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W2 +h 22 vh W (PBS) | B 48 11 /i (250 000 Ulg) \JIE
ZHE(LPS) . —E AL & (NO) & &= K il i 57 & . DNA
S e R & (AR ) R AR MR
B w5 /N B B 40 RAW264.7 . 7 b
DMEM }5 3736, G364 YR AT BR A 7 5 iR
M (FBS), 3 Gibeo 2 ] ;Counting Kit—8
(CCK-8) k5l & , L 2t A= B A FRA | H
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SpectraMax i b1 , 32 [E] Bio—Rad 22 Al ;HD-A J2
Mr 3 R 45 20 Hr A (HD-3 28 4M 61X . BT-100 18
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45 4 B 43 BT X, 3€ B Millipore 23 F] 5 Orbitrap J5t
HE AL SPDI121P -230 E %5 85 .0 W 45 {L Easy —
nLC1200 ¥ AH 6 3% 4% Forma3111 CO, 40 i 55 7%
i ,2%H Thermo Fisher 23 F] ; CF16RX 11 48 A% i =
M ELHL, HA HITACHI 2 7 ;LCJ-25C H25 %
HRTIRAL, Jbat A RE AR A R F] 5 D1008
# LB, 3£ E SCILOGEX A,
1.3 Hi&
1.3.1 S moK g -y e s s R ETR
0 T AR I T I A R A A 0 B K R
Y1 (TAPH )™ S5 A 45 254y BRI 125, pH {H
g 7, BEGS iR 6 000 Ulg, #8 75 B[] 11 min, i f#
L 37 °C, Bigfad ) 5 h,
1.3.2 & f0 28 UK ff ™= 40 1) 43 B A alifk
1.3.2.1 Sephadex G-25 Btz i/ 8 =% JH
X FFEBINTr g IEMAEIE S, BT R KR
Yy F R ik PR TR R 50 mg/mL,
SR HH 0.45 wm K AR JERR 8 . Sephadex G-25
SR ME BE RS 22 S, A 1 mL AR S T E i
1.5 mL/min, K009 4 220 nm , #8 46 K AE R 358
VSR OB 20 3 Vo R T I SR A T R TR R DPA
1.3.2.2  Sephadex G -15 % i {4 % 43 2 W
Sephadex G-25 ¥ i 1 e A3 09 20 - i A7 — kil
b BTG 0 F1 B A T gk, Jd s
FE b BT B W A 20 mg/mL, X5 H 0.45 wm 7K AH
I UG MR € . Sephadex G—15 7 5 ME &8 e i 28 °F-

