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Abstract:
purified by 30%—
cally characterized. Nattokinase activity was measured by fibrin plate method, and SDS-PAGE was used to analyze its purity.

In this study, nattokinase produced by Bacillus subtilis NK-1 after shallow tray fermentation was separated and

70% saturation ammonium sulfate precipitation and Sephadex G-50 column chromatography and enzymati-

Electrophoresis-pure nattokinase was obtained, with a molecular weight of about 27.518kD. The purification factor and activity
recovery were 19 and 42.1%, respectively. The optimal reaction temperature and pH of this enzyme were 50 C and 8.0,
respectively.
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Fig.1 Effect of degree of ammonium sulfate saturation on the
precipitation of nattokinase
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Fig.2 Elution profile of Bacillus subtilis nattokinase on Sephadex G-
50 column
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Fig.3 SDS-PAGE of purified nattokinase

i 3 14, 20t Sephadex G-50 42T 5 (48 &
Wl 0o o — gk, R B AR . R BL
PRUEEE (10 TR E T B (LgM ) I AR, AHXTHE R
KM R bRz, LRA 7 b y = — 1.055x + 5.2197
(R2=0.9574). ILULT7REVIEE, A B4 F e A
27518D, SO CHR[23-24) BRI .

214 Zifb i FEVEMY
*1 HEAKEGR

Table 1 Protein purity, total and specific kinase activity of isolate at
different stages of purification
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Fig.4 Effect of pH on the activity of Bacillus subtilis nattokinase
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Fig.5 Effect of temperature on the activity of Bacillus subtilis
nattokinase

IS Al %0, BEA W LI T s 490 530N PR AR G

FEvs Jr, B A AR B, 50°CEﬂ‘é|iJEi%ﬁz@§E’~J
AT BEEGE T s VLS R IR (25 °C) I, 4 S
WAL 30% . 4R E KT 50°C, giE ﬁﬁﬁfﬂﬁ{ﬁjﬂ?
5 T AR .
3 i #

31 Yy A Ay Alifh
SO AR AR R, A R, B

FHO R, R WG, SR EE T

Be, HEgLLIS Bt ). RS0 Hhr.



234 2012, Vol. 33, No. 15

=T

il =

X LR

Sephadex G-50 #EKe (4 120 28 TG A I RS2 W) 304 T
alifh, MR RV 1) 5% )5 11 Sephadex G-50 A1 4T,
A5 ECh 19 £%, IR R 42.1%, SRRk T
57.9%, 2k A5 S T N BIRTFLR. 19 25200, g s T
e K SR 5T
32 MBI

il T 1 2 b A AR 2 R P R e B R R A
PH (B AR b 2% T 82 52 M 380 1K 6 L ) B 56 A1 1 At 4R
&, MW S KSR A RN . BRI
0% B) 45 1) S i (RS PR ol T B BT, T R T
FhEfn AR Pk, DA AR B N N — AN R iR R, ARG
TR P T AR e N e bR o 9 SR ) e S N R A
50°C, HULBEAFERSIHI L. HEEERD, KM%
R FRANIE] o BOE RNY pH fER 8.6, 5 EEARE,
Mt B S U A S 40

4 & ®

41 EEERAAC T 20N g SRR R L, 30%
MR R IR L LR 2R, 70% YR EERR BRADTIE 4N 5 3%
Wig, WivEM 10mmol/L pH6.4 B MM G, &
Sephadex G-50 #EI )T,  WSCER I P 7348 2 i () 2l AR
W, EELIE ok 22388.81U/mg,  SDS-PAGE HELK K Hy i
— 4. AL SO 19, BEEIRIKCR N 42.1%
42 YNGR IE [N pH A pH7.0~9.0, 44 G
e i I BE A 45~55°C .

43 AL T2 T U A Al T A% 0 SO, LA

ek — L WF R LB .
EEPd ¥

[1] SUMI H, HAMADA H, TSUSHIMA H, et al. A novel fibrinolytic
enzyme (nattokinase) in the vegetable cheese Natto; a typical and popular
soybean food in the Japanese diet[J]. Cellular and Molecular Life Sciences,
1987, 43(10): 1110-1111.

[2] FUJITA M, NOMURA K, HONG K, et al. Purification and characteriza-
tion of a strong fibrinolytic enzyme (nattokinase) in the vegetable cheese
natto, a popular soybean fermented food in Japan[J]. Biochemical and
Biophysical Research Communications, 1993, 197(3): 1340-1347.

[3] SUMI H, NAKAJIMA N, MIHARA H. Fibrinolysis relating substances
in marine creatures[J]. Comparative Biochemistry and Physiology Part
B: Comparative Biochemistry, 1992, 102(1): 163-167.

[4]  FEs0er. REFMFFSTHEELI]. thvE s Tolk, 2004(1): 2-4.

[B] AR, R, kK S SRR R[], R
15k fift, 2008(3): 29-33.

[6] PENGYong, HUANG Qing, ZHANG Renhuai, et al. Purification and
characterization of a fibrinolytic enzyme produced by Bacillus
amyloliquefaciens DC-4 screened from BOUCHI, a traditional Chinese
soybean food[J]. Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology, 2003, 134(1): 45-52.

