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Abstract

Various bacterial strains that secret extracellular fibrinolytic enzyme were screened from kimchi, a traditional
vegetable fermented food in Korea. Three microbes of them were identified to be Bacillus amyloliquefaciens,
Bacillus brevis and Micrococcus luteus strains according to Bergey's Manual of Systematic Bacteriology. It
was found that B. amyloliquefaciens, B. brevis and M. luteus produced 2.58, 1.48 and 2.03 plasmin unit/ml.
of fibrinolytic enzyme, respectively. All extracellular proteases showing the fibrinolytic activity were confirmed
by SDS-PAGE and fibrin zymography assay and we propose that some of the fibrinolytic enzymes from this

work are novel enzymes.

Key words: kimchi, fibrinolytic enzyme

N B

A} Fie] €A WA HH YL WRAEP]
A7 A welatg-o2 gl g3rt AlPFc. of
HHL dA&Hql g FuiAte] FAsle] 2 sjo]
ZAHY, HFAH o2 §AI3K thrombinel] 2]3}]
fibrinogeno] fibrin®. 2 A3y o 24 FrEc]® o]
FA A" "A(fibrin clotsy A7} 383 F
plasmin} 72 ¥4 -8-3) & A(fibrinolytic enzyme)d|
23l oA Rt 22t ¥Ao] Ao Ixst
A §HFHAY e gafahgo] d&sA] B¢ A
$-oll = ¥AHF(thrombosisye] WA= o] AT A H o
w2 A &4 Y = . o= ¥A
%2 A 8F 3t A streptokinase, urokinase, L
2] 7L tPA (tissue-type plasminogen activator) 5-o] 4}
Al ABAZ AMHET glov} o]2id FE2 7H
o] ¥3 ALY 72 4ol glen urokinase®
£ A9stae TRt ofed FAME R 9
o} melx] Bl AAH o] x g s} el Y
fo] AL AHF A @Al N 77 cpFEA Al
Zxlo] A x|3o]® FollA] MEL- ¥ 43

Corresponding author: Kim, Seung-Ho, Protein Function
Research Unit, Korea Research Institute of Bioscience and
Biotechnology, Yusong, Taejon 305-600, Korea

219

4 FElg vl 9led o3’ |G Wk SoAxE
=3 i FA2 3 dHEAFA e gHL
A 97 AH AR 7 AR QAR ¥
th= HollA 53] 5% w3ic).

Sumi F-& Q&9 WEAE) natto (nattokinase)®
9} shiokara (katsuwokinase)”ol|A] VAL A Y4t
TF& $83la ALE AgAsgl o, ol AT &
A A o] FH LSS =Y 5 Ak g™
sich S8 vl x e nawos} FAHT A5
EAEQ AN YHL-8%58 713 Bacillus
58 B3 en@?, HIde FAAV Ag
59 HEAFANA EHLH5-E M FFES B8
st FHAe)A Feld FFE0| nanos] HIAolA
22 gt g5l visle] 2-3u) o)) H& YHEIA
AE A 9SS B s} 39, 52 el
i E¥A4 <l BEAEQ AT gt Ev sl E )
53 ZE& 715l it A A gol B
Hia 9lovt ol 7A] A48l B At &
ol = ¢lyich B o= A ALHE
AE AAshs 78 =% A 259 Bacillus
& {9} 188 Micrococcusd T5-& $Astgl on,
o] FFEL nattor} AT Be¥ dFERT}
& AL AEL i) odeE Haldglerns
oldl] P AFANE B 73l wA} )



220 A E 3R] A 314 A 13 (1999)

ME 3 W

TFe| 2l W =3

$2) vetel 34, H7) Aol £ 3
2] «Jl-& tryptic soy agar medium (Bacto tryptone 1.7
%, Bacto soytone 0.3%, Bacto dextrose 0.25%, sodium
chloride 0.5%, dipotassium phosphate 0.25%, and Bacto
agar 2.0%)°)| pour plating®t thg 37°CellA] 2447}k vl
oFstedct. o] of A% 2 colonyE Al¥s}e| fibrin
plateel] Altlgt g 37°Coll A 2447} wijakslar colony
FHo|| Rrigle] YA FFE YA LANAL YU
52 2elssich #eld FF= Bergey's Manual
of Systematic Bacteriology"”$} Microbial Identification
System (MIDI; Microbial ID, Inc., Newark, Delaware,
US.A)S] Mzt Aukat Sy el 3t FA3)
At

Fibrin plate2| ®|=

Astrupt®] B8 H3dled 50 mM 4HSHESE-
(pH 7.4, 0.15 M NaCl X312 2 fibrinogens 3 EF
£ 03%7} HE% 3] SHAA A E S of
A3t F, 89 5 mLol 532] 2% agarose 5 mL-& A7}
ste] Egbstdrh. 4% 2ol thrombin (100 NIH
wnivml) 0.1 mL& #H7}ste 343 83 F 54
petri-dishol] 337 7.8 A)7# fibrin plate g A|23}g )

