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Abstract

In this study, fifteen laboratory stored Bacillus subtilus strains were tested for their NK activity,
and several parameters of the solid fermentation with chickpea (Cicer arietinum) media for NK
production were optimized. The NK activity was decided with the transparent zones method on
the fibrin-thrombin plate. The results showed that the NK secretion ability of strains was different;
and the water content, pH value, cultural temperature and cultural duration have obviously influ-
ence on NK production. The optimum condition for NK production was 31 °C, pH 7.0, 64% water
content and 36 hrs cultural duration and the addition of inorganic salts and surface active agents
was helpful for NK production with chickpea media. At the optimum condition, the NK activity of
the solid fermentation could reach 6731 FU/g.
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(Nattokinase, NK)HIR RE#K, FHIFR T AHRE R EEF=NKR TZSERALT T ; NKEFE R HUR A I
AEFEAFRETEE. SRRV, BAESKE. pHE. REHEE K RBER A% Y S R B4 44
SEEBE RN, BRERRINER TSR E AR TR LR =4 ERAKHT OF
FEE/KE64%, PH7.0, 31°C, ¥5536h) , M G EH A KB S BB 2 BRE A 1A2]6731FU/g,
KRBT BRI R .

XK ia
MEVES, ESKBE HEHEE, Wik

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

[ & (Chickpea, Cicer arietinum)iif T2 M #0% X377, & Bt A BRI mARE e H ek
eIz —, MRS =, ERERE. Hil, TEEHOH 2500 ZEM PP 58, Y G AE AR
R AN, T ELE B A RE R 2 PR s R R PR o i L A S S (14 T A
AT AW RERCR, RY4EE/REAHAAGHZ1] [2] [3].

I 8 17 85 8 R R I /K ST LA, R T R 1) B R Bl R o T R A AT T s 5 2 1 TR
TEERE B, P, RIS D)REREAT THEFE[4] [5] [6], AT RS ME 2k % 5 T AT 98 )SA HL AR
Mo WIERE « IRERSE . RSN EME GRS RS R RE AT TRFACT] [8]s A
LA WA e & F ORI LS8R AT T HEFE[9] [10]; IR LERIE FE0T DL W &0 JEORHITT A A I Ok
M LZESH. PRSI HEAT TIRER, WEYW KNGS, 5—J7H, KEFFERE NK /EA
—FRISLE IR I, AT DU R B A P2 [11] [12] [13] [14] [15], EUIRE R, 23 Az M R
(NPT o AR A SBR[ 14 S5 0T 8 W 7 [ A R R [16] [17] VR PR R [ 18] 1) 46 40 5 g (Nattokinase
NK) 9=l o fF B SSE T TEAT THRE, HRTRAGH NK A7 &5 1 2 [ A B RO LA
WA BB — DI L. NS SRR NK SR B 13 B — 08, ARSCTERT A
TARHAN b, 0P R FEEME T NK BRI S EOT e TR, JREUR TR SEings 8, B 3AT
PR 9T 45 RARE I R .

2. MM ERZE
2.1 #5

2.1.1. E¥k
ASHIT ST P R R 9S50 5 20 B ORAE 1K) 16 MR A 5 2 FAT 7 (Bacillus subtilus) &k -

2.1.2. ¥EHFE
1) LB £7%3E: NaCl 1.0 g & A 1.0 g« BEEER 0.5 g« 35fiE 1.5 g 28M87K 100 mL, pH {5 H 4R, 121°C
fe R 287K 25 min.

2) KPEgsEIRAE: ERUTEAR AN S, 2%, ARE, RIEER, IR, RIES L
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PRELR AT AT, 121°CEEZVSKE 25 min.

2.1.3. iXF
2745 11 J7 (Fibrinogen), %EIfLEF(Thrombin, 690BP/37), FRiF(Urokinase), 4 [ A [ 24 5 A4 i
Ko frs BERE. NaCl. EEEAik, MeRbky: He sl mE = irat.

22. A%

2.2.1. MhFilHE

B RIE L e R R R 774, 3T°CHE 97 24 ho FHEEFR A EL 1 82 N LB #5772+, 37°C . 150 rpm/min
T SR
2.2.2. BHRIFERH LB

B A i 226 B e FH T 3% B LI 3 AN TR St ol CORE 1 €8 s ORI A €2 A1/ N L 1 € ) 1) TR B 10 355 9
B, DU AT o S RO I G0 SR HSE B RS 1 R MR RIBESEIGRE A = MR s R
N 50 s WARRITIERIECN 4%, $E9% 48 h, At SR 006 BoRHET BN Tk [N T R (WA AL B
PR ANFEEFFRE ] R pH E R EKE M 2 B 75250, DU TCHLER AR s R 77 2 Rl 7 S50 4%,
HARSHPE W45 S2 a0 4) .

