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Table 1 List of instruments and equipment
& AR 5 EFETF
f8) & % bR 5 B AL DMIL LED BFREMAA (LSBT H AR E
Bl A3 2 AT AL DNM-9602 Jb 3K 5 B AR A PR F]
RIS SW-CJ-1D LR At & A
ZRAC B 2a L3 A A WJ-80B-1I LG AR ARG
21 b R EAL Spectrum Two % B PerkinElmer
JLE Ak T IR AL ATS.D5-2M AL A (A TR ) B R AT PR 8]
1 A FEAL QE-200 e A - L A
B EEARAH LDZF-50L LR BT S
(e DRSS LRHS-150-1Il iRt BT B ARA TR 5

1.4 REHE
1.4.1 BNCE il %5, #2505 KBREf

7

PRIEIFFRE 25 ¢, H KIE R 2~3 i DLBR 25 %
T 2% 5T, A 100 mL Z2 /K IZ it 1 . 12 i1
BTN R ZEVROK B By, 121 “CK TR 30 min J&
U Ve H1 2 30~40 °C, FREL 0.3 g 4N B H R
ELH U SRR R T 1, T 40 CCZE A 2508
KA TR, T AT A T 1 5 b A B 2R
b DARIE SR SR T A W RN S B R S
ATE R E NG IR AR B E IR 37 C B 70% , &

M 18 h JU A W LF YR G 4 CIKAR S #4 24 h,
GEES N T

B BB 2 G A 20 CUKAR TG I 2R AT
TR, TR R BENLFT R O 5 045 21 R gl
R, PRBGE & 298 S Tk, OF 5 AR R Ak 4
M 110 (gfmL) FRHE LLIR AT TR 51 5 W% WA
4 CUKFFRE 12 h, ZJ57E 4 °C,10 000 r/min 551
TEC 10 min, FHEVONE R LI BN B a4y
R B IO

] 20 mlL F& 5744 G iR 2 IO T 2202 i A
5] % T TR i (7 G ¢ vk B2 3K 3 209 10 A (110 g/
)M A 4 CokFEHFE 12 h, ZJ57E 4 °C, 10 000
r/min £ F B0 10 min, FEPEU00E R FiE . W
RIS B I R i A A B R e L ke

JE 3K B 60% 18 F1EE (360 g/L), IRl R B 0>, F¢
¥R B U B R AR T TS AT
Wi R IEAE =20 CAME T ORAE# T BRI 15 21 2R
20 5 A HE B (Black bean nattokinase crude
extract, BNCE)
1.4.2 BNCE WZ5Hw14 83 20 4 s 4 B Al
PR FEIT BNCE 454, FRIGE & BNCE #
a5 LR R % R EE 1:100 R 4G, 7o/ P
JEE R, FHELLAMETE A 3 K 400~4 000 em™ 3
Bl A R SR B, 3 o el B i 2T ARl g vk I
BNCE 1 4#1E W Wi . #4542 VR T % 5 1) BNCE
ARG ENHR BT 5L & b R A AR R AR SRR SR
Je X B i 2 TE HE AT BT 4, 38 A 4 R R 0%
BNCE MR fIE AR 4544
1.4.3 BNCE B 36 il R FHEF 4 2 Aok
W 7E BNCE [l % . FREL 25 mg £F 4 2 1 b O
10 mL A= FEER K 720V i, 1% 359 50 Hum A F R
Wit b =, S EIFL O A4 R R R
(2.5 mg/mL), FRHL0.15 ¢ ZEAR K FH 10 mL A= BEER
KU, I FAAE B AR B 58 4 1 A 15 3 B IR T TR
(1.5%) ,3F T 60 C/KH LRI . [I3A 1000 U Y
R I A R A TR A 1 mL A= BEER K, FE 0 i OF
R A5 2] 25 U/mlL (14 %48 1 -V TR