M J5 A 1 mL A S PR B 1.5 mL/min, &5 I
W 220 nm , 88 AR AR BE 0 U, IR 4 4y 7%
R TR 5 HEAT S e 1E M T A
1.3.3  REEIEPER S E  fH LC-MS/MS Xt
1.3.2.2 15 BT o0 B 1 IR BEEEAT AR T 25 0 . FE A ST
fi# T 50 mmol/l. NH,HCO;, T3 & & i o A
DTT ¥ WA H 2 0 10 mmol/L, T 56 C/K
R 1 h, A TAM 3 Wl H vk Bl 50
mmol/L, 3 36 & B 40 min J& , fff ] 3% 4 C18
(300 pmx5 mm,5 wm) iR 5 AT R TR IE
FEF =20 CRe EALRIN . WA 2504 . 3 Bk C18
(150 pmx150 mm, 1.9 pm); FishAH A.0.1%H &
KW WA B & A 0.1%F FR K 1) 80% £ ;
UL 600 nL/min, FTi% A 1F  E B TR, —
2 4y HE E K 70 000, Automatic  Gain  Control
(AGC) & & 1x10°, 445 1 000~1 500 m/z;
TR HER N 17 500, AGC BEE N 1x10°, FiS4h
HHF PEAKS Studio 10.6 %424 Denovo J7 ¥
T2 IKIF AN EAT , %508 S Af £ G g2 0 P K o) B8 4
53 R2 W& LR ¥ 51
1.3.4 IR HUBERLPTAG K% 38 Ak 5T A 135 Pk
%2 Yu SN Duan 255WF 58 5 B, G4 0
T4 B JE A5 200 F 50 HE AT A e MRk . R
BIOPEP %% #& F& (https://biochemia.uwm.edu.pl/
metachemibio/ ) T FIF 75 BK 77 1) (%) 19 A 4 28 15 1
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M ESCH B —Bh s REORE | JCC R A L ek i
e, 22 e pi g B AR R X R R I Y
RAW264.7 48 i1, 475 40}l % B2 4 1x10° 4~/mL, B
100 L #2707 96 fLAR T A E SAES, A
Bij 130 2R 50y, 7E 96 FLAR e 4 B A L A 100
wL A JC TR PBS #E 47 i 40 317 F 37 °C,5%CO,
MEAR G924 h e BAL Y LB RIS, S LR
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FRZH A 100 wL 958 2 55 95 25 (& A 10%016 48 i
T W DMEM 3558 58 ) il 5 40 A 100 L iz
TR EE R 200 pg/ml FFE S, BA X REZH
A 100 pL JFii W R 2 pe/mlL 17 LPS %, 4k2:
Rigt 24 h J5 ,F A 10 wL () CCK-8 IF i, 15 &
T 37 C,5%CO, 4135 461597 4 h 5, HIEE
A 78 HEAE P K 492 nm Kb W EAE, MR 9 28 5K
C)TF5EH 70N BRI I3 240 6 %) o) 38 3
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A Xy AR 3G B R %A R g 4

TEPW K 492 nm 4 OD fH ;4. M HAHIE W K
492 nm b F I EAH
1.3.5.2 PR 20 vk A I /0N BRI 40 ) o W 0

Z:7% Repetto 5577 1 3F RS AR A& 2, i A 524 [7)
1.3.5.1 1, /4G 2555595 24 h e, Kbk LIS W, B
fLINA 100 wL %4 0.09 mg/mL HPELL ) PBS, &
T 37 C,5%CO, WA 85 5% 1 h, W B, H
JoH PBS BE 2~3 WK, BEALIIA 200 L 4 24 i
W O(KBEIR : O PE=1:1), WITE), iRk 5
min f&, T EEAR OGN 2 FHAE P 520 nm 4L A9 OD
8, AR 2 3K (2) 1153 0 /0N B 0 240 L ) o e i
Pk,

X(%) :AlA‘ﬂxmo 2)

0

X 4R X R %A O R A
TE P K 520 nm AL ) OD 1H A, & HAHTE WK
520 nm Ab A9 SEAE
1.3.5.3  Griess 4 M /)N B FL W 41 i 2E 1 NO R
J1 0 RIWIERAER 1.3.6.1 15, AL 240 5 I
£ FIEW, BALIMA 50 wL 19 Griess Reagent 15
Griess Reagent T30, T bR {0 HAE I K
520 nm 2k 1 OD {8, I 48 b o il 28 (1=0.0059x+
0.0711,R*=0.9988 ) I & 41 L - 7f W NO & &t
1.3.54 /NREWEANH 40 E I 2% Yuan
S5OV Jy 3k IR RS AR B e, WA R BOAE KR Y
RAW264.7 41l , 8 15 240 J % B2l 2x10° 4~/ml, B
2 mL#FF 6 fLART, F 37 C,5%C0O, FEFE T
Wigt2ah 5,55 BEWR, = BXH A mA 2 mL
M7 R IR 5 I 4N A 2 mL BT W R 200
we/ml AR S A TR, BHAE ST BRI A 2 mL J5 5

