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Abstract: Immunomodulatory peptide was prepared from Thunnus albacores meat assisted by ultrasonic wave. Trypsin was
found to be the most suitable protease based on the relative proliferation rate of mouse macrophages. The hydrolysis
conditions were determined through response surface optimization experiments. Results showed that, the optimal
parameters were as follows: 5 h of enzymolysis time, 37.6 °C of temperature, and 11 min of ultrasonic time, where the
relative proliferation rate of macrophages was 40.04%+2.03%. The amino acid composition and molecular weight of the
peptide were also analyzed. The results showed that the essential amino acid content was 41.42%+1.24%, the hydrophobic
amino acid content was 26.49%+0.79%, and the molecular weight was concentrated in 4.7~6.5 kDa. The research results

would provide the theoretical and technical support for high value utilization of yellowfin tuna.
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I XUE R, 2525 o iZ PR XU & R 441 XOD
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S G PERG PERR A T S AR SE & ST A DLHRGE, T
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1 MR5RE%

1.1 MRS

WS A TS H &AL Counting Kit-
8(CCK-8)ixF& it EYREA R F;
TR i (5000 U/g) . BREFE FIEE (5000 U/g) | Hifidh:
HAAE(200000 U/g) . R (250000 U/g) . ARJK
A (100000 U/g) . TEREBHRERZE th (PBS) | Ik
B DMEM K5 38 3k 32 [E Gibeo 2y 7 ; & A AL 0
(NaOH) . #:f2(HCD)  E£54E FbFiX7A5 FR A 7
FREEAR . A= 195 AR A . el T B Rk
ARRAFL BN TSR gL MR R Ik
A E] /AN E AL (RAW264.7)  HEMGE
AT .

DKS-24 g S3H PR w TS S AR 6
WA BRZSF]; CF1I6RX I ARG 3 s Bl HAR
HITACHI 23] Br5 IS GedL T MRS 2 505
AL ZS A B2 s Forma 3111CO, 40855748 S5
Thermo 2\ F]; CX31 8] & Bf%4% HZA OLYMPUS
N PHS-29A MR PRETT UL ARA BRS
Fl; ZHJH-C1109C & TAES LIRS
ill i 4\ F] ; Spectra Max R  5€ [E Bio-Rad 2%
H]; LCJ-25C B3 AT AL JUa DUSRRL 22U 3R
JTA B F) P2 5 HITACHI L-8900 2 5518 [ sh5 4
i  H A Hitachi 2 &l; UPLC-ELSD & 0 HE (0,35

1 3EE Waters 237 o

1.2 SEWFHE

1.2.1 FEELTANEE B sE S famE RS,

TETCR I SAE S FIRE RPN LR T B PR BE, 2 SR

TSy, o LAl P BE YR I 535 B T-60 °C VKAER TR
&H.

1.2.2 @it — MBS IR e Koy 7%

GB 5009.3-2016 1 E Tkt el & i =%
GB 5009.6-2016 1% 2% [QHRHEY; K5 =55 GB
5009.4-2016 F iR RAAEM BHT & & &%
GB 5009.5-2016 " ARYPILERE &,

1.2.3 A A il froid 4 LR e S50

B 3738 (4 7 325 I RS VE B 2, B Se A 0.1 mol/L
B NaOH 5 HCI #0836 1 A pH Fc il BeAR N A9 2% o
VR, PRI LE 105 A RS 21 i A 1o PR BE,
i o) 2 Gt fa RBE ST WS , P43 N A TS o0 2

A1 6000 U/g PR I . AJINER IR . PR 25
P T T L P 1 T P o Tl R VA R R A T T

fift . BRI N SEUNER 1 U, FERE J1 i dE /K 3 5h

% 6 h 5, B/K¥S 15 min K, B B2 EEE 5
DR PSR . AR TS B R T8y, BT

—60 °C VKA PR o SR CCK-8 325 M % T b ik A
FERIRT IS B BAAZ AT AR X B AR, O 1 HH B R

A7 o

® 1 RFEIE AR AT

Table 1 Respond surface experimental design and results

TG pH it it L3 (°C)
ARG il 7 60
JB AR it 8 37
PRt 2 1 il 2 37
rPERR 8 50
M 1l 10 50

1.2.4 Rl £ B Rl 2R 500

1.2.4.1 BOGBEGATAITGE SCO0EE 4.5.6.7.8h
B 5 ASEEETR] . TR 1.2.3 ASEEOAE TR, LIS 2SI
SB[ SRy S AH-IEA T Foc il I A ) TR 0 2 o

