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MBI, o8 NaCle 7Kt mutrient SRR 0.1 mp =
B0 2 FHEF3, 30°ColA 147 YA H

A %E  colonyE  tryptone 0.5%, yeast extract 0.25%,
glucose 0.1%, skim milk solution 100ml, agar 1.5%(pH 7.0
0.9 x£ZeR oFofW 5% skim milk FHE ) A] o
toothpick3}e] clear zoneS #gshs AL 1% AAsAL, ThA
712 a =)ol A AAfFElo] protease Bd-S Ssk] HEl, Al
At .

1A FFellA fibin Wi AL 250 EElE
3k} A37)elA BE colonyES 0.5%9) fibrin©) -2
nutrient agar Wi} o] 7t #EE FEskd 30°CoIA 1
AU7F wietst & FHglo] FAEE 58 AT TE HF A
bslit.

uAEY] F4. HE A" 45 K79 2R 54
913 Bergey’s manual of systermatic bacteriology ¥Hel n}
gegty, Aaled 545 2AIY oW, API® system
BiologA k2] MicroLog® system(Release 4.0) 52 o83} A}
3te] HEH 02 Bacillus subtilis®. 57931

Fibrin $3184 % @92 g3j849 4. Fibin &31E
A 2 wE 8L CaseinFoling Vo= 27831t &,
7132 0.6% hammarstein caseing?] = 0.6%2] fibrin £-<)
25m/ 1/15M sodium phosphate buffer 1 mi¢t #i%ke 0.5 ml
Z 7Felal 40°CellA 3087 RESAIRL & 25mi¢] 044M
trichloroacetic acid(TCAYS 713l W-e-& AxAzic}. ofd, of
Z7 0.5 ml MYNE B T oA 1087 A 20
EZF 3000rpmoliA] G4EE st A4S 05mie] 055M
Na,CO;& 10m/%t Folin A1%F 1miE 7ol Yil 37°CellA
3027 WAL F 660 nmolM FBEE SAEI A &
AX (unit)y= 1% 5t hammarstein casein®Z5FE 1 g2
tyrosine2 A48k Ehe Jo =z St

il A, T SRS Lowry 59 WV wet B
golgon HFE G ARE bovine serum albumin(BSAYS
AR&-FTt

AL g i GA. AdE 2F K79 protease A
protease AJ4HE- ¥lAY & K HPO, 0.7%, KH,PO, 0.2%,
fructose 0.1%, soybean meal 1.2%, CaCO, 0.01% (pH 7.0)
oflA 30°C, 160 rpm o= 3U7F ZIEMIYSI] proteaseE ABAF
I, o8 8000 pmellA} 3047 Ualdaisld 1 A5
NG 343t 7ol 75% at FEFOE ESMAIA 4C
of| A 24417+ T ES. A7l T 8000X g &= 30E-7F ¢4l
EEate] 2 FHES AREFF S5k olE T4l
Hol gcolM FHTE AT AR 5 W ZokE § |
overnight 74331, 01& FAZF —70°C| 1.
Aoz ALRUT. FAAZRE ZEALNS sodium borate
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column(2.5X50cm) o &2A1A 048 mi/minl &2 &2 F
ZAEET Rol FAARE B9 FEINY. sAAxd
protease ¥4 @S sodium phosphate(pH 6.0)ll4  SP-
Sephadex C-50 cation exchange chromatography(column size

25X50cm)stl em &g EREe sAARAZ F,

K
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Sephadex G-100 filtration(column size 1.5X75cm)©. 2 0.14
m/min 0% &3t} GASI.

ANEE 2 BAF &Y. 549 AR BARE
st7] 9ste] 8%<9l acrylamide gel2 sodium dodecylsulfate
polyacrylamide gel electrophoresis(SDS-PAGE) 81 4 3,
Coumassie brilliant blue R-250-8< (Comassie brilliant blue R-
250 0.25g% 50% methanol 90 m/9F 10m/®] glacial acetic
acidell SajAlA Ax)S AMgste] GAskL, Agos A
gel®] B 79 acetic acid®} 5% methanol EF-EH 0= T
AsKATt. a2 markers Promegart2HE T-91% mid-
range markers =41 phosphorylase B(97.4kDa), bovine serum
albumin(66.2 kDa), glutamate dehydrogenase(55 kDa), ovalbumin
(42.7kDa), aldolase(40 kDa), carbonic anhydrase(31 kDa),
soybean trypsin inhibitor(21.5 kDa), lysozyme(14.4 kDa)°] mix
® g ARSI
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Table 1. Clear zone diameter (mm) of protease activity and
fibrinolytic activity shown by bacteria isolated from soy sauce

strain skim milk (1%) fibrin (1%)
K-6 1.6 (mm) 0.2 (mm)
K-7 2.0 1.5
K-9 12 0.5
K-15 1.6 04
K-18 1.5 0.8

