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Purification and Characterization of a Fibrinolytic Enzyme Produced from Bacillus amyloliquefaciens
K42 Isolated from Korean Soy Sauce. Yun, Gyung-Hyun, Eun-Tag Lee, and Sang-Dal Kim*. Depart-
ment of Applied Microbiology, Yeungnam University, Kyongsan 712-749, Korea — Bacillus amyloliquefaciens
K-42, which produces strongly a fibrinolytic enzyme, was isolated from Ganjang, a traditional Korean soy sauce.
The fibrinolytic enzyme was purified to homogeneity by ammonium sulfate fractionation, ion-exchange chroma-
tography on DEAE-Sephadex A-50, gel chromatography on Sephadex G-100, and gel chromatography on
Sephadex G-75 of the culture filtrate of Bacillus amyloliquefaciens K42. The purified enzyme showed the spe-
cific activity of 59.4 units per milligram, which was increased by 17.1 fold over the culture broth. And the molec-
ular weight of purified fibrinolytic enzyme was confirmed to be about 45,000 Dalton by sodium dodecyl sulfate
polyacrylamide gel electrophoresis. The enzyme activity was relatively stable at pH 4.0-10.0 and the optimum
pH was 8.0. The activity of the purified enzyme was increased by Mg?*, Cu®* but the enzyme was totally inhib-
ited by Ba>™ Hg?". In addition, the enzyme activity was potently inhibited by EDTA, EGTA and CDTA. It was

concluded that the purified enzyme was a metalloprotease. And Km value was 2.03 mg/ml to fibrin.
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Fig. 1. Enzyme activity assay for fibrinolysis and caseinolysis.
(A) Formation on lysis zone in casein plate (1%): B. amyloliquefa-
ciens K42 (a), Bacillus sp. (control strain, b). (B) Fibrinolytic
activity assay on the fibrin plate (0.3%) with the culture superna-
tants of strains: No. 1, strain K2; No. 2, strain K42; No. 3, strain
K45; No. 4, strain K48. The culture supernatants were loaded on
the holes and incubated at 30 for 12 h.
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Table 1. Identification of strain K42 on their physiological and
biochemical characteristics

Bacillus sp.  Strain K42

Rod-Shaped + +
Endospores produced + +
Motile + +
Catalase + +
Anaerobic growth D* -
Acid from D-Glucose + +
Hydrolysis of Casein + +
Gelatin + +
Starch + +
Utilization of Citrate + -
Nitrate reduced to Nitrite + +
Indole - -

Detrain + D-psicose +

N-acethy-D glucosamine - D-ribose +

Mannan - Sucrose +

D-arabitol - D-trehalose +

D-fructose D-xylose +

o-D-glucose + or-keto glutaric acid -

Microlog™ m-inositol - Methyl pyruvate +

system Lactulose - Propionic acid -

(4.01C) Maltotriose - Pyruvic acid +

D-mannitol + D-alanine -

D-mannose + Glycyl-L-glutamic acid -

a-methyl-D-galctoside - Uridine +

3-methyl glucose + 2-deoxy adenosine -

a-methyl-D-glucoside  + Inosine +

Glycerol + Thymidine +

D": substantial proportion of speices differ, +: positive -: negative.
The isolated strain K42 was identified as B. amyloliquefaciens.

Ind
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Fig. 2. Growth curve and fibrinolytic enzyme productivity of
Bacillus amyloliquefaciens K42. - @-, Fibrinolytic enzyme pro-
ductivity; -O-, Cell growth

Sephadex A-50 column chromatography, Sephadex G-100
column gel filtration, Sephadex G-75 column gel filtration
FHe AR HAEAoE B B0} Adele LR
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Fig. 3. Purification of the fibrinolytic enzyme. (A) DEAE Sephadex A-50. The crude enzyme of Bacillus amyloliquefaciens K42 was
applied to a DEAE Sephadex A-50 (2.5x30 ¢cm) column and eluted with S0 mM phosphate buffer, pH 7.5, at a step by step gradient of 0.0-
0.4 M NaCl, 18 ml/hr. (B) Sephadex G-100 (1st). Active fractions pooled from A were applied to a Sephadex G-100 (1.5<100 cm) column
and eluted at a flow rate of 0.5 ml/min. (C) Sephadex G-100 (2nd). Active fractions pooled from B were applied to a Sephadex G-100
(1.5x100 em) column and eluted with 50 mM phosphate buffer, pH 7.5, at a flow rate of 0.3 ml/min. (D) Sephadex G-75. Active fractions
pooled from C were applied to a Sephadex G-75 (1.5x100 ¢cm) column and eluted with 50 mM phosphate buffer, pH 7.0, at a flow rate of

0.5 ml/min. -@-, Caseinolytic activity; -O-, Fibrinolytic activity; —, Protein.

