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Purification and Characterization of Fibrinolytic Enzyme Excreted by Bacillus subtilis K-54 Iso-
lated from Chung Guk Jang. Yoo, Cheon-Kwon, Weon-Sang Seo, Chul-Su Lee', and Sang-Mo
Kang*. Deparfment of Microbiological Engineering, Kon-Kuk University, Seoul 133-701, Korea,
'Insitute of Food Hygiene, Seoul 156-050, Korea - The strain K-54, the best producer of fibrinolytic
enzyme, was isolated from Korean traditional food Chung Guk Jang and identified as Bacillus subtilis.
Fibrinolytic enzyme was purified and characterized, and its molecular weight was determined. The fi-
brinolytic enzyme activity was increased about 66.9 times via purification with recovery yield of 10.1%.
The optimum pH and temperature of this enzyme were 11 and 65C. The enzyme was stable within a
pH range 8-12 and unstable at 90°C. The molecular weight was estimated to be 29,000 dalton in the
form of monomer with no other subunit. The isoelectric point was calculated 8.67. N-terminal sequence
was identified Ala-Gly-Ser-Val-Pro-Try-Gly-Ser. Km value of the enzyme for o-casein was calculated
to be 0.31 (3.1 mg/ml). The enzyme activity highly inhibited by PMSF at 1 nM.
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turate, pH 7.8)9 5<1%F &7 10 cm petridishell 5 ml
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Fig. 1. Formation of lysis zone in fibrin plate to isolates. No.
1, isolate J-10; No. 2, isolate K-63; No. 3, isolate K-72; No.4,
isolate K-68, No. 5, isolate K-54.
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+ oleandomycinell WAl-& Z= 5 2744 9] AJ3}stx
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Table 1. Fibrinolytic activities of isolates from Korean trad-
itional foods

Strain Fibrinolytic activity (%)
K-54 189
K-63 162
K-68 131
K-72 159
J-10 152
Plasmin (1 unit) 100

Table 2. Summary of purification of fibrinolytic enzyme
from B. subtilis K-54

Total Total Specific  Yield
Purification step volume activity  activity (%)

(ml) (PCU) (PCU/mg)
Culture supernatant 920 637,232  2,668.9 100
Ammonium sulfate 37 452,467 5,342 71
Ion exchange 44 145,413 6,795 228
Gel filtration 31 96,447 8,317 15.1
Hydrophobic interaction 14 64,207 10,356  10.1

*PCU: plasmin casein unit.
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Fig. 2. Ion exchange chromatography (Hi-Load Sepharose
Q) of fibrinolytic enzyme from B. subtilis K-54.
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Fig. 3. Gel filtration chromatography (Hi-Load Superdex G-
75) of fibrinolytic enzyme from B. subtilis K-54.
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t}. wolxl #3184 o} F353le] Hi-Load Superdex G-
75 column®ll loading3ted 33l th(Fig. 3). thA] &4
S wo} FAAZE F 1M (NH).S07F E13l+ 10
mM phosphate bufferell &3 ¥ &2 4ol 23
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40% (NH,),S0, THioll4 $-&=%c}. Fibrinolytic en-
zyme A A X Table 33} 2}, 84 AT oF 3.8%
ol F Ao w&A-E oF 66.99 F71E AT (Table 2).
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Fig. 4. Hydrophobic interaction chromatography (alkyl superose)
of fibrinolytic enzyme from B. subtilis K-54.

Table 3. Comparison of lysis activities using casein and fib-
rin as substrates

o-Casein Fibrin  Fibrin/

Enzyme unit unit ¢-casein(%)
Fibrinolytic enzyme from isolate 297.6 244.4 82.3(100)
K-54
Fibrinolytic enzyme from isolate 307.0 282.4 75.7(91.1)
J-10
Subtilisin Carlsberg (type VIII) 2877 362 12.6(10.4)
Subtilisin BPN' (type VII) 252.1 103.8 41.2(33.9)
Protease from S. aureus 1763 17.5 9.9(8.1)
(type XVII-B)
100
% m-
§ of
&
ﬂ-
.

Fig. 5. Effects of initial pH to the fibrinolytic enzyme acti-
vity of B. subtilis K-54.

tokinase® A pHH$ Q) 6-12[8), Carlsberg® A
pHal 7-9[17], Kim 5°] ®.33} fibrinolytic enzyme*]
pH 6-12 $[12]3} vl 2] & v K-540]4] £2]h 4]
Hx pH W97k 8128 ot Fhert, pH 7elM=
50%0]4Fe] 3-8 Bof pH7} 7o)kl dFte] W9 el
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Fig. 6. Effects of temperature to the fibrinolytic enzyme acti-
vity of B. subtilis K-54.
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Fig. 7. SDS-PAGE of fibrinolytic enzyme from B. subtilis K-54.
Lane M, standard low marker; lane 1, after (NH,),SO, salting
out; lane 2, after hydrophobic interaction chromatography.
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Fig. 8. Relationship between the retention time and molec-

ular weight of fibrinolytic enzyme from B. subtilis K-54(A).
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A B oAl g2 Ala-Gly-Ser-Val-Pro-
Try-Gly-Val-Ser °]%tt. o]& A E-& & N-Uot A
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K-5404 AR 49 N-w<te] 79 nattokinasest
L g A o}w Al A o] valined isoleucine o2 A&
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M K54