2.2.3. FhHE
KRB PRI, BESERE TR, A0°CHRF T, THEmESH .

2.2.4. NE HERER(NK)FENE

1) NG EEIRIE B NK R4 059, MAZE] 10 mL B0+, H 5 mL 0.9%NaCl i f#. 5]
JA TN 4 CUKFEIRHRE 4 h DL _E. 323455 5 5500 rpm/min 250> 10 min, FEC G E T3 50 d 4°Cllk
IHORAE, %M

2) IMEF4ETHRAH] % B 1 SCLF4ER (A JR(88 mg), JIIA 24.4 ml 0.01M PBS (pH7.4)i& VA fif s Tk if il
F KGR ¥ 0.9% NaCl ¥V f# 25 100 BP/ml 243 £ ; 1%35 IEBE A1 0.01M PBS (pH7.4)C & ; 15 56 HL 7.5 ml
1%FIE g kET I /N, 50°CARIR 10 min 5, A1 225 pl 100 BP/ml &EILEF, JRAIARHE 10 min; HUZF4EE
EE 7.5 ml, S0 N BIRBE (75 Bt MLRE) W A RR B IR ST IR N KR A, A%
A

3) IrAERIZRIILe ] 1 Jege il bn ikt 2, BRI AR 5 FH G B AR B ER KM RE i 20, 40, 60, 80
100 FU/mI. 43 AIHL 10 pL mibE TRl B IR A, T 37°CORIR 18 h J5, e i 274 85 (P hi byt bl
MER, B GRIEF S BRSO AR R . AEETS 1 (FUIMI) B AL bR, 1A R B T RN AL, 13
B PR B e dh 28, ARutE il 2R B 5 FEA y = 1.935x + 53.505, 2% & %L R® = 0.9908.

4) B e BRSO S B _EIETR L ml T 1.5 ml B0, FRIRES S B 10 ul SRR T I FL A HTE
HlMEF4E-FAR b, BT 37 CHRIERFE 18 he W& B MK/, TS I AR, il bR i 28
SRAT R I PR B 1

3. BZREHh
3.1. B EXEM NK EEEHRTHZT

3.1.1. ¥R
WA 1.
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Table 1. The comparison of NK activity (Fibrin-thrombin Unit/gram, FU/g) between different Bacillus subtilus strains
during solid fermentation with Chickpea(Cicer arietinum) media

= 1. TRIEHRAEEEN S5 NK BILEE (FU/g)

Bi#k (Bacillus subtilus) JEE I Rl 1 JE I ol 2 JE I 5l 3
Ts2 227.2 723.5 470.7
Taa 3211.9 4053.1 5299.5
Ta2 3025.3 3522.6 4378.2
Tx2 4173.3 3553.8 4653.3
L4 4173.3 4308.4 3777.8
Lo 4059.8 3617.3 2911.7
Sh., 530.2 970.3 1184.7
G, 1812.3 948.6 1514.1
Lss 3777.8 3509.6 3875.3
Z, 2707.6 2178.6 2911.7
Dss-3 3396.9 3649.2 4604.4
D3 1538.4 953.8 1244.4
R4 3260.8 3120.7 3668.4
R3 2804.7 2676.6 2815.5

Shy; 725.6 996.6 2314.2

B 1. & 1 mT A, AN [F) TR R R T TS o 7 NI R I Z2 e AR OK, T & Pt NK () 40 i R A A
— BRI . o Teoy Ly Logs Taas Dses 55 bR IR M 2.3 AN S FHER A VAl ) 70 I 40 &2 A VT B8 7
iﬁgﬁ’ Ek L3-l‘ R-l‘ R-3‘ Td-2‘ Z-ZW\Z: ** T3_2\ Shz\ G_z\ Sh7_1\ Dg_l\ D2_3$§%0

3.1.2. ElfsER
FAEWITHIS 7= NK BE VBRI K Teos Dseas Taas Lo S5RE— a7 KIFRE SR E L RL, SKins
BT,

M1 2 T, TR Las T EEHE GBS IREE BP0 &I RE /) BB MBS, HrhBRR Ly OB
B SR pIimAE A R, AW Ly IR R H ST 7T .