FEHR 2 pg/ml (4 LPS %9, 4k 2285 5% 24 h, 5% LS
W, 1 PBS A WO B AL AL S I A TA Y
70% & BEF WA 4 CORFAHEE 4 h, #2057
9,0 PBS YR 2 WE B0 3 BT, A 400
wL RNase A & ¥ ,37 C/K ¥ 30 min, fil A PI
(Propidium iodide) YeRHEZS))E ,4 CHEIEIFF 30
min, 200 H 40 9 08 1, g i A ik
AR, 30 B E D% K 488 nm b Y 2T (55 5k
. f#H FlowJo 2744 (version10.8) 47 41 Jifg Ji& 1)
I3
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AR5 &= /047 3k, KA IBM SPSS
Statistics 25 #F 17 £t 4 2 & Tk 7 H7 , Graphpad
Prism 8 iJE47 80 Ak ¥ K 22 18], & B 1R 7 5 49 #r 2R
FH LC-MS/MS J¥- 51 53 B 44 #1 PEAKS Studio %k
4 (version10.6) .
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Fig.1 ~Chromatographic characterization of enzymolysis

products from tuna by Sephadex G-25
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2.2 Sephadex G-25 4> B A4 K/ FR B L& 40 i
AN

G ¥ B KR T ) 458 Sephadex G-25 #E
IIEM R, 3 EIE 3 A4l 5 xF /0 BB 40
RAW264.7 FHXF B4 K B 52 ANl 2a frzs . ] A
3 AN E UL % RAW264.7 41 4 4H X 48 5 %
A—EAEEER, Hr F1 A0 35 /N E
IG5 2 P %o 3 5 e 0 2 T R 52.82% , H W 3
FK A= 55 40 2 Fpor B 415y (P < 0.05).,

I 200 30 o LA R 0 T P R A e A
T2 5 BUAR G g2 R g, DR HE A W B ) 2 g2
RGN BRI A SR T P 2L A
25 2/ BB W 40 i A e ) e Yy AR Ak g5 R An Al 2b
Jt 7,3 Bl 4 B 4 0 35 0T LAARE HF RAW274.7 40 i

HWEER, Hd Pl B4 0 EvReh B & e
THEH > (P<0.05), H RAW264.7 41 iy /Y 75 W
RN 42.49%,

NO J& 2 5 Gy [ v ) B LG8 7 76 9 B
FEANEB G TR EEEN, 2250 RN
() B IR, A 5 0 S Y DG B R 3
() NO BB 38 5z 7% <9 JEL A 300 il 5 9 1) & AR 1224
SYEEFTS 3 N4 X RAW264.7 B ik NO #5200
WE 2¢ B, BIANFL 4338453 0 NO Bl
EFEE T HESEA S, ik 2.46 pmol/L (P <
0.05),F2 5 F3 43 & 41 4> % RAW264.7 4i Jifd 1)
NO B R AR 8 3 25 Bl 45 F1 v B
AR e T M R B — 2 A s Al
b

100~ a 100, 10~ 1
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5 3 2 :
= o Mo, 60 s 2 o
T2 g b1y
gl W = 40 =) g 4
E2 g ZE E g
é é 20 OU 2f + I
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ENGIE: R ENGER ENGER
Different components Different components Different components
(a) FH X 344 B 2% (b)) IR (¢)NO it
TE A R/ING 0378 4 ) A7 7tk 25 7 22 57 (P<0.05)
B 2 Sephadex G-25 4> B A7 B/ B & 40 i 62 & iE M
Fig.2 Immune activity of mouse macrophages from Sephadex G-25 isolated components
2.3 F1 44 H Sephadex G-15 BKEH 7 E Mor
Sephadex G-15 &2 Mt At 73 8§ 2 ik 43 1 08}
JE S 0.1~1.5 ku, 3B 5 16 1 fe £ .
RSN o '3 S 0.6
W) F1 Aok — 28 0 B alifh 2 B 5 oy 25 (03 1] %é
WP 3§ 1 41502838 Sephadex G-15 4r#iJ =2 o4 N
AR T 2 AU S0 A4 O FFL FF2, J5 2 sal -
A3 %E 2 ARG AT ISR Y R TR T TR S
: | L I
T PETE ST Gl 20 40 60 80
e i
24 Sephadex G-15 %% 4 )/ B 5 WA i el
REEES T B 3 Sephadex G-15 4B F1 A% W E# E ik