K-26 1.0 0.3

K-30 14 0.7

K-32 12 0
K-34 1.8 1.1
K-38 1.6 0.7
K-43 1.7 0.5

Clear zone size of each strain was compared for 1% on fibrin plate and
1% on casein plate after incubation at 30°C for 2 days.

Fig. 1. Clear zone formation of hydrolzed skim milk by the
protease produced from the selection strain on skim milk agar
plate. The strain was incubated on 5% skim milk agar plate for 2 days
at 30°C. Left: strain K7, Right: Escherichia coli (control).
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FFe Bel R 54, AR AW 84979 & sPgelA
A (PFemRy Fad oF 45478 tdes 2zl 4
2 A2 Y S4E Fold Edgage] Ash proteae
ArsEol 71 733 w78 AAsIith(Table 1, Fig. 1). A
e w7o Fejsky 54, widsk B4, AR BA4S
API® system3} BiologAt2] MicroLog® system(Release 4.0)2
2 ZARIE A3 BdF7T Bacillus subtilis?]l 222 3915
AtH(Table 2, 3).

Ao A, Fao] LS wiAe] FHAzAL KHPO,
0.7%, KHPO, 02%, fructose 0.1%, soybean meal 12%,
CaCo, 0.1%% ZAIER W o] HjA & o]&3le] 30°CA
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SP-Sephadex C-50 cation exchange column chromatography,
Sephadex G-100 gel filtrationS ©|-8-3} B]EAH= 2339, 4

Table 2. Identification of the Bacillus sp. K7 on MicroLog system

Dextrin +  D-psicose +
Tween 40 +  D-ribose +
N-acethyl D-glucosamine +  D-salicin +
L-arabinose +  Sucrose +
D-arabitol - D-trehalose +
D-fructose +  D-xylose +
o-D-glucose +  L-malic acid +
M-inositol - Methyl pyruvate +
Lactulose - Propionic acid -
Maltotriose - Pyruvic acid +
D-mannitol +  L-asparagine +
D-mannose +  Glycyl-L-glutamic acid -
o-methyl-D-galactoside - Uridine +
3-methy! glucose +  2-deoxy adenisine -
o-methyl-D-glucoside +  inosine +
Glycerol +  thymidine +
API® Bacillus subtilis

Micr0L0g® Bacillus subtilis

This selecied bacteria was identified as B. subtilis K7 through the auto-
matic identification systems, Biolog system in MicroLog™ the strain
used (+) or did not use (-) each nutrient substrate.

& 3.8%, AANIG 7R EA3 ARSI THTable 4). ©] A
A Trlde] SDS-PAGE E4Jol F= whze] Bxpg2 oF 215
KDao|{th(Fig. 2).

Bacillus subtilis KTa-57} A48t protease®] A2
Streptomyces(30kDa), Bacillus  sp.(28.2kDa), Flammulina(33
kDa) 3 Bacillus sp.(30kDayd57+ AAFsl= proteaset AR}
Ao} 1 ThE Bacillus sp.(45kDa),”” Serratia sp.(66 kDa)7}
BH)sh= protease] PAFHURE 2 2 0F et

BASAF) Aol i pHS F3.  Protease B4 BHE-
pH7}F BAE 3¢S AESP] 93] pH 20~12.07F] 2783t
SollS o33} TS 43 AAFg. 3), NI B
Ae 9000 HEAd-g Jehisitl. #H 5] Bacillus subnilis
29Z 92 protease?] A pHZE 9.0012} HAgAT F
dstgon, 7 %, 3 Fo] RiL3 Bacillus sp.(pH 10.0),
Flammulina sp.(pH 7.0), Bacillus cereus(pH 8.0)z-77} A4kt
protease®] #% pHeR= ThEA viesich 31he®