3.2. EFFETEIX MR A NK KRN

JEEWE G R R L5 K B 64%, pH7.0, 31°CH59%, T 12h. 24h. 36h. 48h. 60h. 72h. 84 h. 96 h.
108 hy 120 h HUFE, JARSRIG AR J5idin b RTiR,  BEsE e &5 5 (38 3).

B B3¢ 3 n %N, REEERTR 36h I NK FE IR B s B — B KIE TR ], NK GEPER A e, 1 H
BT ES: B, WG R NK 5K [ 36 h.

3.3. BFREMER T LB NK A%

ERIFR R EWE & 50 5, 121°C, 25 min KE G HAE TR 24 h 1) Ly B 2 ml, 435 iAE R 25°C
28°C. 31°C. 34°C. 37°C. 40°CHE;FEfirh %97 48 h, WFr4E WG 40°CT). Mwe. HATERENE, 45
W 4).
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Figure 1. The comparison of NK activity between different Bacillus subtilus strains during solid fermentation with
Chickpea(Cicer arietinum) media (In this figure, the T4.4, L., etc. were equivalent to numbers of different strains this experi-
ment used, the same below)

1. TEE#RAEEER SN2 HEBA LI (E 1 Y Toyy Ly FHSIRE 1 P REXFHARERNES)

Table 2. The secondary screening result for NK activity of different strains with chickpea media
F 2. NEEMERLER

LS T2 Tas Dss-3 L
NK 354 (FU/g) 4006.76 3777.80 1489.89 5748.62

Table 3. The influence of cultural durations on the NK activity with chickpea medium

7= 3. 1EFATEX NK BESE MRS

KRRt E (h) 12 24 36 48 60 72 84 96 108 120
i3 (FU/g) 0 2800.5 5192.8 5031.8 47174 4515.4 5112.0 5031.8 4564.0 4873.3

M1 4y T 2 IR, ORI PR T W [ A R I P N A RE BRI, BUCI BHE MR, R
FE AR B BE PR A BT TR R, BT i R R 31°C .

34, BFEJKENERELEES NK BRI

FRE W SRR K, e AN [l 7K R B 9% 3 (55%, 25 g JEME T + 25 ml 7K; 64%, 20 g EE G +
30 ml /K; 73%, 159 EBET +35ml7K; 82%, 109 EMET + 40 ml 7K; 91%, 59 EMET + 45 ml /K).
A% R R, 31CH IR HAMSLI b WAk EATA s B IE 45 F W F (% 5).

M7 5 ITLUE H, REERFRIES/KE Y 64%0 Bgvd i s, /K&K B0 s B PR BT TR .
(R, B e 7 7K N 64%~65% /5 4

35. ¥EFE pH MERELEE™ NK KR

FH 0.2 mol/L Na,HPO,-12H,0 % F1 0.2 mol/L NaH,PO,-2H,0 ¥ 1% 3% 77 & pH {H % 5.0.6.0.7.0.
8.0. 9.0; FEFIAI/KE 64%, 31 CH;FRfET 5 36 hy HABERA LR F. 458 0% 6.

B RAT R, 55 9R5E pH (N 6.0~7.0 B BvE M e s, T WL, M R IR 4N I IS B R R pH
{54 6.0~7.0,

3.6. AINFFI(FoHNER R R EE 2 LB NK B952

TE JEWE G 57 IR RN INAS R H A TN SR MR VS A NATR (R 7), R pH HE 7.0, /K&
64%; 31 CEFRFHETFE 36 hy HAWDIERFN vk FE L. S2i6 s Ban Rk 8).
FHE% 8 M, JEEME SR ERT FR I AN INIE & 0 L3R AR NS ME AT NK B e BRI, & By

O,
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Table 4. The influence of the culture temperatures on the NK activity with chickpea media
4. HEFRBEXINKESE LRSI

HEE(C) 25 28 31 34 37 40

fitgvd (FU/g) 4479.59 4758.70 5484.87 5262.76 4936.44 4618.33

Table 5. The influence of the medium moisture content on the NK activity (Note: The chickpea moisture content were
assumed 10%)

5. EFESKEN NK BEEM RS

K E(%) 55 64 73 82 91
FigvE (FU/g) 4410.82 5940.05 5189.54 5116.72 4308.44

e TEWEE SKE 0%t

Table 6. The influence of the medium pH values on the NK activity
7 6. 157 E pH EX NK BS/E M AR

pH 5 6 7 8 9

fitgd (FU/g) 3973.75 6188.79 6529.56 5522.25 4688.31

Table 7. The experimental combinations design of different inorganic salts and different surfactant (Tween 80) concentra-
tions with chickpea media

