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ZIXo 2 BE fibrin2s5)| A|l=e|

OIAZ* -5 Af-
AR S4B, NG AL

ZE :fibrin g2 & —ﬂﬂ%} Y9 =

protein 35 °] A= FFE EY3tn £33 #FE

3ot o] #F

2F Bl 78 g4 2RY
FoA AL ol /M ¢
= 371402 ¥E HA S Gram(+)Td o] en] gas chromatographyol 23+ Al X9 %4k

=a2[of 25t 37

FE7 - ST

AR ATL

T3l TS dFo2RE
5% #521 KDO-13& A9

B2 C,, anteiso fatty acid7} 47.7%, C.s, iso fatty acid7} 13.5%, C.,, anteiso fatty acid7} 13.6% ©|1t}. ©] ¥
= Ag, Asleta EA L A xA AL B48 B3 57.7%2] similarityE ZY= Bacillus atrophaeus2 374 7
H ST}, Bacillus atrophaeus KDO-132) fibrinolytic enzyme A4S 913+ A2 v 2%9} pH= Z42) 37°C9} 6.0

o]} (1998W 119 26Y FH<=, 19993 19 209 =)

M B

*"‘E%—J ATEtet 2EHAE et FHASE, A2

BA, HEF, BAFT 2 AW BAo] 3E F/EHT
Aot 2% HEH I AR LA A7 fibrino] HE
# T BHA ¥ A= AeEE DTN
DA weba olE &) o & X5 dig A7t
s AP glom 19 dEoF PHe] AAE 9
Aste FEAA L Nz A4 A& {7 84
LAY AL 2FE F3 Jo I GAAZME f7)
FAAAIQ coumarin®} warfarinA| A7} Ql3L, AmE] oA
3= & hiredinA A7} Y}

EA(fibrin)o] -§-34%= A& fibrinolysisg}1 3} §-1 F
ool plasmine] 2J3j4] &3}7} o]Fo] Xt plasmin
< plasminogen activator$] urokinase, streptokinase, tissue-
type plasminogen activator(tPA) 5ol 2]3] plasminogen ¢ &
5E Hgkdd’

A A27HA BHENAE ATFH L Qe olEL F
Z plasminogeng- plasmin® & H3A|7]= tPAo|L}.” ot
FALE = Aol Wiy oR ARREly] 93t AH A
T FAgte 2 e A &35S FHIIE AA
o #4E 27) AlFeta glovt obF o e me|g A
Aoltt. A A7F& AAZE 71X A &3] 54
£ d43la Qe Aew A Z Lumbricus lubelluse] A%
o] Aestso] 537 EANA AlgsE gk £5
YE o AELE AE natoZ HHE o YA A
L3)50] F7HES A% D, o] natto2HE dA LsjE
A5 Eedl 8Y7t A FoAE Ax FAd g5l AA
3713t 497 M B2 A& JeERtt T st
AEE AAToEN o7 AFEE X5 ¢ AU F
SIThe AolA B B o

22 AT, AL B
Ao}

SPYUTE AR natod} vk A% 89, 1
3, 2+, A2 59 AFE AxsEL, AR 18
e FauA e sERHEY o xAtiA] 2= P4
StEe] ZstA o]FoZitt AHe Tt} ol oA
F 83 2912 protease &}t amylase%;‘_— 783 A= T A
Eoln E3], 94 F& FYE2% 8 1fe] Ha
Folt}. g3 FHL Pl danHZFe 35, A
B354 wsle] o3 AR nAEY AEo] FoF T
e = Aoz 4R Joh”

8 A 503 Al 50 AZF gRAd FoAs=
Angiotensin converting enzyme(ACE) A 3]E 2ol dis] 4
Fargen w2 aflatoxindl] 93 LY A7t A
2 Aol Atk Buste] AFo2A B39 7533l
EH4E A 4 Ao

LAARY Suete] HFAERL AT L FFelA
T o ol B 548 %}Hls}% o] EAEE AL
2 RaFe] u™? AL o] de BLHE E0lste
o] EA) 7FsAe) Eol AFFor RE B A&

