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Identification of Bacterial Isolates from Natto Fermentative Broth and the
Analyses of their Proteases
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Natto Protease

WEAE H AR —TEE AR S 2T ok a2 08 B A S s & i
& A EARE (Bacillus subtilis natto) f& & 2RV K S EREZ MR < AR5 HEY
BTN S ER 2 FE e E N E A E R R (pretease) Z53HT © HFE
7T 1987 FFJE RIS LR S & G P S8R g Sy A R M AR M4y 2B 1 8 oo i

P 2 — 4050807 (nattokinase) DAZK o fER[EIZRERY Bacillus B & A
Y - EEETRET S IRAE S L ThAE MLl SR AR 4 5 1 S Rl % -
RIS R AR PR S A R AR E R FZ - 01 ~ FZ- 02 B FZ -
03 > DIETESE E 240 TRURERME > TRl ~ AERIRSE - MfEEE A
SES o BREF A B =T E M AR . 16S rDNA | B3t HyiE
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I E - MR EEREIRI T HEHAT 5590 > RHFRPEEIR FZ - 01 > $t
R RAAR 0 S RI DR ~ =58 ~ NRIR B L A I E
R EVE NS T EY) - eI R R E HERE EE A E
ROV R - 4SRN > EJEEE L FZ-01 ~ FZ-02 ~ FZ - 03 BfZ4E
Bk BCRC - 14718 174748 ¥ &E i) Bacillus subtilis » HEGFR FZ - 01 ~ FZ -
02 B FZ - 03 At Bt HAT V&R (% o ERFE AR EERT
Bk FZ - 01 FrEE4-rYE BE EY)1FE NATIVE - PAGE iy T-& ~ flEEsE
HE FEAER ) ENEsRERHfeSeEEniRENELE
SR E N ] DS E RIS BRG] © e ARHZR4SE ]
DtsmE — R EARERFE R T - WReE AR EEN E L E iRl
EN NS iy

In Japan natto has a long history of being a premium traditional fermentive food,
and been received much attention for health today. Natto 1s made of Bacillus
subtilis natto in steamed soy bean, and was found containing with nattokinase, a
fibrinolytic protease discovered by Dr. Sumi in 1987. According to many
scientific publications, many similar proteases functioning in digesting fibrin were
generated from a variety of bacillus strains and other microorganisms by using
various substrates. Strains FZ-01, FZ-02 and FZ-03 were isolated from natto
fermentation broth with high growth rates. The three strains were identified by
analyzing following characterizations: pH, temperature, salt adaptation, carbon
source and various enzyme activity. Furthermore, phylogenetic analysis was
carried out by 16S rDNA fragment sequencing and showed that FZ-01, FZ-02 and
FZ-03 are closely related and clustered with bacillus subtilis. In this study, strain
FZ-01 was selected for protease production and analyses. Strain FZ-01was
cultured with four different media: milk, soybean, wheat acrospire, and yeast
extract-based media. Fermentative broths of strain FZ-01 were analyzed with
protease using NATIVE-PAGE, which revealed that the produced proteins under
four different media showed differences in molecular weight. The activities of
these protease varied on fibrin- and casein-containing plates. From these results,
we deducted that strain FZ-01 can produce different protease using different
nitrogen sources.

PR I SR I 2 gUS 1 1.1 4905 1 1.2 BEFE 0 SH8E E 448 2
1.3 Bacillus FY5708 4 1.4 SN SEH 5 1.5 BEE O fEREZ 6 1.6 0052 8 1.7
W2 DIREME 9 1.8 T HAY 11 55 28 MR A 12 2.1 EFEZK

JE ~ BREBURE 12 2.2 AEEFE A EEE 1223 BEAE T HERAE
Fi 2> IBREEC TS ~ 4BENREIZLT] 14 2.4 BIRSHEFR R EC 2yt 17 2.5 oA
AEPERME IR ~ AREE - AR 17 2.5.1 BainfE A4 R & EHE
17 2.5.2 RS FEuEHES 18 2.5.3 MTEEEHIES 18 2.5.4 4= FHh4RHE 18
2.6 FAAE BRI ipe R F B 25 E MR 19 2.6.1 BE—hJFUF FH BE

19 2.6.2 Bk 7K A SR, 19 2.6.3 Modified B8 [ (Casein) 7K@ HlE 19
2.6.4 (9AE (Gelatin) 7K 20 2.6.5 fiZH5? (Lipase) yE M HIES 20 2.6.6
API-ZYM BEZ7EMAeH] 20 2.7 EEE EHE E-16S rDNA F 7514531 20
2.7.1 4 genomic DNA $HEY 20 2.7.2 PCR 5[F#%&t 21 2.7.3 PCR K 21
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2.7.4 16S 1DNA F B934T 22 2.8 Bl BaEy 23 2.8.1 BEEERIHE &
232.8.2 Bl E s 23 2.8.3 BEEZ/R[EIUL 23 2.9 BEEZEY) 70T 24 2.9.1 Eff
FUEEK 24 2.9.2 BES L 24 2.9.3 AR AfMREMEHER 24 2.9.4 B E H 57 fiF
EMDHIE 25 55 =25 4551 26 3.1 RURERHEEAS IR ALt 26 3.2 FAR 43
FEME-TRRE ~ £ RORE - BRI 26 3.2.1 BRkn/E 4 R & EHES 26
3.2.2 RFE A REEDARE 26 3.2.3 MHEEEHIEK 26 3.2.4 A= R U4 ML 27 3.3
FEARAE BRI -BFUR i B 220 MR 27 3.3.1 BE BRI A FHEE T 27
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3.3.4 [FHHEZ (Gelatin) 7KfEsHIES 28 3.3.5 fEAS? (Lipase) JEMEHIER 28 3.3.6
APIZYM BEZZTEMAH 28 3.4 B B85 E-16S tDNA R E&FF515347 28
3.5 BREE R B O 29 3.6 BEEEZEY) /30T 29 3.6.1 BEfEIKEIEIE 6
29 3.6.2 [ieAfETERIER 30 3.6.3 ligdE 1 s B HIER 30 S50 516w
31 4.1 Btk FZ-01 ~ FZ-02 1 FZ-03 2 B E 31 4.2 “KN[E) R A B HH
PR FZ-01 BEAEEABEEYNIRE 32 4.3 NEIESFEEE EE FZ-01 B4
E BT EEEZNTR 33 4.4 RAREE 34 275 308K 36 [EF= 44 T8k Mt
$F— - EERELE FZ-01 2 16S 1DNA FP51 72 sk — ~ EEREk FZ-02 2
16S rDNA J751 73 Ff$%k = ~ EEREFE FZ-03 2 16S tDNA 51 74 [fT5k
Vg~ fEAEE MR BCRC-14718 2 16S rDNA 75
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Construction of a 3D model of nattokinase, a novel fibrinolytic enzyme from
Bacillus natto A novel nucleophilic catalytic mechanism for nattokinase. J Mol
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