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Abstract: The immunomodulatory effects of Bacillus natto glycopeptides (BNGP) on normal and lipopolysaccharide (LPS)-stimulated
RAW264.7 macrophages were investigated in the present study: After treatment with different concentrations of BNGP or combinations of LPS
and BNGP in different concentrations, the proliferation” of ‘macrophages was detected by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay, the phagocytic activity was detected by neutral red phagocytosis experiments, and the content of nitric oxide
(NO) in the cell culture supernatants. was detected by the Griess reaction. The production of cytokines (IL-1p, TNF-o) and pro-inflammatory
mediator (PGE2) in culture supernatants were measured using an enzyme-linked immunosorbent assay (ELISA), and the expression levels of
iNOS and COX-2 were detected.using western:blotting. The results showed that at concentrations of 62.5-500 pg/mL, BNGP enhanced the
metabolic activity_of macrophage RAW264.7 in the normal steady state, increased the secretions of NO, IL-1B, TNF-o, and PGE2, and
improved the expression levels of INOS and COX-2; at high concentrations (>125 ug/mL), it enhanced the phagocytic capacity of macrophages.
For the LPS-stimulated macrophages, BNGP inhibited the secretions of IL-1f, TNF-a, and PGE2 at concentrations of 62.5-500 pg/mL,
inhibited the production of NO and:the expression of iNOS at concentrations of 500 pg/mL, and downregulated the expression of COX-2 at high
concentrations'(>125 pg/mL).

Keywords: Bacillus natto glycopeptides, macrophages, pro-inflammatory mediator, cytokines, immunomodulation

G RGe MLRRMEE R LR R, B
WRANME N )% RGNS BRI, TIPS 5%0%KR
ks HEA: 2014-01-17
EHelH: ExREARMFES (31160337)

&R Bin3L(1989-), %, fitHE, #MixAE: MaEMamfREH
%

BIMEE: BAE0964), B, ¥, HRAE: ERMEYSEEMH
=

NIRRT . BRI A R PR, BA 2
Fhoige, Gfh: BMERTHERE T4 S ARTRErE R
By, MTIHERF NIAEEREE; 7 S A AR
ARR TR T2 58RI RAE RN 17 T i
SEHUREMITTRIBIE T it

ZHE B E AR EMS SN S RE R Ay
DURAT, el e M AU e . KRR
ZHERNRRIT TR, 2R ERAR GV IR

61



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

TF AR S A2 TR, P E I VA A R PR AR
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Sl R R D e S BT ERL, B NS
TN IR DR E AT T 27, K
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FEAAIHERS . G E B (Bacillus natto
glycopeptide ,BNGP), RIMANT H13AR 1 — 8 H4h
G N, 1RSI R I PRI L T £ s )
& F/NRAA R G e, T SRR
BNGP 7E4H /K~ 5 e A 15 e s L
VEFINLA], ASSZI6AdFH RAW264.7 EWEZR/E N 7T
B, %5 BNGP % IEHIRAS & LPS i FElF IR B
Wk AR S B TR

1 MR5RE

L1 A5

/NG RAWR64.7 ERZTIA A : Hh R e 4 e
NS ZEAATE (Bacillus natto): WL PHE KR4 5T
A FE ot B S = R
g% #% (LPS, ‘Escherichia coli 055:B5). WML
(MTT)= K Sigma AFl; DMEM ¥:Fk: A%
MYAL): E[H Gibco A 8% 3 HE G R G (10050
LD, T HIBE T (DMSO): bl B E AT
Trypsin (0.25%, with EDTAand Phenol Red): Jt5i4:
KEAT; JRFMmE: CLES BI AF]; /MR IL-1B.
TNF-a. PGE2 ELISA #ifll&: sU/RAEAT]: —%
1B R MR 7 B Western Az 1P 4 Jifg 2% iR 7k
SDS-PAGE HE il #if & 1L o RAEMEARSA
FRAT; BCA EAMERGE: M EmEHARA
Al; DAB R EGHE: RIRAENFRHE AR AR
F i INOS. COX2 —¥i: Cell Signaling Technology
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AN PEPTR 190G 4. pactin: JEE AN
i
12 FENBEE