NS EL B SHY

A x FFE tryptic soy brothel| 3 F&ta] 37°Coll
Al 24~48217F vt wiokl-& UA¥-e](10,000% g,
40 ohE AHEYE A5 ol 2ELE B9
o} YA LA AL fibrin plateol] ] thg-} 3Fo)
2] 8}¢ich. Fibrin plateol] pasteur pippet® & #|E 5
mm®] FHE& w5 zk AR 20 uLE FYFHn
37°Coll A 2417t WAL ThE o] o AR FE
o] AR g AAlslged TR AA" €48
A9 plasmin (1.0 unit/mL)yg AHE-3lde}. 284
o] ¥ LU L T2 S HE A 89
L H & A< £ sl Ao

SDS-PAGE % fibrin zymography assay

Laemmli Pl a2} 10% polyacrylamide gel-
SDS-PAGEe| A1g-8l%lw, s ake BSA (bovine
serum albumin}g ¥F2 2 3le] Lowry W™l e}
%2} 3}¢c}. Fibrin zymography assay Kim §2| ¥
W) wla) fibrinogen?] ¥ %7} 0.12% (wiv) FHA

polyacrylamide £-<}o] E§¥t £ Ful2 thrombin
(1 unity® A7}s}to] #3231 fibrin-polyacrylamide gelo]|
A A A8}, Z} laneel] 20 nge] w4 & loading3}
o 10 mA2] AFelA] H71d5E AA % SDS
of os] SR EAE AU S5t gel
& 25% Triton X-100& EI Tris F3L(50
mM, pH 7.4)ll 3087t A3t} SDSE AA3H 2
o] thA] ZHE Triton X-1008 A3 235
ide] ¥48s @42 200 mM NaCl, 10 mM
CaCl, 718 3 0.02% NaNy7} E§% Tris $+3-8-94(30
mM, pH 7.4)°]| gel& A8l 37°C 8-&7]A 124]
7} w8471 t}& Coomassie blue G422 #<lsle]
t}. Fibrin ¥ 84-¢ Jehile 2y £32 gel9]
fibrin-g- ¥#)|3ke] Coomassie blue F4 Az} Z)&
YAt #<lo] 7hg3ltl.

da 3 Of

Fe 22| ¥ 53

233 7]1%] «Jig tryptic soy agar mediumel} pour
platingd}3. 37°Coi|A] 244] 7} wieksled ©kd colony&
Ad 22igk ob$ o] 2 colonyE fibrin plateot] Alth
sl BR3E YA FFES T Bl
TF-E-% Bergey's Manual of Systematic Bacteriology 2}
Microbial Identification System®] A9} x)u}b4l B-Au}
Hel| 23l EAZ} A3} Micrococcus luteus, Bacillus
amyloliquefaciens, -12] 1. Bacillus brevis®] 37}X| o
& W slglri(Table 1).

grigds &3 | sl

25 33 A4 AL QAFF-E tryptic soy
broth wix]ollA] wjeksted =FEAE A= o} fibrin
plates| 4] plasmin (1 unitymL)ol] ¥ 2+ & 48] F
J3te} AhA yo| & vt AL 4L &
At o). Bel¥ 3% @5 712l Bacillus amyloli-

Table 1. Fatty acid compositions of the fibrinolytic strains
screened from kimchi (unit: relative %)

Fatty acid\ . . .
strains M. luteus B. amyloliquofacience B. brevis
14:04, 1.98 2.78 212
15:00 21.08 25.18 19.69
15:04ncis0 47.69 44.00 49.18
16:0k0 6.30 6.11 6.57
16:0 2.06 5.78 223
17:00 6.28 7.41 6.79
17:0 14.61 8.75 1342
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Table 2. Fibrinolytic activity of the strains isolated
from Kimchi

. Fibrinolytic activity
Strains (plasmin unitfmL) FIC
M. luteus 2.03 1.35
B. amyloliquefaciens 2.58 1.18
B. brevis 1.48 0.71

*Activity=dimension of clear zone of sample/dimension of
clear zope of plasmin.

*F/C=dimension of clear zone on fibrin plate/dimension of
clear zone on casein plate.
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Fig. 1. Changes of fibrinolytic activities in the culture
filtrates of the strains following to the culture period.
Symbols, O—O, M. luteus; N—24\, B. amyloliguefaciens;
[, B. brevis.
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Fig. 2. SDS-PAGE analysis (A) and zymography assay (B)
of the 24 hour culture filtrate of the strains. Molecular
weight of each protein was caculated by comparison with six
standard proteins (S). lane a, M. huteus; lane b, B. amyloli-
quefaciens; lane c, B. brevis.
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