71 WANG Chengtao, JI Baoping, LI Bo, et al. Purification and character-
ization of a fibrinolytic enzyme of Bacillus subtilis DC33, isolated from
Chinese traditional Douchi[J]. Journal of Industrial Microbiology and
Biotechnology, 2006, 33(9): 750-758.

[8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]

[25]

[26]

[27]
[28]
[29]
[30]

[31]

LIU Junguo, XING Jianmin, CHANG Tianshi, et al. Optimization of
nutritional conditions for nattokinase production by Bacillus natto
NLSSE using statistical experimental methods[J]. Process Biochemistry,
2005, 40(8): 2757-2762.

CHITTE RR, DEY S S. Production of a fibrinolytic enzyme by thermo-
philic Streptomyces species[J]. World Journal of Microbiology and
Biotechnology, 2002,18(4): 289-294.

CHO Y H, SONG J Y, KIM K M, et al. Production of nattokinase by
batch and fed-batch culture of Bacillus subtilis[J]. New Biotechnology,
2010, 27(4): 341-346.

DEEPAK V, KALISHWARALAL K, RAMKUMARPANDIAN S,
et al. Optimization of media composition for nattokinase production by
Bacillus subtilis using response surface methodology[J]. Bioresource
Technology, 2008, 99(17): 8170-8174.

WANG Sanlang, CHEN H J, LIANG T W, et al. A novel nattokinase
produced by Pseudomonas sp. TKUO15 using shrimp shells as substrate
[J]. Process Biochemistry, 2009, 44(1): 70-76.

WANG Sanlang, CHEN H J, LIANG T W, et al. Purification and
biochemical characterization of a nattokinase by conversion of shrimp
shell with Bacillus subtilis TKUOO7[J]. New Biotechnology, 2011, 28
(2): 196-202.

JIA Yan, LIU Hui, BAO Wei, et al. Functional analysis of propeptide as
an intramolecular chaperone for in vivo folding of subtilisin nattokinase
[J]. FEBS Letters, 2010, 584(23): 4789-4796.

ZHENG Zhongliang, ZUO Zhenyu, LIU Zhigang, et al. Construction of
a 3D model of nattokinase, a novel fibrinolytic enzyme from Bacillus
natto: a novel nucleophilic catalytic mechanism for nattokinase[J].
Journal of Molecular Graphics and Modelling, 2005, 23(4): 373-380.
SUMI H, HAMADA H, NAKANISHI K, et al. Enhancement of the
fibrinolytic activity in plasma by oral administration of nattokinase[J].
Acta Haematologica, 1990, 84(3): 139-143.

FUJITA M, ITO Y, HONG K, et al. Characterization of nattokinase-
degraded products from human fibrinogen or cross-linked fibrin[J].
Fibrinolysis, 1995, 9(3):157-164.

FUJITA M, HONG K, MISAWA S, et al. Transport of nattokinase
across the rat intestinal tract[J]. Biological & Pharmaceutical Bulletin,
1995, 18(9): 1194-1196.

ASTRUP T, MULLERTZ S. The fibrin plate method for estimating
fibrinolytic activity[J]. Archives of Biochemistry and Biophysics, 1952,
40(2): 346-351.

KB, MR, BRRE, &5 B SRR 3 [M]. Rt REF
SFHOR H iU, 2005.

RUKE. AW SRR SFIM]. dbat: 54K % A, 2004,
BRADFORD M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding[J]. Analytical Biochemistry, 1976, 72(1/2): 248-254.

XU, BT 43 B SR Al g G ], & RS S R, 2010
(8): 174-192.

HORZE, M, T AR AR S e Al S ST A I]
hE 2524, 2009(5): 298-301.

CHOI D, CHAW S, PARK N, et al. Purification and characterization of
a novel fibrinolytic enzyme from fruiting bodies of Korean Cordyceps
militaris[J]. Bioresource Technology, 2011, 102(3): 3279-3285.
JAOUADI B, ABDELMALE B, FODIL D, et al. Purification and char-
acterization of a thermostable keratinolytic serine alkaline proteinase
from Streptomyces sp. strain AB1 with high stability in organic solvents
[J]. Bioresource Technology, 2010, 101(21): 8361-8369.

e O, ARESRR, B, A5 BRRR B DTE R T2 5 B Al Ak ah G
FRIRFFEL]. ke A2 T AR %4, 2006(1): 63-67.

VLIS, WL, YLDUH]. —Fh EriB v T v (24 S 00s) B2 s
9¥[3]. P EERiE, 2002(1): 23-25.

AR, FEERE, BRART, 5. RS RE: A1 R Al S
PEFRITSL[I]. A 4l 4R, 2006(1): 68-71.

B, SEK. AN LRI 43 R Al S A P TS D]. PEAL 2y
&, 2002(4): 155-157.

SRS, B &, MRS, 5. LA AR OR B ) SR K T 2 K
Ly B2V BT AU 3], KR, 2005(1): 43-47.