FF1 A1 FF2 43 25 20 43 % /0N B 95 41 4 928 7
PSS 4 BFoR 2 A4 4 3 BE R Y
RAW264.7 20 M3 5 | G2 16 M 34 20 T F1 43
A (P<0.05), HH FFL 70 e 4o 2 it

Fig.3 Chromatographic map of F1 component
of tuna separated by Sephadex G-15

RAW264.7 40 Mg 34 58 i RO R e fd: , A 59.35% , A
T Fl AN RS T 11.87%, FNd KT FF2
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SR PEREE LT F1 345, H FFL 414019
G 325 T T M B A
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Fig.4

2.5 Sephadex G-15 " BEAESH/MRE KA
Fe & #5

20 ) 0 o A L 813 DA A R A A
T AR IGH I EE SRS, AR AT 4 GO
M, RI2N DNA & 5ni ;S W ED DNA & nidh ;G2
WIRD DNA & 5 312, WKl 5 fis , Sephadex G-
15 43 B 20 0 %k /I B I 200 i 1 4 e SR S s i,
KT LAE 528 W AL AR L, 20 A B 4
SPALEE 24 h 5, Gl WA A Horh FFL 4r e
Hor WEWINT G1 WA S WA o, FRAK T
G2 W4 el 457 T G115 S Wi4ni e, ix

100+ %G1 :45.0
%S :7.92
%G2:47.6
804
% 5 604
22
Sy U@ 404
20+
0+

50K 10K 15K 20K 25K
FSC-HLin :: Forward Scatter (FSC-HLin)
TR 5 A X 5 3
Forward scatter/(Channel )
(a) % A% HR A

Immunoactivity of Sephadex G-15 isolated component in mouse macrophages

5 It I A PIE 5 7 e i e 0 %k /0N Bl Wk 4 Y
F1%) 200 0 J0 400 5 e 245 SR AR DA
26 SRBEEQKBIEYPREEERHEE
i1 LC-MS/MS %7 | FF1 73 B 4153 Hh o] B
M2 KFA Bl 8 2 P BT De novo Mk IIF
AR, BEBANZRZZIRARRTFI, &5
BIOPEP dli 2 XF Lb , §iff e 45 21 2 2% H A7 A S e
TEPEM AR B an 2% 1 A 6 Firos o HoF 91 43 ol o2
Gly —Asp —Ala =Glu —=Met —Glu —Ala —Tyr —Gly -Lys
(GDAEMEAYGK) #I Leu-Leu-Tyr-Gly—Gly-Ser—
Val-Thr-Gln-Thr-Cys—Lys (LLYGGSVTQTCK) , i

%G1:64.1
%S :20.6
%G2:15.4
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0 i %
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0 5.0K 181( 15IK ZOIK 25i{
FSC-HLin :: Forward Scatter (FSC-HLin)
AR 5 AR X 5 3
Forward scatter/(Channel )

(b)FF1 4143
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50K 10K 15K 20K 25K
FSC-HLin :: Forward Scatter (FSC-HLin)
A5 5 A X 5
Forward scatter/(Channel )

(¢)FF2 4143

5.0K 10K 15K 20K 25K
FSC-HLin :: Forward Scatter (FSC-HLin)

5 5 AR 5
Forward scatter/(Channel )

(d) FHE X R 21

B 5 Sephadex G-15 4 B A% K/ R B 15 40 B 59 40 R B 5 52 1
Fig.5 Sephadex G-15 isolated fractions of RAW264.7 for fine cell cycle distribution

i KR BIOPEP 46 1, I A IEAH ] A4 e 2 1
PERRIF S, BON R 3RS B B2 BT A . R Ex-
PASy ProtParam il PepDraw %4 #i& /% X H: P fk 4
T AR AT B (3R 2) .

