% 57} FHH TS ld 30TAA] 18X17F
vkt T Ao AT EAGHEE SA AT

agle| ERol M2 FH 4K Y TAEY 2

=
317] 918 LBulA] o] gHElol=l= 1%2] tryptones U5
9] peptone, yeast extract, malt extract, NaNOs, (NHz):SOs,
NH,Cl, casein, soybean© 2 thA|5}3L Wk %x7] pHE 5Y
SHA] 6.82 2 & - 30Tol|lA 18413} ulj et & T4
A& B8 E S

23 E AaxY FoA 7P} $-3F fibrinolytic enzymeZ
S A BAYE o83t AT, 2%, 4%, 6%, 8%
TEHEE 3l daY Txo) 3 A9 A5 248
TE 439

A3 B2y 27 94 645

A2

F7148 EF0l o2 FAo Mg ¥ 548 £H
71499 TR wWE TAY As H ALEYe &

3] el olv] FH BrU AArYE o) 83 LB
X2l NaCl& EYF5XE 9] yeast extract, K;HPO,, KH,POs,
MIISO4, MgSO4, ZI’ISO4, CaClz, FeSO4 = EH;_('“ 6]'.31 HH OJ:Z:
7] pHE Y3 682 33 3 30TolA] 1847t vl oksh
F TA2 453 BAPHEE ZHAAT

249 fibrin sl =2 27

Fibrin plateZ 80Col|A] 3057t &) 2]3te] plasminogen
S A A g plate(plasminogen-free fibrin plate)} &> 2] 514
F-2. fibrin plate(plasminogen-rich fibrin plate)ol] =& 4ol
g2 H W3 T

O

Lo &

1

o YPE #FE T AUAHLE FYo] PG 2 #FE
A3k

E-2ld = Gram staining 23 S YeEGlon,
spore staining} A & spore7} ZA13}5 3L HAAAR| A o2
g1zt Az o] FeE 7R o AT (Fig. 1). API
50CHB kitE ©]-8-3+ 5% A} Bacillus sp. 92 gelatith
(Table 1).
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Fig. 1. Scanning electron micrograph of the isolated Bacillus sp.
(x15,000).
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Table 1. Physiological characteristics of isolated microorganisms
Bacillus sp

Gly + Cel +
Ery - Mal ¥
Dara - Lac +
Lara + Mel +
Rib + Sac +
Dxyl + Tre

Lxyl - Inu

Ado - Mlz -
Mdx - Raf +
Gal - Amd +
Glu + Glyg +
Fru + Xt

Mne + Gen +
" Sbe - Tur

Rha - Lyx

Dul - Tag

Ino + Dfuc

Man + Lfuc

Sor + Darl

Mdm - Larl

Mdg + Gnt

Nag - 2KG

Amy + 5KG

Arb +

Esc +

Sal +

"nsed with API SOCHB kit.
Da s pesiiive, - negative.

WAl wlg Ao r F7tehe 4%e YRl ol
Lee Q2% Kil S(17)°] X138 A7e A sjsich

E4, o7] 23 Holdl 84 B Aoy Fejd
Bacillus sp. HrH17,1820) 453} 9 8ah 5] 953 2
o= ApzHoit,

HEAIZIO] M2 o] M7 U FLEM WS

e F39] v Al A S EA8HE AR
A= Fg 29 2k #Ae] S-S u g 6A]HEEH
8] F7Vst7] Alztsled ek 154121 o] ol HujAd At
B a1 o] 32 ZHAsts AES VeI g
FEae] 4L A AT BU3 el 2 242 vehy
7] A& 3 o, o]+ Ok 5(23)0] E.1.38} Bacillus sp.2
A ¢} protease®] A7} FL3 A2E YR g
1, KimQ7)e] FF3o)|x dH & &L T2 7
g+ Bacillus sp.2] 735~ v FA|Zto] F7135te] whel g4
o] F7lete] wijeF 847kl Hul E484S YeRidtin
3 Azlel fAletg e, Kembhavi 5(32)o] a3k
Bacillus NCM No. 64777} vl 9F 3847 )] protease | T
Z/do] UAth= Hauoes Aol A3E Jehith
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Absortance 660nm
Relative activity(h)
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Fig. 2. Time course of fibrinolytic enzyme activity in Bacillus sp.