Sos ERECAE I 10 mL £F 4 & (5 R



%24 4% 1

2 a2 MR 0 R R AR 33

10 mL BEARIEWOR AT E B AR IR, 5 [ 5 37 1L
HOIA 1 mL SE I B A, TP Rl IR AT
FEREFE R R P BB 1RO R B E A RE R SR
L P 95 9 50 4 5 [ 5 ) o AT 4 2 1B, SR
BF 72 AT /LT /AL B AR - )
/LRI 20 pL FEIA R, AR SE RS
W 21 4 38 (PO TR R R SRR T, IR
B 37 °C, 1R 70% , UV 18 h, U025 o % - #
e INFLJE PR Ao W ) ELAR AT, AR R B
HHES37 wENUTRTN

DL PR B SRy BH 4 X6 BE, FE S A 50 000 Ulg
F14) R T8 it 493 A FH A4 BEER 7K 43 591 B2 1 A% 1000, 800,
600,400,200,100,50 U/mL By #& . 4% 18 ik J7
2 AT aE NFLE L BEFL A 20 L R 3B I T, S
TN e Xof i ik LA ELAR EA TN A, 1T AR mT AR R 2 4
PR £ .
144 BNCE W 300% 30 ¥ i He 3 &
BNCE MR SME AR . B2 008 /N BRI T
2 mL B0 T LR R I T 2
ARG 43 WIFREE , I [ s J3C AR L 4 5 0 4 v
FREGE 5 BNCE £ 4, HIA: 38 K g i B =2
156.25,312.5,625,1250,2 500,5 000 pwg/mL, LA‘E
BEERIKAE A% BR K FE i g R A TR S B T mL
A M EEH P B0 T, T 37 CHEM T K
WL EVEF 4 h R 8 b R I B R B W 2 Ay
KA A R E IR AR 4 h F1 8 h 5 AU
B, ERRITEARNT .,

WHR = m;ﬂxloov/o (1)
A m—— VA T LSRR T (g) sme—— I
it Je ML R A (2)

1.4.5 BNCE X} RAW264.7 41 M 358 (1 5 %
H MTT [t {73 ¥ 55 BNCE X RAW264.7 4l g
FH BRI . RAW264.7 41 i ] 1640 £ 3% 3 F 37
C,5%CO, AT, FrdMiA K 2 FMD
80%~90%I1} , L AL AR, 2~3 185 Jr nl #4746 Ak
P B AR 1x10° AN /mL 50T 96 £L 40 55 55
Marp W R 434, 1) IEHCRAS T g il . D% [
X PR . R 953 ; @LPS 41 . i A2 ¥k i 2.5
pg/mL ) LPS; @BNCE &b FRAL . fin A K [ i i
FER) BNCE #EATAbBE (282 35056 4] 0 d5e 24 BE 1L 6

4~ BNCE £ Jii &2 ¥k % .15.625,30.25,62.5,125,
250,500 wg/mL);2)LPS #iH R A F a4 . Dz
X R . BN 35 3 s QLPS 4. in A28 i i vk
&8 2.5 wg/mL # LPS; BLPS+BNCE 4b 4 . Jin
A5 IEH KA BNCE &b B4 AH R ¥ B i BNCE 3
FTAb PR, PO 2 TR B R 2.5 pg/mL 1Y
LPS, 4% — Bt al)E , LA 10 pl /)
MTT(5 mg/mL) , 4k L3555 4 b, HUH 5T 57 25 0%
FW, AL A 100 wL /9 DMSO, J&% 10
min J& , 8 AR ACAE 570 nm 3% K A %k H 0
PEAT RGN, 15 40 MR X 3 R LI E 3 AN E
FLBCF A, 40 AR X 14 5 Fa 3 A =0 F
0D s _y1009%  (2)

