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B R ARA. MEAWANELKE, PSR, ¥ HKEIMMO4A, XAMTTHL
txpNAEEE, RRARRNEREANEN, HERERARABY SEN, K
ABELRGMNMEELE Y, CERAFILEAZFTE A LA 6 BANOS)H LK
W, BAR LR Bk P B B R B ik (ELISA)S Ul 48 3% VR F — A LA &

I F-6(IL-6)F & /- Z-1B(L-1P) 8y & & o

2 5ok, MMOG%E 2 3 RAW264.7 40 jif, th 2 74 Fn

. BMMOK E H 250 ng/mLut, 3855 20 j & o 68 4 3w 2m i A 1 G1/GO ) Fn
G2/M# 4o je « % FINOSH| MINOE . RFIL-6FIL-1ppr Mt AR ZK A B F, RIAH 5
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W3R AR 4 R M R R T .

SEHRIA: ks E K RAW264.748 8 %959

FESFES:R282.77; S9174

SCHA (Meretrix meretrix)] 12 43 A T W0 E W1
MW, WHARERFE, & &2 AT
T RS DL R 2 ARG Y T, W%
ZRIAERIR PRI W RWT, SR SR I
Prel i THUE S . BB RIE YT, JUHRTE
PO AP 5 A B AT AR SOl 2 b
HA R e g2 5 D6e, Red e g, FEAK/D
SR MELE F A . AR A0 AR ERORT B 2 L A
WERE ST, T VA I e T B R e A U
A S 5 B I Y0 A A T 1 i B SR BE IR (M.
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2 1 R, . SCIAZE AKX RAW264. 740 A 04 S s IE 4R T 411

Gln-Leu-Asn-Trp-Aspf¥ SCIG 5 AR, b HEBR $2 H
Yrrb HAR W B R 2, A S0 2% R TN
A IR SEIRIEAT 925, & AT iR )
PHEARA R G, 2lEEN97.76%; NRBEEE
Wt 240 il 22 RAW264. 7400 g 1 T B} e L 10 40 0 )28

5 33K, R R TG B A% R 55 R W (dul-
becco’s modified eagle medium, DMEM)(Gibco
Nl HEREEIHI R ARAR); HER
(AR E S B A FRAED); G4 My (e K
BUEY R B AR A R I EEE R (dim-
ethyl sulfoxide, DMSO)(f# €] AppliChem /s 7l ); g
Z Wi (lipopolysaccharides, LPS)(3E [E Sigma/s #]);
PO H L BE i #F (methyl thiazolyltetrazolium ,
MTT)(3 [F SigmaA #l); P PELLER & . FITC-45
B WFEHRIGG(EIEE = RAWHARARAA);
H.EJ K . NOH & . IL-61X 7 & . Trition X-
100, DAPI(Fg &% i Wi B Y TSI .
12 UF5KE

Forma 31115 CO, 1% 74 (35 [E Therm/A 7 );
SpectraMax M2Z U fig i b 1% (3€ [E Molecular
Devices/y Al); CX31RTSFA!IE B &5 . CKX4
R 5] & BB (OLYMPUZA 7l); Easy Cyte6 HT-
2L 41 A (3€ E MilliporA 7l); THZ-CTA 4k
i . QL-90 L e 1R A % (V1458 1 7l Hpk DLUR
A il A PR 2 ).
1.3 RAW264.740 B 7%

FFRAW264. 740 il 55 57 T 5% 10%)16 4 M3 .
100 U/mL#%5 %5 % #1100 U/mL75 %5 Z [ DMEME; 33
Heh ) FE37°C., 5% CO M FR b H MG 9%, Y4
200 60 6 55 TR 80% AR AR, BOG BleA: K I i
g1 S R s
1.4 MTTER 40 A 75 1