Table 2. Purification steps of the fibrinolytic enzyme from Bacillus amyloliquefaciens K42

Step Total protein (mg) Total activity (U}  Specific activity (U/mg) Purification fold = Recovery (%)
Culture broth 15520 64020 4.1 1 100
Salting out 3060 18017 59 14 28.1
DEAE Sephadex A-50 1509 14939 9.9 24 234
Sephadex G-100 (1st) 186 4426 23.8 5.8 6.9
Sephadex G-100 (2nd) 46 2198 47.8 11.6 34
Sephadex G-75 12 658 54.9 13.4 1.1

ebl el 4] AR x= whekeddel vl 17.14] F
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Fig. 4. Disc-electrophoresis (left) and SDS-polyacrylamide gel
electrophoresis (right) of purified enzyme from Bacillus amy-
loliquefaciens K42. Line A: Molecular markers (97.4 kDa, Phos-
phorylase B; 66.2 kDa, Bovine Serum Albunin; 45.0 kDa,
Ovalbumin; 31.0 kDa, Carbonic anhydrase; 21.5 kDa, Soybean
trypsin inhibitor; 14.4 kDa, Lysozyme) Line B: Purified enzyme.
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AIME 30°CollA] 5082 AAE R 80% o] S g4
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Fig. 5. Effect of pH on the fibrinolytic activity and stability of
the enzyme. -@-, activity; -O-, stability.
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Fig. 6. Effect of temperature on the fibrinolytic activity of the
enzyme.
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120 Table 4. Effect of various chemical inhibitors on the
fibrinolytic activity
s Chemicals Relative activity (%)
g 1 mM 5 mM
s SDS 83.3 8.3
J CDTA 11.2 12.3
2 L-cystine 97.5 96.7
% Todoacetic acid 91.7 101.0
o PMSF 87.0 83.3
EDTA 10.9 11.2
EGTA 16.7 14.5
o 10 20 30 40 50 Thiourea 95.9 93.0
Time (min) Sodium azide 92.6 103.7
Fig. 7. Thermal stability of the fibrinolytic enzyme. - @-, 30°C; Hydroxyurea 103.3 164.0
-O-, 40°C; - M-, 50°C; - A -, 60°C; -4 -, 70°C. Residual activity AHA 130.2 165.7
was measured after thermal treatment at each temperature. p-CMB 96.3 110.7
None 100.0 100.0
Table 3. Effect of various metal ions on the fibrinolytic activity
Metals Relative activity (%) o] A4 x{sﬂxﬂo] EDTA, EGTA, CDTA®) A= 85%
L mM 5 mM ool 4 B4e) M3} Yol o|HO Mo} B
CoCl, 94.5 94.1 amyloliquefaciens K427} A At8}= fibrinolytic enzyme<]
MgSO4 103.1 125.9 HAJol| TdolLo] 7}EM] Ahaghche AJALL oF 2} glal
CuSO, 101.9 118.4 o). o3t AMAL L 7 E0] EE A1EA] nattoe} H=A
MnS0, . 1031 115.3 HAol|A] E2l3) fibrinolytic enzymee] W45 serine enzyme
-, o w5 3,518l A WR) & 7] Aoy $eld B
ZnCl, 103.1 973 amyloliquefaciens K427} A A3} fibrinolytic enzyme-2
HeCl, 49.0 78 metallo enzymeg! 722 viebsict.
AgNO; 81.6 87.8
ZnS04 98.0 100.4 Km @4
SnClh 95.0 1029 B. amyloliquefaciens K427F ABAFSH= fibrinolytic enzyme
Pb(CH5COO0); 72.3 66.5 7} 7149l fibrin}e] AL eolH ) 248 Lineweaver-
FeSO, 83.9 44.2 Burk plot HH08 Km 72 248 A9} Km 2+ Fig. 8
NiCl, 88.4 100.0
None 100.0 100.0
06 -
enzyme®] Aol gle] Mg?', Mn?* 59| F&o] A2 051
activator® E4:0] 2] W] IAg = ARIS & 5 3 = ol
ot £°
Fibrinolytic enzyme®| &0l OjXl= MaliMe] Mgt — 75 5 034 >
A AL} B FF2] fibrinolytic enzyme?| EA4% x
Aatel BAE ZHEJ A L-cysteine, iodoacetic acid, § 0.2 1
thiourea, sodium azide, hydroxyurea, AHA, p-CMBE 1
mM=} 5 mM HzlEele o] £4 IS adlE FR|81A 0.1
v 2181954 hydroxyurea?] -9 5 mM FX3}olA
164%2] B4 el s}, Serinedl enzymee] A 3)A| <] L
PMSPFol| &JajMs EA8do] 87% FAl HUL cysteine? 1/[S] (mg/ml)

enzyme *] 34| Q] iodoacetic acidell ©J3jAE HAGA <l Fig. 8. Lineweaver-Burk plot of fibrin hydrolysis by the
90% o] AFS A5t THTable 4). ZZ&8v} metallo enzyme pufified enzyme.
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Sl 5027 A2 80% oA FHEE FAE Byoh =
4o] 20| B. amyloliquefaciens K427} AAFSH= fibrinolytic
enzyme®] Aol m|XE FFE AER A Mg, Cu
o HhalME B FAo] Flehe WS Bl =% B
amyloliquefaciens K427} JA¥s}= fibrinolytic enzyme->
metallo enzyme®] BA&eiAIQ] EDTA 5l Hsir= 15%
olg}E. FA Aol ZHAEEY ol B B A=
Hol metallo enzymeo] 7y} EAdol] S| 20] a3} A2
2 ¥ 223 714 fibrinde] S Yoli]
A3l Km e 24599 Km 3k 2.03 mg/mlz e}
ot

#HAte| &

B 7= st dF48] (KRF-21-005-G0009y 2
3 sl o A7 AYel| A=Y
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