211 A Xo) 4 B % =
R

1.4.6  HF[E)X RAW264.7 40 a8 58 (52 >R
MTT e kR 5T Bf (B X RAW264.7 4 3 55 11 5%
M), 4% R LRI 2, i ACRE X I ) 245 4 Ak 2R
J& L, oS 12,24,36 h, FEI EEALHOAIA 10 pL
) MTT(5 mg/mL) kL2315 5% 4 h, BB B gt &
R gRue, 1mAafLdin A 100 wL. DMSO, &% 10
min Jii , AR ACEE 570 nm I K AR A I 0% 5t
FE | IF 5320 B AR X 1 Al R AL IRCE 3 R LI
SEXE AR B 35 B R] 43 550 o) 240 Jf 1 5 1 52
M), 200 J R ) 38 B R e = (2) L
1.4.7 BNCE %I RAW264.7 41 Jifl 75 W5 3 () 5 i
K 2T e 8 898 BNCE X RAW264.7 4
FLAF IR 2 52, K A A 1x10° N/mL 4250 T
96 FLAN ML XS A= h, T BE 5 e B R K0 4 4
TIAKEXT R B 25 ) b B0, 15 3% 24 b BUHE S 3R AR A
FREFRW, AL 100 WL 0.1% e 21 1 W 4k &2
i 97,30 min J5 5 2555 R, FH PBS Y% 2~3 IR,
PR AL 100 pL MK (LB 0K R AR
WA 1:1),4 CHrE b, 8 HIBEFR{XAE 540 nm
WA ARG W B, A M AR R A A

a2 = —ODuwsa 1009, (3)

25 A B L
1.4.8 BNCE X} RAW264.7 40 /it 53 W 1L—-6 . TNF-
a FIIL-1B8 M52 R H ELISA :4#£5% BNCE X}
RAW264.7 41436 (1 40 i A ZE -6 (IL-6) b R
FEH F—a (TNF—o) Fl A Z 1B (IL-1B) A 52
e BE R vk UEA TR SR AL B ICAE T T B
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1.4.9  Hdisar 5645 5 R Excel Al Graph
Pad Priam 8 73#7, 45 B3 DL Hebr i 227 K
N o

2 HERERW
2.1 BNCE Hy&4#4

BNCE 1) £1 4 't i W e 08 4n &l 1 fr o
3 342.94 em™ IS N-H 845 3R 3% |2 928.99
em™ Kb YU C-H B 45k sh 0% . 1 655.21,
1 553.89,1243.78 cm™ i B A% I i s 43 S31) 2 26 14
i W v o | R L || I e e R L |
5rE5 9 BNCE B B 35 BT Ak 2z 45 st
1 402 cm™ 4b IS C-H RSB IR 314 1 079.39
em™ J& C-O 45 PR sh e el . 78 900 cm™ DT,
A 619.19 em™ — 48 SURFE IS,

H 5 T BNCE R ULE 5 an & 2 frow
400 £% T ,BNCE £ AR 70 A, 3% 1 B 3 10N i
F33 500 %5 ,BNCE 28 W 52 K /NAS [6] 5L J6 0 )
MRE R AR e 2R G
2.2 BNCE ByE&

i B 1.4.3 By 5 B 2% T A5 1Y £ 4E 8 H P
B, #0433 B 2L 16 sSORE S /N LR Bl A
PR35 WA s fire Bl JFL it DR 1 S P W o 4 3 W I
i 21 4 2 1, DT BOFL G0 kU9 DL DR 35 it
% (UmL) Ay i AR bR | IR OB TR 21 4E 26 1P A A
75 ik B TR (mm®) R AR A, 22 il b o ol 2k, 75 3
[ 05 5 2 1 y=0.189x+349.55, A~ [m] bR 38 i v 5 Joe
XoF 07 B 35 i P T AL AN % 2 BT | DR TR I T A A
HEMZan &l 3 B o %07 B 3R W] PRI il 5 5 £F
Y35 VB b A P TR S R G &R R T
DA Ry My o B b 1 15 15 M 48 A5 . BNCE 7R 4T 2
AT R E e an s 4 B, % BNCE 7E4F
£ S R O R Ry N TR AN e a e R |
BNCE P54 6 148 Ulg,
2.3 BNCE HyB#1ER

AN TR B vk B BNCE B i it /N B A1 il 8
P iy s i i [R] S ke e WL 5. i 1B 5 W] UL Bl
Jo B U B R B I  BNCE AoV K VR B v 1 o | 46
PR — 22 0 e B AR Bt 5 s ) 4 ZE K, BNCE