Multiskan MK3 Bbr{X. 3121 & CO, B57%44:
Thermo Labsystems; {HiRIEFRAH: | IFERHEERST 28k
HIRAT; TGL-20000-CR EidAEE L il
RIS T XD-202 1RIE B R LR AGHT
WA TRAT: HEPKAX . B Bk iy R
Bio-Rad; GelDoc-It 310 &Eixpifg R%:: 3=E UVP 2
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13 RIFE

1.3.1 BNGP #4#]%&7 %

WOIELE, R 12 h, ZRE (121°C/15 min), #
HEHM N GZEHIRT T, 34 CRBE 24N, 4°CJa#h 12
h, W Gt kit 40 B, HimBEEAAR 8-12
hyd CKFER, MR B0 HL T, 95% L EERE)T,
ELOBUTE, YURER T8 mRTH/K i Sevege 155
WEBER 1y 4 CCENT 48 h, AR TSR S L

(BNGP).
1.3:2 . FFaX A Bes) 7 ik

BNGP #Ai: #EMIFRE—E &1 BNGP 47, ¥
T DMEM 58485975 (% 10%52F 3%, HHE R 100
U/mL, #5553 100 pg/mL), FLAK 2 mg/mL [ EEE, 0.22
um LIS e, 4 CIRAF. IR TRk
JEH e R IR AT R

LPS ¥AW: 1A% 10 mg IR HE (LPS) ¥yks
HIIE 21 PBS, 7870 5 A E 10 mL, 0.22 pm
AL IERR T EIS 1 mo/mL LPS BH, T3,
-20 CRAT. R 58 AR5 IR MR NPT TAEHR
FE.

1.3.3  faft3E BRI 40
RAW?264.7 411t /] DMEM 5¢ 48437 3£(100 U/mL

UERE. 100 pg/mL FIEEEE R, 10%MR 4 ME)
T 37 C. 5% CO, WiffEs77, i kK S 80~90%ifih
A S FH PR A 5 A T AR AR T SR B0 b . (1)
EXTHR: Hnseahiaidt; (2) LPS 4: ALK
JE 1 pug/mL ¥ LPS; (3) BNGP A4LFRZH: HIAAE
WS () BNGP BT F-TR(MTT 2364 6 4> BNGP #k
f¥: 31.25. 62.5. 125. 250, 500. 1000 pg/mL, EHL
BRI T I 8RR (4) LPS+BNGP AbHEA:
AL BNGP AbEEAAH R L) BNGP AT 17 2 h
Jei, IMNZIREEA 1 pg/mL (¥ LPS.
1.3.4 BNGP xt E "4 4n el 38 78 64 %56
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204 1>40° cells/mL 25 EEFIR, 1537 2 h WiEE S
BEAT /M 4HANTE . NRESE 24 h JEERHLINA 5 mg/mL
IMEMEEE (MTT) 20 uL, 4REEE55% 4he NI FE L
7, BLIMA 150 uL DMSO, Z¥% 10 min, 1 FEhx
AT 570 nm P AL I RO EEAR -
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VR 3K, BEFLIN 200 pL BERRZLHN (LA 1R
SRR S), 4 CHENRK, MABRCT 540 nm
P A B RO A

H PR LA IR (%) =

100

REEABICIEE
7 0 HEZH RO BEAE
1.3.6 BNGP x} E = 2afitt sk NO 49 %57%

Y% 100° cells/mL %5 3 b, 5557 2 h WGBE )5
BT AT . R 24 h 5, RRFLE 50 uL b
THIE 96 FLERARAR Y, 42 I3 2 R — A A BT
VLA, LRI Griess A Fil Griess B 7%
50 uL, FEEFEGIRA, fEHEEARCT 540 nm AL
KRG . AR4E NaNO, ArdE 25y NO,
WRE, AR NO ZE R .
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#Fo PGE2 #9%7m)