J¥51 GDAEMEAYGK & 4 B K PE &SR 15 L
40% , EE RN ER (Ala)  H 2R (Gly) i 2 R
(Lys) EZ MR (Met) ., J¥%] LLYGGSVTQTCK % A
B KR E R LG 41.7%, FEE N HER (Gly) |
S @R (Leu) B R (Val) , W52 HLIE KER 5> o2
WPER R IR A P — = A 1 Dl A
IKPEZ LR, AT BIF ST B IR rp i B e R 2 ik
PR AE ALV W R vh R HEOCHEAE ], B a8 AL TR
JEAN o A 5e AR (Leu) A2 B2 (Val) | 758 2 R
(Lle) 12 k23 B ma ALK N G e bR iR 1 3R 3R,
Z KR EE N 3 C i & A7 RS 2R (Arg) | (0 & 1R
(Trp) BA B 45 R BE iz (Gln ) BE 4% 00 28 240 it 5 1 (14 o]
2 AR S &R (Arg) IS =9 B JE
BLIAR S % D RE A A PN [] s T 5 41 T8 K38 20
PEWEVE IR R FE R A W — = & A 1Az
B PR SRR, B0 Yo SE025E xof XA Sk 75 2 1
K=Y oy B W 1 B HOK (Lys—Ser—Pro—Leu -
Tyr) , ZHIREH 2 DB KRR, B A E

JBARREARRGR
ly2

o
]

7

B {ESmE
Intensity/%

t .wmﬁ)\ l.; }_h |l ﬁl} »

R Af LG
Mass to charge rate(m/z)
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sEREREFERRERR
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# T
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(b)
E6 FF1ASZRIELEEH_REIEL
Fig.6 Secondary chromatogram of FF1 component

identified by mass spectrometry

W A1 43 NO IL—1B Al TNF —a 55 4 322 98 45
fEH.

F1 EMEEHKNEYEGE
Table 1 Biological potential of identified peptides

SR Ak
GDAEMEAYGK S, 9% PEJACE 47 %) /4% B AL/ = kI M B TV 49 ) /= Pk Ak B TI1 4 %) /4 35 55 4 ) )
LLYGGSVTQTCK ;% Y5 7% Pe/ACE 47 %1 /40 B A/ = Bk A M B TV 39 %)/ = R A Rk B TIT 39 %0/ 3) 3 45 4R O] 398/ 46 3 8 4
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Table 2 Physicochemical properties of identified anti-inflammatory peptides
AR/ .
Rk 5 AT RE  HeAT fig o 7% F Kk pl FRE & H
(kecal/mol)
GDAEMEAYGK 564.7286 -2 20 -1.1 3.73 +23.52 -7.98
LLYGGSVTQTCK 663.8379 +1 89.17 0.217 8.89 +11.04 -0.98
3 £ 84-90.

G A8 ff K i 7= 9 (TAPH) 242 3 Sephadex G-
25 BERCEMTAE Sy 85 JE A8 B 3 AN B (K-
F3), Hrf F1 AW ie id Mt 3 —2% Fl
205 FIH Sephadex G-15 Bt 2T/ 85, 2K4F
T 2B FFL A FF2, 259380 FF1 415>
fiE k2 M I RAW264.7 14 384 5 2 R A W BE 1 K
NO A miie S1, 409h 73% ,74.06% ,4.8 pmol/L,
UeAh, Zid FR1 AREL S () RAW264.7 41 i GO
T4 M b ) B S R, B PR 4045 0 S e
P AT, Je )5 FFL 45 2803 LC-MS/MS %85 53 4T,
58] 2 4 % 5 i M Bk GDAEMEAYGK il LLYG
GSVTQTCK , A 5% 45 5 vl LA M J 25 4 928 1 PR IR
N T A AR AL BIE IR, A5 S A Ol R 1
B JE 16 PR IR TE B 0 245 5 9 L FR R RS S BR
T

P

=z

% X W

[1] RYNDA-APPLE A, ROBINSON K M, ALCORN ]
F. Influenza and bacterial superinfection: Illuminat-
ing the immunologic mechanisms of disease[J]. In-
fection and Immunity, 2015, 83(10): 3764-3770.