1%

1243.78
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Fig.1 Infrared spectra of BNCE
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Table 2 Fribin plate area corresponding to urokinase

of different concentrations

JR i By R /U -ml! 75 fi% B8 @ A% /mm?
50 346.36
100 363.05
200 380.13
400 415.48
600 452.39
800 490.87
1 000 530.93

5 A B i AR

Dissolution circle area/mm?®

»=0.189x+340.55
R*=0.9988

0 200 400 600 800 1000 1200
DRV il e
Urokinase concentration/U -mL™

B 3 FRi#EEEEE AR 2

Fig.3 Standard curve of urokinase activity
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Fig.4 The dissolving ring of BNCE on a fribin plate

HIT AR AE A G 5, SR B — 5 1) B[] A At
PE. B, BNCE AT — @ RSN S AEH
2.4 BNCE %t RAW264.7 4 Bf1 3 58 i 22 1

T 20 B R AR T 1 B R 1 S 7B ol M s
MTT i 5 AN T K 0 45 a6 i W B, IR UTRL
FEAR R T AE A0 T UL D BE . DMSO BE A ff: 41 i
rh i F BB A A4S O BE (OD) A, 7T ]
B2 T 20 B AR FE — o S R MTT 45 4 g
5 A0 BORAE He, OD EBR K, 5 B I 40 i A4
g, 23 MR FEIEFRET M
& BNCE J5i & % B2 19 7+ & , RAW264.7 41 g 19 AH
XFHAFE R A E IS A LPS Hil 5 , RAW264.
7 240 L %) RE OGS 38 B AR AT B A T B HOREE . MTT i
WAL, FEIERIREMLPS MIERET,
BNCE Jfi 8 ¥ JZ 7 15.625~500 pg/mL & [ P , 4%
W SR RAW264.7 4014 A e B 5 /E ], o e
B
2.5 FHEIX RAW264.7 40 R 58 & &

JLF BNCE X 4H il 25 42 8% i HJC 75 1% 1 52
Wi, FE MRS T 78 IE 5 RS LPS SR AT, i
] X RAW264.7 4 i34 58 i 52 i, 25 S 6 fir
N, ISR IEH RS (a) 78 /& LPS BTRIRAE (b) T,
24 h Bf RAW264.7 4 () 38 58 R 35 Ry fe Kk BRI,
PEHL 24 h by E AR B AT
2.6 BNCE Xt RAW264.7 48 Bf1 & It = i 84

RAW264.7 21 i & — i H A7 5 22T RE 1Y A ik
YR, 763 R S R SRR Oy T R R E AR TR
AR AR Bk A B Sk AR R EE AR AR, B RE
1 A0 ML R A3 DT T D A W R
15 RAW264.7 4 i PR i — D F L4855, & 6

I = 4h - U
B il 2 01
i e
- 17 U U U
/%%%Iz/%
i mEER LT

0
Control 156.25 312.5 625 1250 2500 5000
BNCE Jii 4 i £
Mass concentration of BNCE/pg-mL™"

B 5 AERER BNCE 3t/ FR 4 5h M5 R 00 A i &
Fig.5 Thrombolysis rate of BNCE with different

concentration on blood clot in wvitro in mice

% 3 BNCE 3 RAW264.7 48 i 3 58 19 % 11
Table 3 Effects of BNCE on the proliferation
in RAW264.7 cells

BNCE & &
WA REge ODen i
3% 5 &9
mlL™!

b - 0.712 £ 0.044 100.00 + 6.23
LPS - 0.918 +0.013 129.02 + 1.87
BNCE 15.625 0.825 £0.012 115.99 + 1.73
31.25 0.832 +0.014 116.94 + 2.01
62.5 0.838 +0.008 117.71 £ 1.13
125 0.854 +0.014 119.99 + 2.07
250 0.876 = 0.019 123.16 £ 2.79
500 0.905 + 0.026 127.13 £ 3.75
LPS+ 15.625 0.835 +0.019 117.29 £ 2.79
BNCE 31.25 0.843 +0.019 118.45 +£2.79
62.5 0.865 +0.011 121.61 £ 1.58
125 0.885 = 0.005 124.39 + 0.73
250 0.911 +0.005 128.04 + 0.77
500 0.963 £0.018 135.35 £ 2.61