1.2.4.2 Hif B BT e SRR E 17, 27, 37,
47,57 °C 19 5 BRI . R 1.2.3 nYSEE bR,
LA AR BRI BE SRy S5 A A T o3l I I B i ke o
1.2.43 HobEEFE B S5 w0y S 1y
e E 1. 10, 20, 30, 40 min 19 5 PSS IFE], $#2
HR1.2.3 BYSEEEBR, B AR I O Y A Y 5]
WCE T 120 W R AL PR [F s a] )=, FREEf# 6 h
AT A A P IRl B IR A ) TR 2 o

1.2.5 WRNENRYS  AEEARIER S g RO Bl |, DA
Tt g 1) L WA TELRE L RS R IE IR 2R, PAZNER
L 5% 240 i A X 354 G 3 R  BAE, T T = PRI =K
Box-Behnken Wi T A6, (i Ak i Bt 454
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Table 2 Factor and levels in response surface experiment

EES
A AR E (min) - BEEFIEI(h)  CEEFREEL(C)
-1 5 4.5 32
0 10 5 37
1 15 5.5 42

1.2.6  /INEUE W5 40 i A9 AR B 5 R I iF. CCK-
8 RIS AN e 34 5 ol 7l M S g8 HR TR Al e g B i —
Fopss RAKE | JOHUE Y E SR 7, H A RE
B % A1 i ) IS ST A D Ay e FE B e, B
FEY R 56 A0 AAE bl AR X A K R Y
RAW264.7 48, P77 4B %5 BE Sy 1<10° 4~/mL, H
100 pL £2FPF 96 FLA i, R E 5 DNEFL. NP
1B AL, 7E 96 FLAR ISR AR FL A 100 uL 1%
TCr (PBS) #E4 73HAAbHRS), F 37 °C. 5% CO, W
EF TSR, 24 h JERALY 2 RIS, 25 o R
A 100 pL 1958 5325 10 % TG4 g mfk
B DMEM 3% 5% 56 ), 080 20 in A 100 pL ¥k B 2R
200 pg/mL BYRE 5L S W, AL 3% 24 h e BN A
10 uL CCK-8, FETF 37 °C. 5% CO, 4% F=46 4%
3= 4 h J5, TSRO E HAE 492 nm ZTRSGIE, I
ARIRLAZ (DI H /N BB AN A A AR X EE %

X(%)z%xmo x (D

o X O AIAHRTHETE 2 (%) 5 A SRS ZHAE
492 nm MY SGAE; Ay i 25 T AE 492 nm &b 19
StAH .
1.2.7 & FEMREEE PRSP EIRRA RS
ARHE GB 5009.124-20164 & e 4= E M &
SR I YUV B 7 IR T E o
1.2.8 53 FE45 AR 58T
1.2.8.1 MELKM  @iEtE Ny BioCore-SEC-15 B
#£(7.8%300 mm, 0.5 pm) . HshtHA 150 mmol/mL
W 1R e 2% vh VS W Kl I KO8 220 nm; JERE Rl
20 pL; #E7EM 25 °C, %ii#: 0.6 mL/min.
1.2.82 SrFEARIEMZ AUl S 8 FF AR (M:
1422) | A= 1L F1 8 1 (M: 66.200) . L A E
(M: 5808) . A THEEF(M: 14400) %5 T s AR EC Hil )k
0.5 mg/mL iFEJSHERE, 15 2brrE M apE K . LISRiTE
mm 9 1g Mw (y) S5 PRIBEEHTR] (O Jr il bR v R 2
(y=—2.134x+47.754x—31.260, R*=0.903346) .
1.2.8.3 PR TFRIEAE  BFRE ISR T IR AR
i, TOHRIME EE SN 0.5 mg/mL S5 il B HERE, 5ok 18] v
BRI L BE B TR A RV FH 2R P 0 R AR i 47
R NGAFESFHET 0 L.

1.3 #iEAIE

FIr A SCHe 2 /SP4T 3 IR, R IBM SPSS Stati-
stics 25 X EAEIAT R VEHT, P<0.05 T NTAAE R
EPE2 5, Design-Expert 10.0 ZA4-SE1 700 W B30T,
Graphpad Prism 8 P4 72 Ab ¥ K 2 K]
2 FERESHh
2.1 HEHESHWGEEHEFRRY

WA G A 0 £ PR Y — RO SR A 4 R ROk o
T 72.3%%1.8%, KA S 1.26%+0.05%, &
T 26.95%+0.9%, JEAH i 0.049%+0.001% . %45
RS ULMERRSERD X 8 AR 10 B SR B I 2 4%
FERL, B A4S o e PR AR T & By, AR R
AT S S A e RIS PR AR A
22 HIEEAHE