TFE B2 g vt ok, fgE FHZ dAok &
Agsgae] EA7F BauEa Joh” meba] B dTolA
= fA o 2HE caseing FH 7} nutrient agaridol| A
Balso] Qv TFE 13} screeningsle] EF3}aL, o5 o
F% caseingN 7} fibrin-§ A& 247} 0|85 E W casein
a8 Btk 84 g5 % #& 28T F OgUd

Ase B4 2 on FAY AP EHS T3
of STt |
ME ok
g

AFe] B o FLARNA F38ka, de A4
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Az 10717l A A2 o2 FPgoA Azd B8-S 3
ste] AHE-St T

Ng 25
AFAA FeF B Balso] Y 157) FFE 4

ko] AR-akT

Hij X|

T 224 9 A& nutrient agar(skim milk 2%)S A-4-5}4)
on 7 FAL 93 Voges Proskauerr] 82 MR-VPH]],
casein hydrolysisol] = skim milk(pH 7.0), gelatin hydrolysis®]]
£ 0.4% nutrient gelatin®} =] (pH 7.0), starch hydrolysis]) &
0.2% nutrient starch¥j <], tryptophane hydrolysis(indole test)
of & tryptone broth(1%), urea hydrolysiso| &= Stuart's urea
brothE A3} TH™ Carbohydrate fermentation testo] =
phenol red 7|2 ®iA|d] F& 1%H7tste] Algslgon,
citrate testoll= Simmons citrate agartl<|, nitrate reduction
testol] & nitrate broth#}X], oxidase testo]]:= TSA(trypticase

soy aganil <] & AH&-3tAt.”

e

BYolA ed Balsol g 7L Belatr] SsiA
Z4zte] A8 10 gof] AE] BEs 90 miE HIA Agsln
107~10722 523 ¥ njg) ZH|g nutrient agar skim
milk(2%) Wi =23 F 37°CoAlA] 48A|17t wlj k3t & o)
Aol vERd colonye} 7)sh 2 & Fhe] A7] wha}
1575(KDO-1~KDO-15)2 23} t}.

H{X| &to| &to| 37| &3

T8¢ 47t #5E skim milk(2%) nutrient agars}
casein(2%) nutrient agarvfx|o] HEstod 37°CollA] 48X)7
et 3 E=ge 3718 23890

Fibrinolytic activity assay

Fayek 579 W& W¥ste] AM8-st9ir). fibring 0.1
M Mcllvain buffer(pH 7.0)] 0.6%% %7} H =2 £330,
714 &4 3 mlo] ZEAN 05 miE 718EE 40°Co A
1027 &A1 1% 04 M TCAL S 3 miE H7}3y
W& FEAI71AL 3087 A% F Whatman filter paper
No. 22 o338}9it}. o] ool 1 miZ 2 35le] 0.4M Na,CO,
5 mlE #7}8 3 1 N-Folin reagent 1 miE 7}3}e] A0
A 3027 WX F 660 nmoll A FFEE ZAs}e] tyrosine
FEFA o5t £3) €59 tyrosineFS Faigich. &
A9 2829 1 mi7} 1859 tyrosine 1 pge A5}
58S 1 mitz 90

e MY

Nutrient agar skim milk(2%)$} casein(2%)] <] 2 3 )
Fste] o] 2718 vt 943 #52 B8 KDO-
1~KDO-15Z Horikoshi™®2] protease AJAHHA] S HEA|A

(glucose 1%, polypeptone 0.5%, yeast extract 0.5%, soybean
meal 1.0%, MgSO,- 7TH,0 0.02%)A |43t 37°CollA] vl st
ek HgAs dAEEF A5AE 2L 3o 0.6%
fibrin -2} casein & 7k7t 7142 o} WAL 27
3 F fibrin 2350 7Pg B& #E At

Cellular fatty acid =M =X
T cellular fatty acid 2A4]-& &A3}7] $131 trypticase
soy broth agar(TSBA) v X](3.0% trypticase soy broth, 1.5%
agan)ol| A Wikt MEEE o sta, ol& Axe A=Y
E] fatty acidE F8|A17]7] 8] wldA] oF 50 mg(wet
weight)o] 50% methanol¥} 15% NaOHE #7}8ted 100°C
oA} 3087 71E3te] g-s|A)ZT). Fatty acidol] methyl ester
BAA7)aL FEANA 7GR fatty acidE FE3
, T1FEES T8 0F AHsIAT?
FZ2 A|59] fatty acid methyl esterst= gas chromato-
graphyol] 2|8 EAxglom, o] profile2 Microbial
Identification System Software(Microbial ID, Inc., Delaware,