(—I—B— Relative activity , —@p—@p—: Cell growth).

Z7| pH gisloll o5t FH Mg U 52 M| vis}
] #5e] 27] pHAge| 2 7o AsT g4 84
o] ¥iglE dolrr| sl wikuxe] 27] pHE 4~1022
2HT T A FA S 3%8 HEF81 30T 2447
3 T AN ST EASYEE o2 2ok(Fig. 3).
ol z]e] 7] pH 5~971A] A S AAH oz ¢
3egA T, AT EE pH 45E ZU18b7] A sk
pH 6914 718 ¥4 Jebga 27] pH7F 6~82 24 &
vkt A7 Fd g gdo] +43dth a3, vl
o] vjFd o] pHe AAH SR 86~882 FASIATH

100 |
8o |

60 |

Relative activity:
1
w
Absorbance 66Q

40

20

Initial pH

Fig. 3. Effect of initial pH on cell growth and fibrinolytic enzyme
activity of Bacillus sp.

(—H—M— Relative activity , —@p—€@—: Cell growth).

Elxfol Ef Y sl o|x= gdBslsel diuw
T o S7d e AL R 84S
vl w3t7] Y&l LBuA| 9l glucose, starch, sucrose, lactose,
galactose S 242} 2% =2 A7)ske] 307 Col| A 18117t vl ok
g 8,000xgellA] 2097 A4 EeEat] AN 28
295 fibrin plateo] 30 ULE paper diskol] 7}5tad 37T A
4X17t 3 FAE R Bellghe] A7) o] &3 AL
32 the3 ZrhFig. 4). AHEE 01X 'hAglo) gk g3
SN B 2 galactoseE AHE3IRAS W 7 =%oH,
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Re lative act ivity®)

SC ST GL LA GA
Carbon source
Fig. 4. Effect of carbon source on activity of fibrinolytic enzyme.
(SC: Sucrose, ST: Starch, GL: Glucose, LA: Lactose, GA: Galactose).

=Y Y A =

galactose s o] WHE A G EE L w200 HHS F
7¥ehe 23S e oH 4%oM 71 53t Fg.
5). o]’e] A3 Koo 5(24)2] B. licheniformisE )43
protease AJ/goll #3F APA TP O 2 lactose7t F3k
o} sty B F59 galactose®} lactoseo] A#}7} 3
R fAFEF 21, Choi 5(25) 2 Lee F(26)°] A4
VAl A 823V Bacillus subtilis globigiic B4 o2
soluble starch 2% 7} Z4EA0] A713F thE @490
vla] ZAgge] A F7He Bad AT Kim(27)0]
A g as Y2 Feld Bacillus sp.= glucose,
fructose, lactose, sucrose 5 %9 dFF} o|FHFE
7P Eadol AA T A st 2 Aol el
Tt B2 2ol E Bt

105
100 |
95 |
0
85 |
80
75 F
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Relative activity(%)

0 1 2 3 4 5
Concentrate of galactose(%)

Fig. 5. Effect of galactose concentration on activity of fibrinolytic
enzyme.

Aago E7 ¥ 550 o[x&= SMESHSY vl
Arde] F7o 2 P AR G4 2 B
9ste] LBHjA] oA A A9]] 1% tryptone 41l soybean,
yeast extract, malt extract, (NH4)SOs, NH/Cl2 BL3 5
2 AIskd 30TolA 18A12E uljeket & A4l Eeet 45
< o] &3l AL ar AL v wSRATHEE. 6). 3
S B milt extact® AHESAE W A1 Bk

lo ™ 1

Re lative activity(s)

sB SM YE ME NC NS
N itrogen source

Fig. 6. Effect of nitrogen source on activity of fibrinolytic
enzyme.