AIAS  LPS (2.5 we/mL) Hll 385 14 20 H 7 W 2% 2 %)
HRZH Y 1.5 18, S5X B41AH e, BNCE 76 T i ik i
M 15.625~500 pg/mL i, RAW264.7 41 il (1) 75 W
RN BB WA DL 25 R UL BNCE
AEfE I 3R RAW264.7 41 i A e e XEHLIAR Y 4
REWTT HA AR,
2.7 BNCE Xt RAW264.7 40 ff1 53 iih # % L6,
TNF-o # IL-1p B9 &0

GAE Y ML R TR 48 S 5 RRE R 45 T 4 i
P AR 22 A A0 A DR 7 e | A S 08 IO 28 R 2R A 1A
A5 R 3 AR PR & 1L-6 TNF—o TL—1RM%5
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140

130

120

24 L K Y] 384 B %
Proliferation rate/%

110

on 1 1 1 1 1 1

0 S35 3155 625 125 250 500
2.5 wmol/L 4y LPS Fl BNCE Jit & ¢ J#
LPS (2.5 pmol/L.) and mass concentration
of BNCE/pg-mL™

(b)LPS BTG R A

6 B EXT RAW264.7 40 B 38 58 B 72 1
Fig.6 Effects of time on the proliferation in RAW264.7 cells

% 4 BNCE 3t RAW264.7 4 il & I % 1) %2 i
Table 4 Effects of BNCE on the phagocytosis rate
of RAW264.7 cells

BNCE /&

28 3| TR E/ ODsspm om B vE 5%
pg-mL!

Control - 0.491 £0.013  100.00 = 2.69

LPS - 0.748 £ 0.021 15247 £4.35

BNCE 15.625 0.542 +0.017  109.77 £ 3.05

31.25 0.580 +0.021  118.62 +4.10

62.5 0.613+0.025 123.88 +4.33

125 0.621 £0.045  125.53 + 8.68

250 0.633 £0.021  127.60 £2.35

500 0.654 +0.017 13449 +1.29

LPS+BNCE 15.625 0.561 £0.015 11437 +2.97

31.25 0.594 +0.014  120.99 +2.78

62.5 0.619£0.018  126.13 £3.77

125 0.629 +0.020  128.07 £4.02

250 0.641 £0.028  130.67 £5.61

500 0.665 +0.049  135.51 +10.06

IL-6 JE—F HA Z I ER 4[]+, E2

L MEAIAG T Wk 400 B ki =4, e 25
BIUA 1) 2 1 1 S SRRE SO, X LA f 7 0 Ak
BRI, I 7 R 0L S X RRALAH L Bl BNCE
Jo R R B (3800, TL—6 1Y) 43 b B BRI, R
BNCE Xt RAW264.7 4il ffd 43 i 11.-6 H. 75 3 il /f
Fi. 5 LPS ZHAH L, BE#F BNCE Jii & vk BE (38 ,
1L-6 1) 53 WAt SE B A 1 I, A o0 i vk B Oy 125
pe/mL B TL-6 1153 1 2 1k B d5e /M, HLT ik 3
H 62.5~500 pg/mL i, 11L-6 433 &t 1 K- 35 B A