AHMIEE IR 71280 1.2.6 AH [l 4557 24 h 51
£ FIEWL 1000 r/min 25020 min, B R e
G i (ELISA) #aill IL-1Bs. TNF-a F PGE2 &
o BT S PR AT
1.3.8 BNGP.x} E= 2@ INOS. COX-2 &¢é
Rkt R

Il 10° cells/mL #5716 FLAkh, #5357 2h
B FEEAT RELANER . 24 hyS SR At R B 2R 1
BCA iEME % A R FEIF A B — 5. HL—E EFF
5 ex FREZRMIR AT, 100 ‘CASME S min, J5 ] 8%4)
BURR. 594l SDS-PAGE Hivk, HIIKZE WG
W EAEFE] PVDF I I, H 5%l is 0k = iRt 2
h, I iINOS. COX-2 —¥iak p-actin Hifk (1:1000 #
), 4ACHEI®, TBST ¥ 3k, AKX 5min. JIA
HRP Fric i EPi R —hr i E 2h, TBST ¥t 3 X,
R 5 mine DAB IR, AL, (B R
B 2G5 T &1 1 PVDF B K FE . F &
1 25T PRI P2 AR LAKT IR R A 28 B-actin 25 1 2% 2K FEE
EAFR] AN, KR H E AR E A 1,

100

TS SLIRZH S50 R ZH A
139 %itF ot

SCIHE LA xts £oR, KA DPS7.5 # kT
R 7 Z 081, - Duncan’s #i A= 1E T 51H £
A

2 GRS

2.1 BNGP 3{ E " 41 Jif 34 78 th % v

% 1 BNGP X} EMEBREIEFEAIRNG ( Xts, .n=4)
Table 1 Effects of BNGP on the proliferation in macrophages

BNGP #%&/& FastHg7h
28 3 ODs70mm
/(ng/mL) £ [0
Egaboy: | 0.4740.03 10046.73%°
LPS 2 - 0.6540.01 .~ 137.94+1 28
31.25 0.4740.05  100.59410.96°°
62.5 05540.06  116.70413.76°P
cCD
CNGP 125 0.5540.05  117.56412.76
250 0.6040.02  129.51+45.14%EC
500 0.7240.06  153.47+11.86*"
1000 0.460.03 97.7145.85%°

MTT  Bey2 e i Ao I A B2 A It Ui P
DI PEE A B 2 S AU 7, AR RS 5 534k DA
F S A AU e el s ie s A R T 2 IS
[8]

145K, FEE BNGP IREMTHE, i
FHX TG 2RI 5 TV N RS . 5 BNGP ik
J57/9 31.25 pg/mL IS A R A S B R oM AN R 2
WIE 62.5 pg/mL IR AT ST ARG N2 (p<
0.05), WA 125 pg/mL~500 pg/mL 2o FAF %o 4
FERIEIN R (p<0.01), FEAEMREEA 500 ug/mL i
IR B 4R A 1000 pg/mlL 200 ffd o AH X 4
PAR B K, WG MTT SZ64t 5, BRE 4 MRS
WE(62.5. 125, 250, 500 pg/mL)HET/E4HR%, 7
WG N A BT ARG (R SG TR, o4 s

2.2 BNGP 3t E " 40 f. & "% 66 1 1y &

BRI e — M E A TR, R R IR
50 S S PR B E O, BRI I A A P R
TERITH RS . Frlkiae )1 et & B g s e —4
R P ASCR AR L TR E B
HUIEIRRE ). B 1la 45 55KE, BNGP #KkFE N 250
ug/mL X E WA Feg e PELL e ) B B R E
(p<0.05), ¥JFA 500 pg/mL ¥ 58/E F A% & 2%
(p<0.01), #RFL T LPS, KHHFEIRE (5125
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ug/mL) BNGP Gefl EMEARMidE— 0L aish, ek
T A A b g RER, AFRWE
BNGP+LPS AN Frla ) m T AT A, 5
LPS 4iAHLL, S5 BNGP N 250 pg/mL i} 2 34
N7 AERHERER (p<0.05), FHLHS LPS HIE1E
H, {H BNGP+LPS HfEHIAZtiE BNGP S )it
— I N 3 A PR O B Y A
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BNGP/ (ug/mL)
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[Z] 1 BNGP #1 LPS+BNGP % B Mk 4RAR kAL FIRIRZIN ( xt8, n=4)
Fig.1 Effects of BNGP and LPS + BNGP on the phagocytic
capacity of macrophages

