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Studies on Proteolytic and Fibrinolytic Activity of
Bacillus subtilis JM-3 Isolated from Anchovy Sauce
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This study was performed to search for potential microorganism that has rapid fermenting and physiological
functions from anchovy sauce. We isolated three bacterial strains, JM-1, JM-2 and JM-3 with proteolytic and
fibrinolytic activity from anchovy sauce. Among the 3 bacterial strains, JM-3 showed the strongest proteolytic
and fibrinolytic activity. Bacterial strain JM-3 was gram-positive rod, motile and formed endospore. The 16S
rRNA of bacterial strain JM-3 was amplified by PCR and then its sequence was determined by ABI 310 genetic
analyzer. The 16S rRNA sequence of bacterial strain JM-3 was compared to BLAST DNA database and
identified to Bacillus subtilis with 99% of homology. The optimum temperature, pH and NaCl concentration for
growth of B. subtilis JM-3 were 40°C, 5.0 and 0%, respectively. The optimum temperature, pH and NaCl
concentration for proteolytic and fibrinolytic enzyme production of B. subtilis JM-3 were same as optimum
conditions for growth. At 20% of NaCl concentration which is common NaCl concentration of fish sauce, B.
subtilis JM-3 showed about 60% of proteolytic and fibrinolytic activity of 0% NaCl concentration. From above
results, we found that B. subtilis JM-3 will be able to used for starter of functional fish sauce.
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Table 1. Morphological and biochemical characteristics of bacterial strain JM-1, JM-2 and JM-3 with those of B. subtilis and B.

pumilis
Characteristics M-1 M-2 IM-3 B. sutilis® B. pumilis"
Isolation 30 v v
Gram stain +2 + + + +
Form rod rod rod rod rod
Spore + + + + +
Motility + + + + +
Oxidase 2 - - - -
Catalase 4+ + + + +
ONPG - - - - -
Esculin + + + + +
Indole - - - - -
VP + + + + -
Gas production on glucose - - - - -
Citrate utilization + + + + +
Gelatinase production + + + + +
Nitrate reduction + + + + -
Acid from L-arabinose + + + + +
D-xylose + + + + +
D-mannitol + + + + +
D-glucose + + + + +
UBergey's Manual of Systematic Bactereiology.
BNegative.
SPositive.
B. subtilis IM-3; 1 gg ggacagalgggagettg 60 g BygAde =43 A4S Fig. 2¢] Jepiigick B
P bl KA S e s ® subtilis M1 IM291ME A7 15mme} 17 mme] £HE
B. subtilis IM-3: 61  gegsacsggt 228 288 gggasac 120 S A&E S Yo n, B subtilis IM-3= A7 20 mmZ 7}
B. subtilis KLOTT: 91 goggacgeat gegt gggataactoogggasac 150 2 @A Vet 7P 7 vl BEaae el
B. subtilis IM-3: 121 cgpep ggatgg geatggy ggtgecticgg 180
B. subtilis KL-077: 151 cgggg -ggatggtt gg getgecttcgg 210 %ﬁ ggﬂ S %ng
B subtils M3 181 N cetamgimacgacicacca 240 Gl RS Ad BEFTESY 84 &3 g4 =
B. subrilis KLATT. 211 a1EgACCoECES) gelgagetancggetcaccaa 270 AL AFE Table 29} Fig. 39 WERNATE. B. subtilis M-
B. subtilis JM-3: 241 28 gagestgatcsy ELL; ggee 300 1’ M-2 :Lﬂl JM_3 E_":_‘o“}\:' —!T:_tg%}% ‘T&;g:??} ‘{': ?:,)\2}]\_0_
B. subnlis KL-077: 271 ggcaacgatgegtagecgaccigagagggtigatoggecacactgggactgagacacggee 330 U:], 1% B. subtilis JM"3°ﬂ}‘1 7 ]—XJ He ‘El?"tg:?:l'o] ‘?’l’%ﬂ 01
. I3 g8l 24 7P AERE & & JUY. B subrlis IM-
e s o S w19 WA 83l BH@)E plasmin 1.0 UmLe) 60%e] 3P
‘ S fibrin 3 248-S Uebd ¥, B subnlis IM-29F IM-
o e s o & 90%3} 110%2 plasmin} 9] 2+e 84 BYT
o] B A4 EIE EeldFEe] ¥4 &3 84 &
B. subtilis IM-3: 421 gBgcagt gt gactaacta 480 A=A L wgHL U AR Foj AFEA @
B sub.tilis KL-077: 451 gaatagggcgg| gt ggctaacta 510 Qj -E‘E" . Xé?éﬂ% 3_-5—.__}1\_% /\]'—g-?l’l:}t& _‘}I_E]‘ %‘8— Q%ﬂ_ %—3]]
B. subtilis IM-3: 481 cgtge 485 234 v Aoz Alg¥HT)
B. subrilis KL-077: 511 cgtge 515

Fig. 1. 168 ribosomal RNA gene, partial sequence of B. subtilis
JM-3 B. subtilis KL-077.
Length=1501, Score=961 bits (485), Identities=485/485 (100%).
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Fig. 2. Proteolytic activity of B. subtilis JM-1, JM-2 and JM-3
in skim milk plate at 37°C for 48 h.

C: BHI broth (negative control).

B: Bacillus subtilis ATCC 6633 (positive control).

1: B. subtilis IM-1.

2: B. subtilis IM-2.

3: B. subtilis IM-3.

Table 2. The fibrinolytic activity of B. subtilis JM-1, JM-2 and
JM-3 isolated from anchovy sauce

Sample Relative activity (%)
B. subtilis IM-1 60
B. subtilis IM-2 90
B. subtilis IM-3 110
Plasmin (positive control) 100
BHI broth (negative control) 0

Fig. 3. Fibrinolytic activity of B. subtilis JM-1, JM-2 and JM-3
in fibrin plate at 37°C for 10 h.

C: BHI broth (negative control).

P: Plasmin 1.0 U/mL (positive control).

1: B. subtilis IM-1.

2: B. subtilis IM-2.

3: B. subtilis IM-3.
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Fig. 4. Optimum growth temperature and pH of B. subtilis JM-
3 isolated from anchovy sauce.
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Fig. 5. Optimum growth NaCl concentration of B. subtilis JM-3
isolated from anchovy sauce.
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Fig. 6. Optimum temperature for the proteolytic and
fibrinolytic enzyme production of B. subtilis JM-3.
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Fig. 7. Optimum pH for the proteolytic and fibrinolytic enzyme
production of B. subtilis JM-3.
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Fig. 8. Optimum NaCl concentration for the proteolytic and
fibrinolytic enzyme production of B. subtilis JM-3.
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