7T LPS 41, /K BNCE REfSFFAIC 1L-6 /b & i
K-, FFREH] LPS 5 S RAW264.7 4 ifg (1) 48 4
YA

TNF-o J&—FPEAZ K -, 3228 i 6 BRI B I
20 6L 0 AT A 4 00, I L BB AR 2 3 4 41 A 43 0
B ik 1L-6 IL-10 | F J5 fig F1 2% B 43 7 45, B fig
S WAL B A AE RN, TE e Dy fig bl % & G
EAERY, R 8wl UL, S5t R L, B E
BNCE Ji f2 ¥ & i3 i, TNF—a 19 43 30 12 5 34
Jei BEAR , 76 5 Wk B M 250 we/mL B TNF—a (943
WA B e KAE, H TR E N 62.5~250 pg/mL
B, TNF—ou (1953 WA A Wk BE A M, R W] BNCE X
RAW264.7 4 g 5 i TNF-o HARHEEH, 5
LPS 1A I , B & BNCE Jit & ¥ B 19 34 i, TNF-«
14 53 W o B AL O S22 B o vk BE AR M, 3R 7R BNCE
AEME AT S FFAIC TNF—a 2310 2 I 7K SF | 5 200 1
LPS i% 5 RAW264.7 41 i 4 i S

IL-1B BEZ 5 Z Fh 40 M 1% 3, 40 40 i 3% 58 | 53
RN T B 0T 3G 4k T 408 B 400, {2 F £ Fl e
PE S TR DG BE IR R 3k | 2 ARE LI 1 H Ay i
B & 9 v UL, SRR AR L, Bl % BNCE Jit it vk
(R0 TL=1 114 43 06 2 356 o O 522 80+ vk 3 44K
P, B BNCE % RAW264.7 4 50 1L-18 H
HAEHER 5 LPS it tb B % BNCE Jit &2 ik J&
Y 3G A0 TL=13 1Y 43 0 £ e AT O S22 300 4 vk B A
PE, FIR BNCE R A LR AL 1L-18 43 b it i 7K
VL IR LPS 55 RAW264.7 4 i (1) R AiE
J R, 5 HXF TNF—o B30 67 &5 SR 261,

RAW264.7 4 jfl 1% b 5 25 77 A= 2 F 48 Jfd 15
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E 7 BNCE 3t RAW264.7 4 a4 i IL-6 B0
Fig.7 Effects of BNCE on the production of 1L-6 in RAW264.7 cells
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The Immunomodulatory Effects of Black Bean Nattokinase Crude Extract
Tian Yuewei', Zhang Yongpo", Gao Chunyan', Zhao Jinzhong', Du Weijun®
(‘Department of Basic Sciences, Shanxi Agricultural University, Jinzhong 030801, Shanxi
*College of Agronomy, Shanxi Agricultural University, Jinzhong 030801, Shanxi)
Abstract In this paper, Black bean nattokinase crude extract (BNCE) was isolated by fermenting natto from Huguan

black beans. lts structural was preliminary investigated, as well as the determination of enzyme activity, thrombolytic
function and immunomodulatory effect were carried out. The structure of BNCE is identified by infrared spectroscopy and
scanning electron microscopy. Enzymatic activity and thrombolytic function of BNCE were determined by fibrin plate
method and animal blood clot method, respectively. The effect of BNCE on the proliferation of RAW264.7 cells was in-
vestigated by MTT colorimetric method. Neutral red staining was employed to investigate the effect of BNCE on the
phagocytosis rate of RAW264.7 cells. In the effect of BNCE, the secretion of 1L-6, TNF-a and IL-138 by RAW264.7
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cells was investigated by ELISA. The results showed that BNCE was a protein with different sizes and irregular shapes of
fragments, exhibiting certain fibrinolytic activity and thrombolytic function. BNCE can promote the proliferation and en-
hanced the phagocytosis rate of RAW264.7 cells in normal state as well as in the LPS-activated state in a concentration—
dependent manner. In addition, BNCE can also promote the secretion of TNF-a and IL-1f and inhibite the secretion of
IL-6 in normal state RAW264.7 cells. Meanwhile, BNCE can also inhibite the secretion of IL-6, TNF-a and IL-1f in
LPS-activated state RAW264.7 cells. Therefore, BNCE has certain immunomodulatory effects, and can be used as a good
raw material for food industry.

Keywords black bean; nattokinase; thrombolytic effect; RAW264.7 cells; immunomodulation