(SB: Soybean powder, SM: Skim milk, YE: Yeast extract, ME Malt extract, NC:
NH,Cl, NS: (NH,),50,).

o, @A) Aol A9 o] FRoAME HHFH R &
7¥ele AgE YepI e 4%2] oA 7 73t
S tHFig. 7). o]9} 22 AF}= Kakebina 5(28)°] Bacillus
brevisE o] & Al AAYO =2 yeast extract7} -+ Tl
Hudtgl on, Lee S(26)% Eoko 2 HE] Ea]3t alkaline
protease A AL 2 casein o84 7V &
54 44 B2} otk wud 2alsh fARIRIT, 1
2, Kim $(29)2 Bacillus amyloliquefaciens NS 15-4%
o] &3} proteaseS AJAHA] soybean mealo] A A4 o]
S 2o Bk & Aakels AdelakA] & A3l
& soybean powderE ©]-8 3AS Al 38| A LA AL
7o) @A vestTh

106
10 |
&£ )
2o
S o
2 ®
& By
¢ nf
%.
&
0 1 2 3 4 5
Concentrate of rraltextract(%)

Fig. 7. Effect of malt extract concentration on activity of fibrinolytic
enzyme.
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thFig. 8) o]+ tH-5-9] Bacillus spp.ol| A& MgSO, - TH,0
7} RN A S 92 Fhs Horikoshi(30)9)
Bask M, Qg A7 maAAe]l FrMIThe
Ziomik FE)S] Bashe Folstgith

N
t
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\
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Fibrino lysis activity(cm)

NC YE K2H Mn Mg Zn KH2 GCa Fe
Minera | source

Fig. 8. Effect of mineral source on activity of fibrinolytic enzyme.

(NC: NaCl, YE: Yeast extract, KoH: KoHPO,, Mn: MnSO,, Mg: MgSOs, Zn: ZnSQ,,
KHy: KHyPOy, Ca: CaCly, Fe: FeSOy).

®49 Fibrin Esitatol o2 27

PAL A AL fibing Easts ol wtet 7R
P2 UE ¢ ok 2 shtbes 9 3 plasminogeng
active type?l plasmin© 2 ¥ 3}A| A plasmin .5 ko] F
fibring #3831 =2 &} plasminogen activator type®} o] &}
T35l EAA7E DA EA-g 25l direct active
typee] Stk old & FAio a7 Flsl] H3)
plasminogen-rich fibrin plate®} plasminogen-free plate S A}
|39ttt ¥ dALs|ahE plasminogens A A g
plasminogen-free plateof| 4] = plasminogen-rich fibrin plate
S} IR 2 A& Tdste 298 BT e
2 BAE fibring 27 B35l direct active type o 2

Hets 9 th(Fig. 9).

Tlasminogen- rich plate

Fig. 9. Fibrinolytic activity of Bacillus sp. in plasminogen-free and
plasminoen-rich fibrin plates.

Plasminogen-rich fibrin plate contained 5 U(0.5 UfmL) of plasminogen per plate.
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AELEAFEQ @F 2 RE w2 &9 fibrinolytic
enzymeE Yrrole vAES T4 F FEAch 29
o8 $Y 752 AEs] dstd FEE vAES
fibrinolytic enzyme&/d 3} A7 SEHAM 71 8 &
FE ABste] stglen, A, AsstA 2 At
4= A Bacillus sp.2 57 = At

Fibrinolytic enzymeAJ42FS 913 A wlgZzAL 27|
pH 6~8% o Aol =7} 80%01/3S el a, vl <t
2217 ol 714 52 &4 =F JeRHRAT). Fibrin plate s
o] &3 dH BT E AT AT e H LTS /A
U G20 F galactoseE: 4% 7L stEE o 7
Sl o, AAYL malt extractS 4% A7t 3HE-S
7V sttty 77192 KHPOS A7HstiS o) 71

958 B4 Yehpgio.
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