AAFA pH ¢FEAL AES] 98t pH 2.0~12.07H
25l 1207 AA2E g 549 AR E 245
o B A3} 50~12070 P VeI U Fig. 4), 5.09)
13.001M= BAo] Adtsle AoE vepdth & d7¢] 3
= 4l 50] pH 4~128%olA &4t QFF3k, pH 139X =
AEGA0] A8 gthe el Aoy, Bacillus sp7t
Arksle Qzke)A proteases pH 6.0~127F1] SHE3ItHe A
59 B30 vl £ A g49] pH Gl vt H
< AFAE B
F2845 gl tigt 259 BF. Protease /390 V]
= 259 932 AE] 93 8 vREE 20~60°C
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Table 3. Identification of the Bacillus sp: K7 on their physiological and biochemical characteristics

Bacillus alcalophilus Bacillus badius Bacillus subtilis K7
Gram stain + + + +
Motility + + + +
VP-test - - - -
Catalase test + + + +
Acid from D-Glucose + - + +
L-Arabinose + - - -
D-Xylose + - - -
D-Mannitol + - + +
Gas from glucose - - - -
Hydrolysis of casein + + + +
Gelatine + ND + +
Starch + - - -
Utilization of citrate - - - -
Nitrate reduced of nitrite - - + +
Formation of indole - - - -
Growth at pH 6.8 nutrient broth* + + + +
57 + + + +
Growth at 10°C - - d -
30°C + + + +
40°C + + d +
50°C - - - -
“ pH in the nutrient broth was adiusted by adding 1 M NaOH.
Symbol: +, 90% or more positive; -, 10% or less positive; d, 11-89% positive.
Table 4. Purification of the protease produced from Bacillus subtilis K7
Purification step Tot?]lJ :ict;l)\/lty Totd(l rr]i(r;))tem Sp(zlcl:]f;ltcs }a;flgny Re?((;ov)ery Pur(lfflclg;non
Culture supernatant 52260 1668.9 313 100 1.0
75% Ammonium sulfate 39528 658.8 60 75.6 1.92
QAE-Sephadex ion exchang 14138 80.8 175 27.1 5.6
SP-Sephadex C-50 ion exchang 2749 1.1 2477 53 79
Sephdex G-100 gel filtration 1991.3 8.3 239.9 3.8 7.7

- Total protein: estimated by Lowry ez al.*?

- Specific activity (units/mg): One unit was difined as the amount of protein needed to increase an absorbance at 750 nm.

+— PhosphorylaseB(97.4 kDa)

= bovine serum albumin(66.2 kDa)
- glutamatedehydrogenase (55 kDa)
4 ovalbumin (42.7 kDa)

- aldolase (40 kDa)
4 carbonicanhydrase (31 kDa)

“soybean trypsininhibitor(21.5 kDa)

Fig. 2. Disc-gel -electrophoresis and -SDS-polyacrylamide gel
electrophoresis of purified Bacillius subtilis K7. Left: Disc-
electrophoresis (nondenaturing PAGE), Right: SDS-ployacrylamide gel
electrophoresis (lane 1: purified enzyme, lane 2: molecular weight
marker).
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Fig. 3. Effect of pH on the activity of Bacillus subtilis K7 protease.
The optimum pH was studied by incubating the enzyme with different
buffers from pH 2 to 13 for 30 min (pH 2-5: 1 M sodium acetate-HCl,
pH 5-8: 1/15 M phosphate, pH 8-9: 1/20 M Na,B,0,-HCI, pH 9-12:
1/20 M Na,B,0,-NaOH).
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Fig. 4. pH stability of the protease produced from Bacillus subtilis
K7. The pH stability was studied with the residual protease activities
after pretreating for 12 hr at 4°C. (@: 1 M sodium acetate-HCI, O: 1/
15 M phosphate, B : 1/20 M Na,B,0.,-HCl, [J: 1/20 M Na,B,0,-
NaOH).
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Fig. 5. Effect of temperature on the activity of Bacillus subtilis K7
protease. The optimum temperature was studied by incubating the
enzyme with the optimum buffer (1/20 M Na,B,0,-NaOH, pH 9) from
20°C to 60°C for 30 min.
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Fig. 6. Thermal stability of the protease produced from Bacillus

subtilis K7. After the enzyme solutions at various temperatures (40-

70°C) were incubated for different time (0-60 min), the residual

activity was measured. (@: 40°C, O: 50°C, H : 60°C, [1: 70°C).