2 a2 xR 4a (control) FbAR, * P < 0.05,\** P < 0.01;
b.5 LPS 2atbiz, #P<0.05, ##P<0.01.

2.3 BNGP #hE ® 28 fi 29k NO Hy % v

NO & R EHRE LA, W4 ) AN
MRS Sl A EEAE Y, AN 2 50 SR 5 R
3 SR, KSR L A 1 Griess 120005 i
Fr EIHI NO, S &, (BB N ELWEARI Y NO ZE ik

1=}

Ho

2a Z5HEIR, 7 N R B AR A S
& NO, #iffi% LPS WiG/5 NO Jrilb &l & 1 m
(p<0.01), AN[FIHA E BNGP $41mTA S (e it 4t g
% NO (p<0.01). &l 2b 455 57%, BNGP WKEN
500 pg/mL A &2 H] LPS 75 51 NO 434 (p< 0.05),
BNGP B L% NO il iIsE 5 LPS 21 LA
giitezEt. kAl L, BNGP AlfEsEIE# BN
3 Wh NO TR 2 T 455 J5L 4 7= AE 2% 0 A 4 i 234
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H, ABIXMMEFEEFES T LPS, ANaxnliteid B 0E
RN, BAERREERT LPS 5121 NO REicH ik
o

a 301

251 #*
20 *k *%

ok

NO / (umol/L)
o

10t *

O control LIPS 625 125 250 500
BNGP/ (ug/mL)

o

NO / (umol/L)

0
control LPS 625 125 250 500
LPS+BNGP / (ug/mL)

2] 2 BNGP 71 LPS+BNGP Xt BB S5k NO BOSANE ( xts, n=4)
Fig.2 Effects of BNGP and LPS + BNGP on the production of
NO in macrophages

E: ah = xR LA (control)pbix, * P <0.05, **P <0.01;
b.5 LPS 4atbiz, #P<0.05, ##P<0.01.

24 BNGP xf E " 21 i -3¢ IL-1B. TNF-a.

PGE2 t %71

IL-1 AR —RE 4R T, A IL-1a F1
IL-18 BFASEI I, (2 T g5 G AH R 4
MR 2, RIEMFEI AR . IL-1 A4
FAERT 2, BN SE g R, HIE 3 (@) 7]
W, HEEAIEAAEL, IL-1p ik ERE BNGP i
FE RGN N, 263K B 500ug/mL i 1L-1p /3 &k
FlicRME, I BNGP Xt EWE4H /- IL-18 HA K
BEMRIEH (p<0.0D). Kl 3b 455 %7K, BNGP
W) LPS vk EMRdif IL-18 /=4 (p<
0.01), Ff HIXHp/EFH S IR I .

TNF-a 72 H TR 2 MM R i e s
PEERIV, 75 JORE -5 R 1A Rk AE R e vp B SR
A AL A AT B R4 = AR R IA IL-6. IL-1B.
PGE2. JRIGEHGHIRG I 73155, B9 KRG RIER
m[ll]c
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[E] 3 BNGP 71 LPS+BNGP Xt EIE£HAf S5 IL-1 B BISINE ( xts,
n=4)
Fig.3 Effects of BNGP and LPS + BNGP on the production of
IL-1p in macrophages

E: a5 = Gt (control)lbak, * P <0.05, **P <0.01;
b.55 LPS Za1k4%, #P<0.05, #tP<0.01.

da L5 EoR, B BNGP W 130, A nza
il TNF-a 150 2 EFHES, 52 AR,
BNGP (¥ N 62.5 pg/mL st wTNF-o (17 E )
B3 (p<0.05), #FEHN 125 ug/mL~500 pg/mL K,
TNF-o, [{ 73ISR 2 (p<0.01). Kh4b 4518
N, ANFEIHEE BNGP S5REMN 2 2 il LPS 5 311
TNF-o 73 (p<0.01).