F 7. NEHEHGRMF (TR R R EE M) BISEaig it

IR IMFIFPE T K F MgSO, (A) CaC1, (B) K,HPO, + KH,PO, (C) Tween80 (D)

1 0.02% 0.02% 0.2% + 0.1% 0

2 0.04% 0.04% 0.4% + 0.2% 0.05%

3 0.06% 0.06% 0.6% + 0.3% 0.1%
SIS A B C D
| 1 1 1 1
1 1 2 2 2
11 1 3 3 3
v 2 1 2 3
\Y 2 2 3 1
Vi 2 3 1 2
VII 3 1 3 2
VI 3 2 1 3
IX 3 3 2 1

Table 8. The influence of additive groups (inorganic salts and surfactant Tween80) on the NK activity with chickpea media
7 8. AT (THERRFEFMEFD Xt NK BEE MRS

SIS | 1 1 v \% Vi Vil Vil IX

fiis (FU/g) 6036.72 6330.52 5129.07 4829.49 6134.02 4139.83 6330.52 6731.14 5373.36
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Figure 2. The influence of the culture temperatures on the NK activity during solid fermentation with chickpea medium (In
this figure, the 25, 28, 31, 34, 37 were consistent one-to-one the culture temperatures 25°C - 37°C)

[E 2. 1EZ7IREXEN S LB TN MBS (E 2 A 25, 28, 31, 34, 37 ¥Rk 3 HEUIEFRIBERE 25°C~37°C)

N A;B,CiD;3, Bl 0.06% MgSO,. 0.04% CaCl,. 0.2% K,HPO,. 0.1% KH,PO, A1 0.1% Tween80. fEIZH &
T, MG R NK A7 BE vl ik 6731 FU/g.

4. THERLIL

[ 1987 4 H A 225 20 WLEEAT M 200 A0 &b R BN G BA VA4 F 30 b 20 88 4l k. 31 2L A s 2 v
P IhAER) NK(Q8 30 LR, TR RBHE T E 6 9y G R . SR HLEE . Wi K. DR R K
W REERAREH AT T REFF, UEHH T 90 G & —FoH 38 R Y A s 3 R o 7 A 1) 2 2R
BABE; "L AR, 75 AR TRIA 8 /N CAE, S I A b B v i £F 4 2R (A I B VA IR
R, BREAFRL IR MR AN, A5, 22 REE, TLARBAERE, EREAE TR
A ORAGE I 75 AR BIE A

A, 1) S & B 7= NK (R 73 B /b s Frh 2009 4 4K A 55 99 5 A HEAT 1 (Bacillus subtilus
Natto) [F {4 & 17 [ 6 2. 5545 915 FU/g 1) NK FLAZBET ;. Xuetuan Wei £5(2011) FH AR VE K 2 f AT 14 (Bacillus
amyloliquefaciens) ¥l {4 % ¥ J7 12 B Mg &5 3545 356.25 FU/g 1 NK B % B0, 2014 4F P PELE DL © 85 57 4k
A HEZE FRRT 14 (B. subtilus) Jy Bkl o i e = N S i 1) S 00 2% PREAT T AR AL 72, 3R45 3210 FU/g
(17 NK S BVE[16] [17] [18]. AR 7800 6 M o [ 44 1 7= NIK F) v 7 B AR AN 20 R B S B0EAT T W10 1
SKIGHT I GERFRI, BRSLI =k E AN RS 1 (B. subtilis L) 38 £ 0 M ] 1A % I 40 e 1)
Dt R BEA {3 B. subtilis L™ B Rk, AEAR AL 37 3 (8 W =78 Inid &= O HLER 0.06% MgS0,.0.04% CaCl,.
0.2% K,HPO4. 0.1% KH,PO, A MHITHE 17 0.1% Tween80) AL AL 5535 44 1 F (I E 31°C, B3 FE 8K E
65%, H57R3E pH 6.0~7.0, KRS [A] 36h), [EEME R FEYIRL I NK AL BETE 7] LA S 6731 FU/g, 2t
T SCHERIRIE 1 DS S SO JEORL R BE Y NK BAAL % 18] [19] [20] [21]. AR H B 72 N DA M 5K SRRk A 77
A 1 NK 3L TR, 980 RS BRI AT A G SR i T — PP g4t

E&WH
TR A R RIS R T H (142106000201, 152106000052); M| T FH B o<+ %1135 H (141PPTGG415);
A FH BOoeTHRIITE (152102210167)
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