TECKLENBORG J, CLAYTON D, SIEBERT S, et

al. The role of the immune system in kidney disease

2018,

2]

[J]. Clinical and Experimental Immunology,
192(2): 142-150.
WANG J, ZHENG M Z, MIN Q X, et al. The

dual regulatory function of lienal peptide on immune

(3]
system[J]. International Immunopharmacology, 2018,
55: 245-253.
BRUNO B J, MILLER G D, LIM C S. Basics and
recent advances in peptide and protein drug delivery
[J]. Therapeutic Delivery, 2013, 4(11). 1443-1467.
TR, XA, VR, AR T AR T IR
I fige P 075 e ()], P DRI A 4, 2020, 35(10):

(6]

[7]

(8]

[

YU Z C, LIU B Q, YU Z, et al. Screening of en-
zymes for hydrolysis of immunoactive peptides in soy
sauce residue[J]. Journal of Cereals and Oils, 2020,
35(10): 84-90.

HIEPE, R, EwE, 5. HA w65
922 1% P JUAC 1Y G A R A T ORI AL WV AR
W CARPEERT), 2020, 39(2): 110-116.

DONG X Z, XU S M, WANG L J, et al. Study
on enzymolysis of immunoactive peptides from fish
skin of Japanese curds[]J]. Journal of Zhejiang Ocean
University (Natural Science Edition), 2020, 39(2):
110-116.

S, BB S, XNEL b E G Al SR K kTR
BT BKE, 2009, 5(1): 68-74.

ZHANG Q, WANG X C, LIU Y. Current situation
and development trend of tuna fishery in ChinalJ].
Southern Aquatic Products, 2009, 5(1): 68-74.
B WEVR K AR DY A AR G P R[D]. BTN
WL Tl K75z, 2016.

ZHANG C. Preparation of bioactive peptide from tuna
meat by enzymatic hydrolysis|D]. Hangzhou: Zhejiang
University of Technology, 2016.

BB, B, BRHEE, . &b gh oK 4 T
JBE i ity B M A T B B2 R[], TR A SRR, 2022,
22(5): 180-188.

ZHAO L, YANG J C, CHEN K, et al. Effect of
tuna nano —fish bone calcium on gel properties of
surimi products[J]. Acta Food Sinica, 2022, 22(5):
180-188.

EESE, MIESY, AR, . N % AL 6 At
8 H PO XU PR # L Z0). WU v R
W (ASFLRR), 2020, 39(1): 41-50.

LI G F, HE D ¥, ZHENG L B, et al. Optimiza-
tion of preparation of anti—gout peptides from tuna
protein by response surface method [J]. Journal of
Zhejiang Ocean University  (Natural Science Edi-

tion), 2020, 39(1): 41-50.



25 1

BB RA KGN IR EEIR 5 B AL BARINE R R

379

[11] HSU K C, LI-CHAN E C Y, JAO C L. Antiprolif-

[12]

[13]

[14]

[15]

[16]

[18]

erative activity of peptides prepared from enzymatic
hydrolysates of tuna dark muscle on human breast
cancer cell line MCF-7[J]. Food Chemistry, 2011,
126(2): 617-622.

iy, EEN, XN, S WS B D) i R
i B 0 VIR A T 2 AR AR B T R L,
2024, 45(2): 168-174.

XU Y F, WANG X Y, LIU Y, et al. Optimization
of enzymolysis process of immunological activity of
yellowfin tuna assisted by ultrasound[]]. Science and
Technology of Food Industry, 2024, 45(2): 168-174.
JEE, S, BT, AR RRTRE R I AR o B Al
b R 5 K S5 ()] B RRE, 2019, 40(16): 124-
129.