USAYZ o] 431tk

vt

=2 &%

AEE KDO-13FFE 4847 B2t wiekete &3 2
2e B3 FeEd 54 2 AT, Ashetd Bz
on, KISTHAA 2340 B2l 600o] librarye] S
T3] At 24d3te] WlaleAl 502 Bergey's manual
of systematic bacteriology™%} MacFaddin®¢] Biochemical
tests for identification of medical bacteria®] Fd}ld =3}
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Ao FRAGNA 8t TS 7HgolA] Az o
kst ®1 o 2 HE] Nutrient Agardl) skim milk 2%Z 27}
g uiR ol H 3 widE e s E=dEtal 37°Co| A 484]
2+ vi%¥ste] Frgdg(halo zone)o] YEbY FFE sl
7094F9) FFE Bt WA el vEhd colony &
S Z|e) wEr 15502 oA £/t ©|F KDO 1~
KDO 152 "H3slgtt. o] thA] NAujx]9] skim milk
(2%)%} casein(2%) 242z} 713 iAo B tooth pick 2
HEst] Wi $ Jebd FHEe 2718 S-S 2
£ Table 13} 7). casein(2%) v R| Aol A o]&S w3t
Az giF-Ee) 757 £33 X E(mm)/colony 2] & (mm)<)
FX7} wiF 2423k =A YRt oH, KDO-13, 1, 8, 47
F £02 A Yehdor, olF 13y 81 #59] A=
HieF 1271740l 2o} X7} 73 2 A e o] 9 22
HiFAIZE] wE & A7|Y Aol #Y] Sl mE
protease - 7} L DA} Qe AR AZddn). 18
U skim milk#j A} s} A& KDO-5, 13, 1735 £02 =4 Y
el B2 Aol ma AR TS A7)0 tha Xpo)
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7} 2o} skim milk x| 4 BEU}= casein BjX|ofA] 3o
3717} 2A JErst o

T3 ol RETFF fibringl TS dolr7] st
Horikoshi™2] protease B4 v xS HEA|A(glucose 1%,
polypeptone 0.5%, yeast extract 0.5%, soybean meal 1.0%,
MgSO, TH,0 0.02%) AH&-3ted 37°Coll 4] |k & o]52] &
2844 0.6%9] fibringdS 7|AR o]&3td SAFY
t}. o)u caseinolytic activity= &7 ZALsIIt}. Table 2]
A B Hle} o] jgA|zte] 7 etel| we} fibringd) &
A9 &Aool FutEe] tiRite] #F7) vl 48X|7tel
o 2284e Jehldth 22y KDO-2dFE WY
24X 7kl H o) fibring3 §4A8HES UERRISY, O &
28448 njn) Tk E3 NN BeE ts 75
Sl A casein )R]l FEghe] 2717} v A ZA U
w1, 8,9, 11, 13757 A& Th &40 =9 1

Table 1. Ratio of holo zone diameter/colony diameter (mm)
showed by bacteria isolated from soybean paste

time Skim milk (2%) medium Casein (2%) medium
strains 12 hour 24 hour 36 hour 12 hour 24 hour 36 hour
KDO-1 2.17 2.53 2.36 3.88 3.58 35

KDO-2 25 1.85 1.82 28 28 244
KDO-3 213 2.43 25 23 275 2.37
KDO-4 2.0 13 1.62 3.25 33 3
KDO-5 1.6 2 3.25 2.9 31 28
KDO-6 1.6 1.7 1.8 2 2.64 228
KDO-7 1.6 1.3 2 21 2.8 2.7
KDO-8 2.33 1.58 2.07 3.44 2.63 2.45
KDO-9 233 21 1.93 223 2.9 2.9
KDO-10 233 1.9 2.08 3 3.08 3.13
KDO-11 2 25 22 211 3.2 3
KDO-12 1.7 1.7 1.9 21 2.7 2.8
KDO-13 2 2.6 2.57 2.42 3.65 4.08
KDO-14 1.7 1.8 1.9 2.5 29 2.8
KDO-15 1.5 2 22 2.33 24 29