B35 B 29 13101 /mL I RAW264. 740 Jifi
WAER 96U, 200 pL/AL . }E3712 hiG £ K
P, WE AN RARMEZHA, B, C. D, E
(MMO MR BE Ry 4516 BERR B, I/INBI KRR
2. 10, 50, 250, 1250 pg/mL), & Hi%6F
T4l 24 W5 B W, ®FL200 pL&10%
MTTHIPBS, #k4:0% 5 4 g BILh ik, &40
J150 pLADMSO, 78403 10 min, T AR
490 nmib Il 5E WO (4), THR IR, &

20 0 M B R E R ZEIMMOAIR L P RYRE .
20 R B A 5

M HETE R = w x 100%
1
A, AN XTI WG s A RS A

WG, R,
1.5 573X 40 B (S48 M 2m Bt &) 2R

5 40 i 2 B 24 R 1< 10°AS /AL RAW264. 740
MFERD TR TR, BRI FR 12 h, W22 FXTHR
4. LPSFHPEZH (LPSHY MR BE A 1 pg/mL)FIIG . .
15 N2 20 (MMOYER FE 43 5112710, 50, 250 pg/mL),
200 pL/AL . ZEZE355524 Wi, 2 M40 M 3 )
BRI, 75% 4 °CE E i
W, VPBSHEMR G E MM, B0 M A20 uL
f)Rnase AJEI , 37 °C/K¥530 min, #1400 H i
Mg, 400 nLAYPIYL IR, TR 5] )54 °CiliE L
H30~60 min, - 37t 220 At 4SS

1.6 HEZ&WEMRTS

5 40 i 235 5 24 R 1< 10°4S /AL R RAW264. 740
Ml dh TofL M s 3 A b, WAL SR 12 b
Fr P o SIS A K 2 Ak B T g =X A AR A
K600 240 e R B0, 12 hJiE PL95% & 5 [ %E 20 min
WP AN . PBSIEVESS, S HE MH.ES A
BRI, B HEMIRE R, e BT
pUE SN

1.7 At LT A0 4 il 75 T B
HRAW264. 740 DL 25 5.0x10°4~/FL 4% Fp T
96FLAR G FE5 hy SIS 4320 Sz 2 4 Ak B I << 3 =X 4
L ASCRG: 0 20 e S 400 BE SR 12 hiE, R k4
WA & ERET L, B m200 pLAFH
NaHCO; & F5 W A120 pLrp PE 2T Ye ok, 4ksedy
22 W3R LIHW, BALIMA200 pL i) At 2104
FEA, FWRFEIR 2% 10 minf5 76540 nmAb £

M SGRE , P L AR
oL T = 2

1

1.8 HERAZMEMEAINOSTKIZIFENR
AR MR . SZEG A 2H DA K 25 W hb B ] <3 =X

21 SRS I 20 B ) 481 . 2% Lu S P I R AR

U, A5 2 4 FH 4% 10 22 58 I (@] 5 20 minfi5 ,

FH0.2% Trition X-100447 10 min, 5% BSA$tH]1 h,
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412 KopE o R 43 45

iINOSHLIAH: Fead 7% . FHFITC-45 4 1L 2E 41 HlgG
Fi T HE 1 h, DAPIAf#20 min, T 2¢ )6 W1k
BN WMLEE 4 4 INOS IR T I .

1.9 FHERAR 1T &R A4 M 4 B FE BINORE
AR . SIS 2 K 2 ) A BRI X A

it ASCAG: 00 40 i JE 301 . 2 BENOAR 7] & A9 B A T

P, T24 hE WS AL B, AR I 5

AR AW, T550 nmi K T #4780,

1.10 ELISAE# M 4AAEE FIL-1p. IL-6

YR REFR . 26420 DL K 2 4 Ak B ] 3 =X
21 A SCRSE 000 40 it JE 300 o 2 R TL- 1 BIREEK 4 3 4G
R &HAE, T24 WEWHS AL BiEW, Sl
ALY RYUE L, R EPUR, 7837 °CH: 3746
I E 60 min, fE A BOF . KW, T
450 nmiE K T HEATIE , AR R LA K ODMH
ELISA calefi {22 il H br vl 26 %) [l 9 7 A%, 3
FAH FWE WP IL- 1B &t . IL-6A9 A J5 72 7]
IL-1B.