841 fibrinolytic activity 7} Cu*oll 23] Z381A A= Zn™
o o8l o] F7kEE Aeg HuEHE olet o] B
& fibrinolytic enzyme®] E<°]2S 7HA= metalloprotease®
A AT

K, Value, 7123x9l §4847e] HsdS gotrr] ¢
a fibring 2~16 mgmlZ 71dF=E EE5tHs W 2484
o] W3lE 243F Lineweaver-Burk plot FHoZ E §49
fibrino] W&k Km & 343 A3} Fig. 7904 5 d=niet
7] B §49] Km 3 18X 107 M2 A= o] At
= 37} B3 Bacillus sp. @52 3.1 mM3 FARBIE v
Bacillus cereus”, Bacillus sp*®RIME, 247 11.11 mM, 4.8
mM, 82 mM= ST Bacillus sp.,”® 1.3 mMETHs =UT}.
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Table 5. Effect of various metal ions on the activity of Bacillus 0.2 r
subtilis K7 protease
) - Relative activity (%) 015 F
Metal ion =
2 mM 10 mM 20 mM 5
= 01 F
None 100 100 100 b
KCl 92.1 84 74.9 “oo0s |
BaCl, 90 85 83.5
CuSO, * 5H,0 88.5 44 15.8 — . )
CaCl, 105.9 85 85.9 1 4 9
MgSO, + 7TH,0 96.8 78.7 69.2 1/s (M)
ZnSO, - TH,0 95.6 61.6 529 . . . . .
Fig. 7. Lineweaver-Burk plot of various concentrations of fibrin on
MnSO, - TH,0 97.6 95 99.1 . ; wed :
the enzyme reaction rate. Velocity (V) was expressed in {g-tyrosine
AgNO, 83 50.3 3.34 per ml of enzyme solution (tyrosine with optimum buffer) at 40°C per
FeCl, 4 0 minute.

Metal ions were added to the final concentration of 2, 10, 20 mM and
the enzyme solution was incubated at 40°C for 20 min after preincuba-
tion for 12 hr at 4°C.

Table 6. Effect of chemical inhibitors on the activity of Bacillus
subtilis K7 protease

Chemicals Relative activity (%)
2 mM 10 mM 20 mM

None 100 100 100
SDS 85.8 85.2 85.9
p-CMB 923 81 65.9
Todoacetate 81 14 2.5
EDTA 41 35 28.3
CDTA 62.7 537 334
L-cystein 96.4 83 80
Hydroxyurea 85.9 83.4 30.3
AHA 83.3 85 80.1
Thiourea 84.7 81.8 71.7

Protease activity was measured by 20 min of incubation at 40°C after
preincubating the enzyme solution (added at 2, 10, 20 mM) for 12 hr at
4°C.

EDTA: ethylenediaminetetraacetic acid, SDS: sodium dodecyl sulfate,
CDTA: trans-1,2-diaminocycloheane-N,N,N',N'-tetraacetic acid, p-CMB:
p-chloromercuribenzoic acid, AHA: acetohydroxamic acid.
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Purification and Characterization of Fibrinolytic Enzyme Produced by Bacillus subtilis K7 Isolated ‘from

Korean Traditional Soy Sauce

Doo Young Kim, Eun Tag Lee and Sang-Dal Kim* (Department of Applied Mzcrobtology, College of Natural
Resources, Yeungnam University, Gyeongsan 712-749, Korea) -

Abstract: An alkaline fibrinolytic protease-producing bacteria was isolated from Korean traditional soy sauce and
identified as Bacillus subtilis K7 from the results of analyses of its morphological and physiological properties, API®,
and Biolog system. The enzyme was purified by 75% ammonium sulfate fractionation, QAE-Sephadex anion and SP-
Sephadex cation exchange column chromatography and Sephadex G-100 gel filtration. The specific activity of the
purified enzyme was 233.9 unit/mg protein and the yield of enzyme was 3.8%. The homogeneity of the purified

enzyme was confirmed by polyacrylamide gel electrophoresis. Molecular mass of the enzyme was estimated about
21,500 Da by SDS-polyacrylamide gel electrophoresis and gel chromatography. The optimum temperature and pH
for the enzyme activity were 40°C and 9.0, respectively. The enzyme was stable in a pH range of 5.0 to 12.0, and
60% of its activity was lost on heat treatment at 50°C for 20 min. The activity of the purified enzyme was inhibited
by the presence of Fe*, Ag®, Cu*, iodoacetate, ethylene diamine tetraacetic acid (EDTA), and trans-1,2-
diaminocycloheane-N,N,N',N'-tetraacetic. acid (CDTA). The results indicates that the enzyme requires a metal ion for

its enzymatic activity.

Key words: Bacillus subtilis, fibrinolytic activity, fibrinolytic protease
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