Table 2. Fibrinolytic and caseinolytic activities of bacteria

isolated from soybean paste (unit/ml)
. 24 hr 48 hr
strains
fibrin casein frbrin casein

KDO-1 256 252 667 681
KDO-2 337 231 98 196
KDO-3 92 109 295 334
KDO-4 25 51 52 418
KDO-5 14 300 48 590
KDO-6 ND 347 90 609
KDO-7 ND 91 ND 157
KDO-8 264 312 657 765
KDO-9 259 246 662 617
KDO-10 124 277 607 709
KDO-11 84 183 233 658

- KDO-12 ND 21 ND 98
KDO-13 216 375 690 558
KDO-14 ND 42 ND 119
KDO-15 ND ND ND 339

ND: Not detected

2} 29 FFE caseindlA oM FEEe] FAPHIL
caseinolytic activity”7} &S o1} fibrinolytic activity=
Qe Aoz Jehgth o] g A casein 350 T2
protease &7} wkEo] fibring o] &3 + e Ao]
obde AAel S Ao, ol Zt wFUL AN sE A
o W& cascinF} fibrine} 7|12 Eold 3z AT} Je AL
2 AzZbgE). ol4be] A8 ZAIE caseinolytic activity 2T}
fibrinolytic activity7} 7} & KDO-13 #5& €34 o]
2 $Ason 2T 0 S4E ZASsT

3o 53

FA o7 BE skim milk Y caseintf x| Aol A Tl &
So] Q¥ 15F9) FFE screeningdte] o) & Fr e
7]$} fibrinolytic activityZ ZA}sle] Aol 74 =&
2 HA4€ KDO-13 52| Pehghs 54, M54 R
Zo] urg A, catalase, oxidase A AT FF9 FAH
OAE AAHE FEES AYstd At 548 A
& A1} Table 37 2t}

KDO-137 5+ £540] 3l Gram A9 7+ o = W
AEAZ AT 5% NaClo|x] BL7}15 3}l starch 7}
FEa%50] 9Jor caseind gelatin vf-¢- WA 7HrE
et 2 =g BFE o83l e AL,
rhamnose$} xylosex= ©]-&3kx] £ttt 3k catalase 9t

off lo i &

=

Table 3. Morphological, cultural characteristics, biochemical
characteristics and utilization of sugars of the strain, KDO-13

1. Morphological characteristics
- Form rods
- Motility +
- Gram's stain +
- Endospores +
2. Cultural characteristics
- growth in 2% NaCl
5% NaCl
7% NaCl
10% NaCl -
3. Biochemical characteristics
- catalase
- oxidase
- citrate
- nitrate reduction
- acetoin production
- casein hydrolysis
- starch hydrolysis
- gelatin hydrolysis
- urea hydrolysis
- indol production
4. Utilization of sugars
- glucose(acid/gas)
- cellobiose
- fructose
- mannitol
- thamnose
- arabinose
- xylose
- lactose

+ + +

+ 4+ + + + + +

T - '

I+




Fxpo g B fibrinds) AFe] Balo) ;g AT

oxidase testol] A= AL VeI O}, urea® B8)EHA]
23901, tryptophane ©]-8-3) indoleg A4 5HA] %3}
At ojtel Autz RE] B FF Bergey's manual’ido]
Bacillus sp.2] &A% dx)stgch?

3 MIS(microbial identification system)2- ©]-83F A5}
A B0 A= Fig. 13} 7+o] 2 iso-branched fatty acid}
anteiso-branched fatty acid2 A3 5 o] C., anteiso-fatty acid
7} 47.66%% 7} ko] =9k, Cpy anteiso-fatty acidv
13.61%, Ciswo iso-fatty acid7} 13.53%, Ciem fatty acid7} 11.9%
EgtE]o] Ao AL AR F2 ante iso fatty acido)
Act.

o)== KIST 412} 23§40 ¥ a5 6004 librarye] %
ST UWIHE W B F5E 57.7%2) similarity S
z¥51 9l Bacillus atrophaeus9t 71 FALSE 2102 43
A, B 732 Bacillus atrophaeus KDO-130.2 A A
=

ole] Ade 3 F) AHIFoeR RH 2Eg
fibrinolytic bacteria®] A XHaF 242 Ciu anteiso-fatty
acid”7} 40.85%, Cig iso-fatty acid7} 19.47%, Ci. anteiso-