PGE2 Z 5k Z Al ARE DI Re 4, A
PN R MR R B R AT, FERIER
I 2 E PRSE AL I 51 2R T (AL AE A DU AR IR
PAE RS, RERE B B I S5 Rk 1 8 2

[t2]

M 5a ZERATLEH, 572 AxTRAMIt, A~
[ E BNGP X E W4/ PGE2 1) 53 i 5145 W i 412
HER (p<0.01). K 5b £5 8K, AFEHE BNGP
Xf LPS #FH PGE2 4t AW EMHAIEA (p
<0.01), SHXF IL-1B. TNF-a (K01 F 45 534181
AR A B - 2 G . H R AN 58
AR AEBR K IR PR R AR ThE, (HE
Wik 2 FRLTE 52 30 G 9 35 28 1000 B RIBORT e S B EE PEAR
Voo TG CUBRIL R ER 4 B K S S P

e s et 2R R IR
F& 2 R U AT XA S TR, S iy
{ P R S S SR S . ket g
7R, BNGP X EFRZEMI) IL-1B. TNF-o F1 PGE2 ]
SR R AR e S R o

a

300 o
% 200
)
=
B
£ 100
[_1
0
control LPS 62.5 125 250 500
BNGP / (ug/mL)
b 300
)
200 -
=
5
3
Z 100
=
0
control LPS 62.5 125 250 500
LPS+BNGP / (ug/mL)
[£] 4 BNGP 0 LPS+BNGP ¥ EBE£ABR 433 TNF- o BUSZAR ( x+s,
n=4)

Fig.4 Effects of BNGP and LPS + BNGP on the production of
TNF-a in macrophages
VE: a5 = @ aTBE4 (control)bbER, * P <0.05, **P <0.01;
b.5 LPS 4atb4z, #P<0.05, ##P<0.01.

2.5 BNGP xt E " 21 jitl, INOS f1 COX-2 & & %

R

IEFRA N E MR LA RIA T 20—
AAEME (NOS) HiF SR ELEY (COX-2), &
LPS HlEUS 1) E R n] KERIL, —F 5052 NO
HIPGE2 A1) ki, Z5RMERE KER
FHLIR, R e 2 E B M
6a I 2 ATLLEH, H2AxiRAME, KKE

(<125 pg/mL) BNGP &t E Wt iINOS 1
% (p<0.05), T (125 ug/mL) BNGP NI &2
ek EELI AT INOS IEIE (p<0.01); 24 BNGP ikE
N 625 pg/mL B, ERE4HR COX-2 ik &R &1
0 (p<0.05), #J%¥ K 125 pg/mL~500 pg/mL i, COX-2
({225 BAR T 8 (p<0.01). iXZZH] BNGP X FI:
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A NO A1 PGE2 I i/ Fd I b1 0T L) ot
FifF2RIA S . FH P 6b AR 3 MU mT LA HE, (IR FE (<125
ug/mL) BNGP 5 LPS X iNOS fZE R b F1E
H, xR EERTER 2b g5 R R R, T8 R
IR ST JE ;. BNGP & 500 pg/mL A% 5
FiMA INOS [ 14 (p<0.01). BNGP 7RG (<125
pg/mL) Xf COX-2 AT HMHENER, mikfE (>125
pg/mL) NI R ZEHHIER (p<0.0D). X5KE]
5b A RATEAAHE, FRATHEN, BNGP i&F 1 gl
4] COX-2 (B E M 5] 42 PGE2 43 ilh & T 4.

a
400 *x

o
(=]
(=]

200 *k *%
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100 |

0
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BNGP/ (ug/mL)

o
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[Z] 5 BNGP F1 LPS+BNGP Xt SR 4Rt 43 ik PGE2 ROSAME ( x+s, n=4)
Fig.5 Effects of BNGP and LLPS + BNGP on the production of
PGE2 in macrophages