Fig. 9. Isoelectrofocousing of fibrinolytic enzyme from B.
subtilis K-54.
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M= S40| J|EF HHAISG] SA210| fibrinolytic
activity Hl10  B. subtilis K-54¢] fibrinolytic activity<}
proteolytic activity® vla3t A3 (Table 3) ZAdul=
82.8 20 WEA4<Ql Bacillus 4 o A= protease
2l Subtilisin Carlsberg®} Subtilisin BPN'$] 73-$ %M
H] = Zb7E 12,63 41.22 o} fibrinel] tHdt Ea)50] A
k. S. aureusel] ¥ protease’™ FAIn]7} ol K-
544 QA== E47) fibrinell Hig 7]& EolAlo] &
& galdd 5 gt

BI2SSE0 0IXls 7180l Q8 a-Caseind $=%F
0.2%-10%74x| A8t F e} WhSAI7) ¥, 540 &
A& &3} Lineweaver-Burk plotAtollA] ZAREF 2
3} Fig. 1154 7). A A8 fibrinolytic enzyme®] V.4t
2 47.16%, Km3t< 0.31(3.1 mg/mDgct. w4 al-
kaline protease®] Km#t=} nixs] 2 ] Bae £[2]0]
233 1.3 mg/mlEchs 29t Chung 5413 Ta-
kami £{25}°] ¥ 3% 4.8 mg/ml, 8.2 mg/mi¥ch=

1 5 9
K-54 A Q] s [v P Y G| V S
Carlsberg A Q| T |v P Y Gl I P
BPN' A Q| s v P Y G| V s
Nattokinase A Q| s |lv P Y G] 1 S
CK-11 A O] T VP Y G + P

Fig. 10. Comparison of N-terminal sequence of fibrinolytic
enzyme from Nattokinase and K-54.
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Fig. 11. Lineweaver-Burk plot of various concentration of
a-casein on enzyme reaction rate.

e,
ROHHION 218t S B0l @8 seba AsjAl} &
8] A oAl e Eaja) sislel A =

W2 g5 102 tiste] A¥EF B3t Table 424 7o)
Cysteine protease®] A|31x}al E-64, iodoacetateol|A]
T 849 zavt A9 JehdR] wske™ cysteine¥
serine protease®] vl oJAlA|al leupeptinolA & k&
o] 87.3%F Azte] FA 714E Hyoh o=y
serine protease2] A} DFPelA &= & G4 34

o] 2.6%2 7}aA As=slem PMSFIAE 0.95%%

Table 4. Effects of inhibitors on fibrinolytic enzyme purified
from B. subtilis K-54

Inhibitor Relative activity (%)

None 100.0
Cysteine class

E-64 (10 uM) 101.1

Iodoacetate (1 mM) 96.2
Cysteine and serine class

Leupeptin (100 uM) 87.3

TPCK (100 uM) 95.7

TLCK (100 uM) 91.4
Serine class

DFP (100 uM) 2.6

PMSF (1 mM) 0.95
Aspartic class

Pepstatin A (1 uM) 96.2
Metallo class

EDTA (50 mM) 96.2

1.10-phenanthronin (1 mM) 102.6
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4 #FAe] 73sHAl A=At Nattokinase® serine
protease®] YZ° 2 serine protease HA|A <) PMSF
o] Z33HA] JA=H[8] Kim 51212 A3 oA e
&t Bacilius CK-11550ll4] A A&t fibrolytic enzyme®=

2y} Kim S[11]e] 7‘47;_}%-0“*‘] 2218k KA38FellA] A
A&k fibrinolytic enzyme®] 7% EDTAdA 2A<
90%°]%}o] A== metalloprotease® B3} v} it}

2 o

T A EQl Ao 2 8E 713 fibrinolytic
activityg Z+= K-5455% #&], & 6’5\'} A3 B. sublilis
= FglHglen o] FogHe e e E4E A
Astgch AA = oF 66.991 S71s1H o oF 10.1%2]
85 Btk B subtilis K-54904 £2]% fibrinolytic
enzyme?] #Z A pH7} 8-124}01g o 50-75“07\]-
ool A HA AL wolch AAR Ao xRS o
29 kDae|9l 3, - 8.67% et on] Vmax%}—ﬁ—
47.16%, Km3t2 0.31(3.1 mg/mDglch N-2h olvjx
A A EA A3 B osubtilis K-545N4 AAE fi-
brinolytic enzyme+ Ala-Gly-Ser-Val-Pro-Try-Gly-
Sere]33-2.7 serine protease s3] PMSFeol] 732&t
A =3E B serine protease AP AA49E Fql
3 gldch
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