&

a4

1,484
Z.761

9.799

5. 95458
3
Lo SA 11904

6.288
— 6.713

i

—

L

NIDI 008 SYSTEN

(L] L H] H0626 Date of run: 20-DEC-96 19:32:32

Bottia: 17 SANPLE TRERNRE)

&Y Ares  Ar/Wt Reapon
1,496 646307552 0,033 . . .
6,230 760 0,037 1.007
6.297 992 0.038 .., .
6.724 848 0.041 0.996
7.83¢ 8896 0,040 0.981
.m 31408 0.040 0.979
9.199 2144 0.045 0.981
9.409 1256 0.050 0.958
9.799 8048 0,043 0.954
10,858 3936 0.045 0.944

Commant 1 Comment 2

<wminre
ECL devistes -0.000  Rafersnce 0,006

ECL deviates -0.000 Reference 0.005
ECL devistes 0,000 Reference 0.006
ECL davistes 0.00%  Refarence 0.006
ECL deviates -0.001  Reference 0.008
£0L daviates -0.001

£CL deviates -0.001 Refersnce 0.004
ECL deviates 0.000 Reference 0.006

11044 9320 0.045 0.942 16,722 17:0 ANTEIS0 . . . . 13.61 ECt devietes 0.000 Reference 0.005
Solvent Ar Totel Acea Named Ares X Named Total Amnt Nbr Ref ECL Devistion Ref ECL Shift

646807352 67608 856616 ";;-;; wn ; 0.004 0.005

) TEOA [Rev 3.90) Bacillus o & v o b e b v v v v oo e 0.577 (was R. subtilis veriety niger)

B Strophaeus . . . . .. v v e s a e s e e 0,577 (was B. subtitis variety niger)

Fig. 1. Gas chromatogram of cellular fatty acids of Bacillus sp.
KDO-13.

o

fatty acid 14.1%w=0.2 =9t slo] 2 AgelA ALEg
FF9} A A 24300 Q0] Aol7h Yeh. A B
& Ao gFo 7 FE kg fibrin LTS EEst
3. ©|& B. licheniformis, B. subtilis, B. amyloliquefaciens,
B. atrophaeus 5 2.7 FA5}o] B. atrophaeus7} fibring &
AT & e o) B B 280 B9 A0
W, B. atrophaeus 75¢] 734 casein 8]#] Aol UERE £
W 3ol fibrin #i< Aol Liehd £ 8wt Ak sje] o
& Zol7t gt ol vAEe] #edE AR, WiAE
3 Fo) P2 Aolol A F1A5 = Aoz A2t

etz 7| pHE| HE

Protease 34l ] (glucose 1%, polypeptone 0.5%, yecast
extract (.5%, soybean meal 1.0%, MgSO.-7TH,0 0.02%)&
ol gstel el el WA B EA A PIE W
27) pHS| GFL ZASL) 98k W) pHE 747} 5~
9z 2se] TABAE 217t 2441285} 48AITH ST
ZA7H(Table 4) pH 694 717 =A YEbstil pH 9lM =
74 @A Uebgt). ol@1% A= Takami 370] Bad
Bacillus sp.©] protease dAHS 913 & pHE 9.50]02H,
A0 3] F70] A=A Eeld Bacillus sp.o] #7183l
a4 AL 93 wikA A pHYE 8otk &t} ARl A
25 B 75 zpolrt e} 28y B. licheniformis
PW-1099] protease JAHS €18 ujx]2] pH7T 6.50]9ch=
H 2o A9} 7o) ufoele] Z7| pHYL AdEGY W A
e 5aAAE JEIATT o] £ AWM AHgR
F3} fAbek 2R

20 us ¥E

"3}l A 823t Bacillus atropheaeus KDO-1375¢] &
A g Ea AR vAE v 2E A4S £AME 2
7} Table 5ol M} 7o) 37°Col A 71 =7 vehgten 25,