111 HUEAIE

S5 BUHE I SPSS 19058 14 4 3 17 B Al
AT AL B 525G 45 S HmeantSDER /R, P<
0.05F /R EIE LA B EMEZER, P<0.01FEREHE
HAEW B EEESR

2 4R

2.1 MTTERM MRS R

AN TRl He FE B MMOXT RAW264. 740 it AF 124 h
Ja, BRA4SN, B, C. D. B4l 525 [ X R 4141
FoA W B3 M 25 S (P<0.0)(E 1), S5 R Bos, K
e FE FOMMOXT RAW 26474 At 38 5 24 5 A B &,
M JE R F] 10 pg/mLLL ERF, MMOX}RAW264.7
oM A BRI AE ., E250 pg/mLAY
RAW264.740 g 18 58 A8 35 B de AR, 5250 5 A1
Ko LR LPTIR, 3 F A0 MBS T R LS A MMO
W EE U AT R S0y, e AR B 10 pg/mL
Hh 3R S 50 pg/mL R A 250 pg/mL,

2.2 HLHRAW264.7Z0R0 E HARN T4k

LPSHIMMO# 1 i 411 Fl T RAW264.74 Jifs
24 hjm, HXF T A AXTRRAL, A G 4 FILPS4H
G1/Go U 0 240 LS 7 5 20 PRS0 ' 4 e 3G i (12)
SH N B AT BB A A He D, Gy/MI o 414
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Fig.1 Effects of different concentrations of MMO on
the proliferation of RAW264.7 cells

**_compared with control, it has highly significant difference (P<0.01),

the same below

RE Ay et hn, HEA BEME2ERP<0.05)(%1),
2.3 RAW264. 74RO 7SEIZE 4L

FHARAW264. T H.EYL (0 )5, 25 (XTI
AN A RN, REDE, 5 TR R
R 0] F 4L 20 A% PN B AN A, A B i R
W BLZS i R L T Al i A B 2
o 20 BRI U B N B R s R R AL R
543 440 i BB AR (9 O JE 5 LS4 i
XURZAZ Il 2 B 1 (813) . X 2678 4k R BT MMO#E
TEALRAW264. 740 L, 457 ) A2 ven 771 o 2 19 48 if
AHEHHEFLPSA, BB/ ERE,

2.4 RAW264. 740 EFMEINGERI T 1L

rF PR 2T 3 46 T 4% 2 RAW264. 72 fitd 75 1% 3 fi
(A8 Ak 2 B0, AR 70 4 o ) G I B
W T 25 AN IR, X34 SR RAW264. 740 itd 75 W
B AN (F22). o 7] it 4142 4 40 f 7 W g
SR 35 (P<0.05), {H 55 FLPSHL(P<0.01),

2.5 RAW264.74R 3R IZINOSHIZE £

9N BT B A HHRAW264. 740 il % 345
iINOSTE ML, 25 (4l an iz A BE 4 %, HESI 5
%, UEF T RS a5 A, K
A AN sk DO RB M, PREA. &
TR £ 2 L P S 200 bl [) A% () AR, 4 AR P ] D,
B B 4 (02985, HMMOZG M 24 4 (0,58 S5 i
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2 RAW264.740 R B AR 1L
@F A IRA; OEFEAMMO: 10pgmL); () FIEAMMO: 50 ug/mL); (d)FEFEHAMMO: 250 ug/mL); () LPSZ(LPS: 1ug/mL), F[H
Fig.2 RAW2264.7 cell cycle changes
(a) control; (b) low-dose group (MMO: 10 pg/mL); (¢) middle-dose group (MMO: 50 pg/mL); (d) high-dose group (MMO: 250 pg/mL); (e) LPS group
(LPS: 1 pg/mL), the same below