E: k@ x4 (control) ARy * P <0.05, **P<0.01;
b.5 LPS 2AkkAx," #P <0.05, ##P<0.01,
%% 2 BNGP XEMRZHBE iNOS'FI, COX-2 R FRIARIFN
( xtsin=3)
Table 2 Effects of BNGP on iNOS and COX-2 protein expression
in macrophages

. BNGP /R A AAR R AL
/(ug/mL) iNOS COX-2
4= Pl 140,05 110,340
LPS 41 - 9.9540.05**  59.9949.07°
62.5 2.9640.50"¢  14.1647.04°P
BNGP 125 25240.27%¢  17.0347.55°
250 4.6020.01®°  20.81+.35®C
500 82347 33.1845.94™
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a
iNOS E" — e

COX-2 I
s s

B-actin

Control LPS 500 250 125 62.5
BNGP / (ug/mL)

=130 ku

LRy e

N e — o — -

Control LPS 500 250 125 62.5
LPS+BNGP / (ug/mL)

=43 ku

[&] 6 BNGP 7N LPS+BNGP Xt EM&&MAR iNOS F COX-2 FEH FIAHIF
i
Fig.6 Effects of BNGP and LPS + BNGP on iNOS and COX-2
protein expression in macrophages
# 3 BNGP+LPS Xt ERE4HAR iNOS F1 COX-2 ZE R FRIXHIFNT
( xts, n=3)
Table 3 Effects of BNGP + LPS on iNOS and COX-2 protein

expression in macrophages

. BNGP ;& ARRF A AL
/(ug/mL) iNOS COX-2
=G xR 4E - 140.32°° 146,10
LPS 28 - 11.1640.82®  33.0043.95*
62.5 18.734.84* 35174690
BNGP+LPS 125 15.92:4.36" 28,590,838
(1 pg/mL) 250 11.0442.02®  22.3244.42"F
500 4874.95°C  21.09+2.96%
3 &g

ARIGAE ] RAW264.7 ELELAAE AT FUREAY,
AN HER (BNGP) X} RAW264.7 EREANALN %
PEWTER . WRI8EE REH: (1 7F 62.5~500 pg/mL
W PEE SR P BNGP REJRE IF 5 IRAS B Wi A (45 5
P FLACHHE P, V51 A At AN T 38 o g R -

(IL-1B+ TNF-o) FER AT (NO. PGE2) )73l
&, H2MH—E AR Sk (>125pg/mL)
BNGP BRI E R4 — D oA ik, eI A
REJT. XK BNGP J&—Fpauieifim ¥, arfemligk
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MK (2) HENGEIfIALT LPS B IR A,
BNGP 7E—&KE (250 pg/mL) A HHE LPS 158 H:
FWERE T, 7F 62.5~500 pg/mL ¥ VL FE A BNGP g
FIZH T (IL-1B. TNF-0) FUZ LA (PGE2)
4y, {E BNGP i1k F] 500ug/mL B 5%F NO Flii|
VERA R BUR . IXE W BNGP [F]H & —Fh 2 4|
A, FE— R TR 1k by i i BT LR 45345
() [t BNGP IREEH K, BRI iINOS Hl COX-2
FRIBEIGIN. (KIKIE (<125ug/mL) BNGP 5 LPS
RYUAPMAVER, BNGP N 500ug/mL B RE N1
LPS #7531 INOS IFR1A s (I SE (<125pg/mL) BNGP
X LPS #7551 COX-2 ik LM, mikfE (5125
png/mL) BNGP X LPS 53] COX-2 Rk A B4
HIYER . Rk, BNGP X} ERELHAE /M NO Fl PGE2
(PR F it 1 3 3 B INOS Al COX-2
MFALLIAL, A AT RN B RIEER, A ML
2 7 LI 5 SRR AT .
B Ik
(L] Z5FF, (50406, 5 He e A P 432 e S M g
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