Talbe 4. Effect of pH on fibrinolytic enzyme production by

KDO-13 strain (unit/ml)

time fibrinolytic activity

pH 24 hr 48 hr
pH 5 176 412
pH 6 195 637
pH 7 139 320
pH 8 74 220
pH 9 43 157

Table 5. Effect of temperature on fibrinolytic activity by KDO-13

(unit/m/)
fibrinolytic activity
Temperature
24 hr 48 hr
25°C 75 403
30°C 136 475
37°C 165 642
45°C 76 82
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30°ColM = Hlad & 3A84S et 3 45°C
A wjFAelE 7ol HFL BEEHJ oY T2 o] o)
Wit ole & £xolA Y & A 3= A
oz A7Ar). o)) AFs £ Bacillus spAlT &
o] 30~37°CollA A HALEE zZhe AP I3
2937 3 T AL AL WAFFE YTHFo T HE
2% Bacillus sp.e] HFH 2EE B FFo|Mel o
37°CelaL sho] & Axdc}. 12y} Manachini 5] B
313t alkaline protease AN 913} Bacillus sp.2} A L%
7} 45°Col s Ba Roke wolt).

HAlel 2
B A7 19964 HYGF) &

485 a7de] A7H) A

Qo) 93} S A9 xolm, ATu] X Yol A=
At
S

1. Lee, S. K., Sohn, J. H,, Choi, E. S. and Rhee, S. K. (1993)
Screening and purification of - anticolagulant proteins from
Korean Leeches. Kor. J. Biochem. 26(3), 228-234.

2. Electricwala, A., Sawyer, R. T., Powell, J. C. and Atkinson,
T. (1991) Isolation of thrombin inhibitor from the leech
Hirudinaria manillensis. Blood Coagulation and Fibrinolysis
2, 83-91.

3. Steiner, V., Knecht, R. and Gruetter, M. (1990) Isolation and
purification of novel hirudins from the leech Hirudinara
manillensis by bhigh performance liquid chromatography. J.
Chromatography 530, 273-279.

4. Marks, D., Marks, A. and Smith, C. (1996) Basic Medical
Biochemistry, Williams & Wilkins, p.107.

5. Ehrlich, H. J., Bang, N. U, Little, S. P., Jaskunas, S. R.,
Weigel, B. J.,, Mattler, L. E. and Harms, C. S. (1987)
Biological Properties of a kringleless tissue-type
plasminogen activitor (tPA) mutant. Fibrinolysis 1, 75-81.

6. Nakajima, N., Mihara, H. and Sumi, H. (1993) Characterization
of potent fibrinolytic enzymes in earthworm, Lumbricus
rubellus. Biosci. Biotech. Biochem. 57(10), 1730-1737.

7. Mihara, H., Sumi, H., Yoneta, T., Mizumoto, H., Ikeda, R.,
Seiki, M. and Maruyama, M. (1991) A novel fibrinolytic
enzyme extracted from the earthworm, Lumbricus fubellus.
Japanese J. Physiol., 41, 461-468.

8. Sumi, H., Hamada, H., Tsushima, H., Mihara, H. and Muraki,
H. (1987) A novel fibrinolytic enzyme(nattokinase) in the
vegetable cheese Natto; a typical and popular soybean food
in the Japanese diet. Experimentia 43, 1110-1111.

9. Sumi, H. (1990) Nattokinase and health; development of
Natto. Bioindustry 7(11), 724-730.

10. Kim, G. E,, Kim, M. H,, Choi, B. D,, Kim, T. S. and Lee, J.
H. (1992) Flavor compounds of domestic meju and Doenjang.
J. Kor. Soc. Food Nutr. 21(5), 557-565.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ERE S LSl

Suh, H. S, Suh, D. B., Chung, S. H., Whang, J. H., Sung,
H. J. and Yang, H. C. (1994) Purification of ACE inhibitor
from soybean paste. Kor. Agr. Chem. Biotechnol. 37(6), 441-
446.

Shin. Z. 1., Ahn, C. W., Nam, H. S., Lee, H. J. and Moon, T.
H. (1995) Purification of angiotensin converting enzyme
inhibitory peptide from soybean paste. Kor. J. Food Sci.
Technol. 27(2), 230-234.