Rz 1 RAW264. 7401 B HA & HALE R (n=3)
Tab.1 RAW264.7 cell cycle results
205 W /(ng/mL) Gy/G SHi Gy/M
groups concentration Gy/G; phase S phase G,/M phase

THX A control 0 43.28+0.20 50.75+0.33 5.97+0.37
IGHIEL  low-dose group 10 39.5240.15 51.01£0.28 9.47+0.26
HFE4  middle-dose group 50 43.01+0.22 49.75+0.16 7.24+0.12
Fiff B4l high-dose group 250 44.82+0.32 46.04+0.19* 9.14+0.18%
LPSZL  LPS group 1 43.62+0.11 46.69+0.17* 9.7+£0.22%

x5 G R LA S I 2 R (P<0.05), R IF

Notes: *. compared with control, it has significant difference (P<0.05), the same below

LPSZH (K5), H45 5 54 I RAW264.7
T W e 7 R 8 bR IC 2 LR INOS R iA 45 1
P,

RAW264. 7408 53 WA IL-6. TL-1BEYEZ 1L

i 245 49 e J5E B85 o T B 5 (1 4)
2.6 RAW264. 740 43 5hNORY ZE 1k

LPSHIMMOME FHHRAW264. 740 124 hi5 ,
NOBE I BEMMOME B (1 38 i 38 R, 5257 & A4
*, TE250 pg/mLAt A B B A dEEH, H5T

2.7

MMOMILPSYEH TRAW264.740if124 h)5 ,
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414 Ko

43 %

B3 RAW264.740 B ZS
B Bl b i XUZ A= s 5 Sk AniE. DA AL LM BARTE. B
Fig.3 The morphology of RAW264.7 cells (H.E, x1 000)

Circle. caryosome; arrows. pseudopod,; star. vacuole

R 2 RAW264. 7T FRETN AL T 4L (n=3)
Tab.2 RAW264.7 cells changes of phagocytic function

o5 MMO/(pg/mL) LPS/(ng/mL)
group 0 10 50 250 1
TWEEEL  phagocytic index 1 1.06+0.01 1.09+0.02 1.14+0.01%* 1.23+0.02%*

Has A4, MMOS 5 & 41 Y e inTL-6 /1
IL-1B& 5, MMOK 10150 pug/mLs 4 fin s 5 A
B, WP R 250 png/mLi e #E 5 51 B 2 (P<0.05)
(K16), 45 ER, MMOHEA M IERAW264. 74 Jit)
A3 WAIL-6FIIL-1BFI1E

3 g

I 240 i 2 e S P B B A AR R e 1 S o
RGN —, RS T IR AN
PR, 3005 Je LA T R sl 2 09 8 XA I 08 A i
JEAR, B P AN T ENOSEAY 5T, )43
T U4 EE 0 M 0 FC At S B A0, o BIL A T 8 A A8
SO o 150 A0 A S IR Y A S R R A
SR KA 2R Aol P, T B RS I ) R AR AR R
JYYURENG R B AL . Bl /R SR AR R . W8 P kAL
Jile P O 82 5 3 2% 45 I S5 B R A % A R AT
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Fig. 4 RAW?264.7 cells expressing the changes in INOS (x400)

Arrows: green fluorescence

350 r 3k
300 +
= 250
o g %
g 2 200
=8
g S 150
{HI Z
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z
50 |
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2 3 4 5
ANFAL 2
experiment groups
5 RAW264.74R R INORE ST 1L
Fig.5 RAW264.7 cell releasing NO ability changes

1. control; 2. 10 pg/mL MMO; 3. 50 pg/mL MMO; 4. 250 pg/mL MMO;