ZHOU M H, GUO Y, WEI Z, et al. Isolation,
of active

Food Sci-

purification and structure identification
lipid —lowering peptides from hazelnut[J].
ence, 2019, 40(16): 124-129.

YU Z P, WU S J, ZHAO W Z, et al. Identifica-
tion and the molecular mechanism of a novel
myosin —derived ACE inhibitory peptide[J]. Food &
Function, 2018, 9(1): 364-370.

DUAN X J, ZHANG M, CHEN F S. Prediction
and analysis of antimicrobial peptides from rapeseed
protein using in silico approach[J]. Journal of Food
Biochemistry, 2021(9). e13598.

WS, ik, FEREE 2= Ll (Cell Counting Kit-8 %
N0 5 U B 200 5 ) 92 B DR AR e AT [)]. MR EF
2021, 35(8): 48-49.

CHANG N, YANG L. Experimental course design of
‘Cell Counting Kit -8 Method for Determining the
Nu-mber of Adherent Cells” for basic medicine spe-
cialty [J]. Continuing Medical Education, 2021, 35
(8): 48-49.

RN, KB, MY, S E PRRIT AL X9 A
I A0 ML SW1990 17 4 Wy sZ ma[J]. b [ g e 2 Ae ik,
2019, 35(12): 1469-1472.

LI H J, ZHANG L, JIANG S, et al. Effect of in-
hibition of PRRII gene on the behavior of pancre-
atic cancer cells SW1990[J]. Chinese Journal of Im-
munology, 2019, 35(12). 1469-1472.

REPETTO G, DEL PESO A, ZURITA J L. Neutral
red uptake assay for the estimation of cell viability/

cytotoxicity|J]. Nature protocols, 2008, 3(7). 1125-
1131.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(27]

YUAN C, ZHENG X Y, LIU K N, et al. Func-

tional characterization, antimicrobial effects, and
potential antibacterial mechanisms of NpHM4, a de-
rived peptide of Nautilus pompilius hemocyanin [J].
Marine Drugs, 2022, 20(7): 459.

HU Y Q, YANG J H, HE C B, et al. Fractiona-
tion and purification of antioxidant peptides from a-
balone viscera by a combination of Sephadex G-15
and Toyopearl HW—-40F chromatography|[J]. Interna-
tional Journal of Food Science and Technology,
2022, 57(2): 1218-1225.

LIN H W, LIU C W, YANG D J, et al. Dunaliel-
la salina alga extract inhibits the production of in-
terleukin -6, nitric oxide, and reactive oxygen
species by regulating nuclear factor —kappa B/Janus
kinase/signal transducer and activator of transcription
in virus—infected RAW264.7 cells[J]. Journal of Food
and Drug Analysis, 2017, 25(4): 908-918.
HUNTER M, WANG Y J, EUBANK T, et al. Sur-
vival of monocytes and macrophages and their role
in health and diseasel[]].
Journal & Virtual Library, 2009, 14. 4079.

YANG F, COMTOIS A S, FANG L W, et al. Ni-

tric oxide—derived nitrate anion contributes to endo-

Frontiers in Bioscience A

toxic shock and multiple organ injury/dysfunction|]].
Critical Care Medicine, 2002, 30(3): 650.

GAO R C, SHU W H, SHEN Y, et al. Sturgeon
protein—derived peptides exert anti—inflammatory ef-
fects in LPS-stimulated RAW264.7 macrophages via
the MAPK pathway[J]. Journal of Functional Foods,
2020, 72: 104044.

VERMEULEN K, VAN BOCKSTAELE D R,
BERNEMAN Z N. The cell cycle: A review of reg-
ulation, deregulation and therapeutic targets in can-
cer|J]. Cell Prolif, 2003, 36(3).: 131-149.

ik, BERE, RGN, AR 0P A A ROs AL AR
P 2B MDA-MB-231 J& 43 A 1) 52 (). 7 E B
KAF2EH, 2020, 42(5): 452-456.