Park, K. Y. (1996) Destruction of aflatoxin during manufacture
of Doenjang by traditional method and anticancer activities,
The 1st International Symposium on the Functional and Phy-
siological Activities of Korean Traditional Soybean Fermented
Food. Food Reserch Institude, Konkuk Univ., 35-58.

Choi, K. J. (1995) Separation of Baciilus sp. and changes of
NH,-N, NH.-N and protease activity in Chungkookjang meju
adding with mugwort extract. M.S. Thesis, Konkuk University,
Seoul.

Kwon, O. J., Kim, J. K. and Chung, Y. G. (1986) The
characteristics of bacteria isolated from ordinary Korean
soybean sauce and soybean paste. Kor. Agr. Chem. Biotechnol.
29(4), 422-428.

Kim, Y. T. (1995) Characteristics of fibrinolytic enzyme
produced by Baciilus sp. isolated from Chungkookjang. Ph.
D. Thesis, Sejong University, Seoul.

Heo, S., Lee, S. K. and Joo, H. K. (1998) Isolation and
Identification of fibrinolytic bacteria from Korean traditional
Chungkookjang. Kor. Agr. Chem. Biotechnol. 41(2), 119-124.
Kim. S. H., Choi, N. S., Lee, W. Y., Lee, J. W. and Kim, D.
H. (1998) Isolation of Bacillus strains secreting fibrinolytic
enzyme from Doenjang. Kor. J. Microbiol. 34, 87-90.

Harold J. Benson, (1994) Microbiological Applications 6th,
Wm. C. Brown Publishers, p. 143-168.

Fayek, K. . and El-Sayed, S. T. (1980) Purification and
properties of fibrinolytic enzyme from B. subtillis. Zeit fur
Aligem. Mcrobiol. 20, 375-382. '

Horikoshi, K. (1971) Production of alkaline enzyme by
alkalophilic microorganism. Agric. Biol. Chem., 35, 1783-
1791.

Miller, L. T. (1982) Single derivatization method for routine
analysis of bacterial whole cell fatty acid methyl esters,
including hydroxy acid. J. Clin. Microbiol. 18, 861-867.
Butler, J. P. (1986) Bergey's manual of systematic bacteriology,
Williams & Wilkins, Volume II, p.1104-113.

MacFaddin, J. F. (1980) Biochemical tests for identification
of medical bacteria, 2nd ed, Williams & Wilkins, p. 36.
Takami, H., Akiba, T. and Horikoshi, K. (1990) Charaterization
of an alkaline protease from Bacillus sp. No. AH-101. Appl.
Microbiol. Biotechnol. 33, 519-523.

Mao, W., Pan, R. and Feedman, D. (1992) High production of
alkaline protease by B. licheniformis in a fed-bacth fermentation
using a synthesis medium. J. Ind. Microbiol. 11, 1-7.
Manachini, P. L, Fortina, M. G. and Parini, C. (1988)
Thermostable alkaline protease produced by Bacillus thermoru-
ber-a new species of Bacillus. Appl. Microbiol. Biotechnol. 28,
409-413.



qAoz e fibrings) AlFe el #F AT

The study on isolation of fibrinolytic bacteria from soybean paste
Si Kyung Lee*, Seok Heo, Hyun Kyu Joo' and Ki Bang Song’(Department of Applied Biology and Chemistry,

KonKuk University; 'Division of Food Resources, Sun Moon University; "Korea Research Institute of Bioscience
and Biotechnology)

Abstract : The bacteria which could hydrolyze the fibrin produced through the blood coagulation mechanism in
the human body, were isolated from soybean paste. The KDO-13 strain was selected among the isolated bacteria as
the best strain for fibrinolytic activity. It was spore forming and Gram positive. Cis, anteiso fatty acid, C,, iso fatty
acid and C,, anteiso fatty acid were 47.7, 13.5 and 13.6%, respectively as major component among its celtular
fatty acid composition. It showed the similarity of 57.7%, compared with standard strain. It was thus identified to
be Bacillus atrophaeus according to Bergey's manual of systematic bacteriology and its fatty acid profiles of gas

chromatography. The optimum culture temperature and pH were 37°C and 6 for the production of fibrinolytic
enzyme by Bacillus atrophaeus KDO-13.

Key words : soybean paste, bacteria, fibrinolytic enzyme, identification
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