5.1 pg/mL LPS; the same below

HAEG /Gl . SHI K Gy/MIT, A SR I Bir i i
o s SRR A W N B R | A S A e
Ik 22 A RS I 2 R R B, Y MMOIk B
9250 pg/mLI, G/GolW 40 ML, SHH 48 g ha
Go/M M4 i 34 in, 27K /35 vk B2 MMO ] fifi
RAW264. 73 ik SEHBR 1 53, 13 SI 1] G,/ MU il
Gy/MIATE G /Gl e Ak, DT 12 32 200 i ) 1 97

9\7

WU, R SLPSHFERE AL, BiIMMO
XTRAW264. 747 {E AL VEH

4 [ I AT 3 1) S5 0 B T R A BT OK
ELREE 3, BA me R AR s i v, JF
oh PR A L SRR, 3l o A AR R R
W AR B A AR /N UK S AN A, SR Fe A
JfL 7= AR LA P R R AR R K, G AR
HIEHAS A, it B 5NO. IL-6F1IL-1B4%
M TR 0 7 AR AR O o Y HLIR 32 B AR BT
INOSHE Tk FL W3k 41 i (9 L-KG 208 /= A= NO, )
Tl BE 1 A, ARG R R, HMMOMY
W R H250 pg/mLAF, RAW264. 740 M 1) 75 W 45
. INOSFR AR (G (AW G B ) 2 it I 775 U
HINOE & W S 3G . 33 8 B MMORE 1 58 1 1 21
Mo WERE J1, BEMINOSHYTIE i, A2 46 41 Jfa 43
NO, KHFHIGEIRAR, Wigdpre St mps, IL-
6 FIIL-1 B2 . W3k 4 Bl 4 3 1) JE B A A I+, L[]
S 5605, TERRE YRt - B — SR,
IL- 1 7] 42 32F B M 531 oA 5 40 i ™ A= 4 928 3K 2
F o, MR g3 38 42 3 s LR R P 1 Yo I IL-
62 5P-STAT3F 5@ B ML, FFPIMT A
K Bel-2 1 Bel-XLI 22355, J& 4 il Th1 %) 6o 528 1
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Fig. 6 RAW264.7 cells secretion of I1-6(a) and
IL-1B(b) changes
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Immunomodulatory effects of Meretrix meretrix
oligopeptides on RAW264.7 cells

YELei?, YANJie'’, ZHANG Wen'?, ZOU Shushu', YE Shengwang ",
YANG Zuisu ¥, YU Fangmiao ?, DING Guofang *

(1. School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China,
2. Zhejiang Provincial Engineering Technology Research Center of Marine Biomedical Products, Zhoushan 316022, China)

Abstract: This experiment discussed the immunomodulatory effect of MMO in vitro, which used Meretrix
meretrix oligopeptides (MMO) as raw material and RAW264.7 cells as experimental models. The research set up
control group, positive medicine group (lipopolysaccharides, LPS), low concentration MMO group, medium
concentration MMO group, and high concentration MMO group. Cell activity was detected by methyl
thiazolyltetrazolium (MTT) colorimetric method, cell cycle was detected by flow cytometry, and cell morphology
change was observed by hematoxylin-eosin staining (H.E) and cell phagocytosis ability was detected by neutral red
phagocytic experiment. And immunofluorescence labeling was used to observe the expression of iNOS in cells.
The contents of nitric oxide (NO), interleukin-6 (IL-6), interleukin-1f (IL-1p) in cell supernatant were detected by
nitrate reductase analysis and enzyme-linked immunosorbent assay (ELISA). The results showed that MMO group
exhibited increased proliferation and differentiation of RAW264.7 cells. When the concentration of MMO was 250
pg/mL, it obviously enhanced the phagocytosis capacity, increased the G1/G0 phase and G2/M phase cells in the
cell cycle, induced NO release of iNOS, and promoted the secretion effect of IL-6 and IL-1§. All the phenomena
were similar to LPS for RAW264.7 cells. Therefore, it is proved that MMO has the effect of promoting the
activation of RAW264.7 cells and the potential of enhancing the non-specific immunity.
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