ZHANG C, LU J M, ZHOU B G, et al. Effect of
atrial natriuretic peptide on the cycle distribution of
MDA-MB-231 human breast cancer cells[]J]. Journal
of Ningxia Medical University, 2020, 42(5): 452-
456.

MORRE, BRR, B4, L F IR 2 kT
RAW264.7 F W 21 il (4 S 2 9 5 45 )] & Rk,
2019, 40(7): 185-191.



380 S SIS = T SO 4 2025 R4 1 1]

YE S W, YANG Z S, LI W, et al. Effect of enzy- (6): 1565-1572.
molysis  polypeptide on immune regulation of [30] HAQUE E, CHAND R, KAPILA S. Biofunctional
RAW264.7 macrophages|J]. Food Science, 2019, 40 properties of bioactive peptides of milk origin [J].
(7). 185-191. Food Reviews International, 2008, 25(1): 28-43.
[28] JACQUOT A, GAUTHIER S F, DROUIN R, et al. [31] MONDANELLI G, COLETTI A, GRECO F A, et
Proliferative effects of synthetic peptides from B-lac- al. Positive allosteric modulation of indoleamine 2,
toglobulin and a-lactalbumin on murine splenocytes 3-dioxygenase 1 restrains neuroinflammation[J]. Pro-
[J]. International Dairy Journal, 2010, 20(8): 514- ceedings of the National Academy of Sciences of the
521. United States of America, 2020, 117(7): 3848-3857.
[29] NETO M G O, SANTOS H A, FRAGA R E, et [32] YU Y H, HU Q H, LIU J H, et al. Isolation,
al. Nitric oxide and immune response in infection purification and identification of immunologically ac-
control of caseous lymphadenitis[J]. Arquivo Brasileiro tive peptides from Hericium erinaceus[J]. Food Chem
De Medicina Veterinaria E Zootecnia, 2017, 69 Toxicol, 2021, 151 112111.

Isolation, Purification and in Vitro Activity Evaluation of Immunologically Active Peptides

from Tuna Protein Hydrolysis

XU Yuanfang', SHEN Cunkuan', LIU Yue', XU Wenhua?, CAO Shaoqgian', QI Xiangyang', YANG Hua"
('College of Biology and Environment, Zhejiang Wanli University, Ningbo 315000, Zhejiang
*College of Food Science and Engineering, Ocean University of China, Qingdao 266555, Shandong)

Abstract Purpose: To screen and identify immunologically active components in the hydrolysate of tuna protein.
Method: Tuna protein was hydrolyzed using trypsin, and separation, purification, and identification were performed using
a combination of Sephadex G-25 gel chromatography and liquid chromatography—mass spectrometry (LC-MS/MS). The e-
valuation criteria included the relative proliferation rate, phagocytic ability, nitric oxide (NO) production capacity, and
cell cycle distribution of RAW264.7 cells. Components with strong immunological activity were selected, and their struc-
tures were identified. Results: After purification by Sephadex G-25 and Sephadex G-15 chromatography, the isolated
FF1 fraction exhibited strong immunological activity, with a relative proliferation rate of 73.66% , phagocytic ability of
70.04% , and NO production capacity of 4.82 wmol/L in RAW264.7 cells. Conclusion: The FF1 fraction obtained after
Sephadex G-15 separation demonstrated strong immunological activity, and two potential immunologically active peptide
sequences were screened from this fraction, namely, Gly-Asp—Ala-Glu-Met-Glu-Ala-Tyr-Gly-Lys (GDAEMEAYGK) and
Leu-Leu-Tyr-Gly-Gly—Ser—Val-Thr—-Gln-Thr-Cys-Lys (LLYGGSVTQTCK). This study provides important theoretical refer-
ences for the development and utilization of immunologically active peptides from tuna.

Keywords tuna; immunologically active peptides; isolation and purification; enzymolysis approach