AR CCK-8 TR T Fh 25 (M i 22 ik *) F
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TEOL T, ASEIER W B = 2%/ BB 2 e ) 14
FHARA A WL . A PR AR B B X 4
B A X 1S 5 2R 5 2 v T AL R R (P<0.05), AT
ik 35.61%, iX 5 ARFEFRAFR R AR R G A0
AT RIS, LA/ BRUE WS4 AR XG5 R . NO A=
JBE T U KA WERE T R AR TS H A S A 2 I 1
SR, SRR RGNS, LR T A i
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Fig.1 Effects of different proteases on the relative proliferation
rate of mouse macrophages induced by tuna hydrolysate
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Fig.2 Effects of enzymolysis time on the relative proliferation
rate of mouse macrophages induced by enzymolysis
products of tuna fish

2.3.2  FEAREE X /0N BRI 200 A X R 4 5 i)

] 3 73~ Bl A It B8 o Bl = %ok /s BRI W 4 Bt A
XTHEGE ARG L o A 4 V1 S e T P B i T v
SIS LTHE TREr S, MR 17~27 °C
Bsf, 40 MR 5 R B 2 VR B T s X AR TR
SR 37 °C B, AR IE/IN RS A0 i G S SRR B T B
151, 7 37.10%, TR ELEIFRER B SaE AR AN 37 °C,
At R AR S RS T T, (R 2 A L)
A R BRI SR R P, DT = A B 22 ) G BE TG R s 24 1
fi R B AR ST i, S IR S S EUE I R A S AR
P, (e HCEEN 1T R M AS R 2 R BE B 7K 2
I, VEPEEFEIRE A 32, 37, 42 °C #4752 N 1H
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Jm
= 20t
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Fig.3 Effects of enzymolysis temperature on the relative
proliferation rate of mouse macrophages induced by
enzymolysis products of tuna fish
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W 2 B AE X M B SR A T ) o AR =4 ) B I P
FEFEETE] 2 10 min BFIS R T i KAH, Sh 44.56%; 7E
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FFEE, i B Ta] R PNl 8 U Eg s Pl T, sk
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Fig.4 Effect of ultrasonic time on the relative proliferation rate
of mouse macrophages induced by enzymolysis of tuna meat
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2.4.1 ma ) EAALIR I L5 R B Design-Expert
10.0 RAEXT 22 3 B st 47 g o 1 ez, DA /IN Bl B
2 i A o 384 B 22 Sy i) B (B E AT 43 AT, 45 20 25 R A
2 3 PR, 25N E Zad 2ot R AR R, 4550 [
VA J7 B M Y=41.20+4.45A+2.00B+1.28C+2.75AB—
0.8875AC+2.57BC—11.94A>-5.87B>~6.21C>,
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Table 3 Respond surface experimental design and results

Sy A}‘ﬁﬁ Wil BEGARRTIE]  CEEBELEE  AHMTAHXIHISER
(min) (h) (c) (%)
1 10 4.5 42 27.62+0.83
2 10 5.5 32 25.48+0.92
3 10 5 37 40.52+1.99
4 5 5 42 19.12+0.95
5 10 4.5 32 29.84+1.39
6 5 5 32 15.14+0.75
7 10 5 37 41.72+1.99
8 5 5.5 37 21.28+1.03
9 10 5 37 43.97+2.07
10 10 5.5 42 33.55+1.53
11 15 5 32 28.76+1.32
12 15 5.5 37 32.72+1.52
13 10 5 37 39.71+1.88
14 5 4.5 37 19.55+0.93
15 15 4.5 37 19.99+0.89
16 15 5 42 29.19+1.33
17 10 5 37 40.10£1.92

XA A T 5 PR M 45 IR UL R 4, G5 R,
AL P<0.01, FEHIZASTAINL W25 [R]A, AR 2 421
Tt P=0.1514, FRUIFAUAS i 35, TEIG Th A U
3 HuE R80 R=0.9594, R, ,;=0.9124, i 1% 45
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Table4 ANOVA of regression equation

iH FrHM o AmE ¥EF o FE Pl WEH
i 1152.89 9 1281 1576  0.0016 **
A-BFERTT] 158.15 1 158.15 1946  0.0045 **
B-filfif ] 32.12 1 3212 395 0.094
C-RffIRE  13.16 1 13.16  1.62 02504
AB 30.25 1 3025 372 0.102

AC 3.15 1 3.15 03876 0.5565
BC 26.47 1 2647 326 0.1212

A? 583.95 1 583.95  71.83  0.0001 o
B? 144.6 1 1446 1779  0.0056

c 161.04 1 161.04 19.81  0.0043 *
B2z 48.77 6 8.13

ES ) 38.46 3 1282 373 0.1541
R 10.31 3 3.44

peviil 1201.66 15

R*=0.9594 RZAdj:0.9124

TE: *P<0.05H 25 57 355 **P<0.01 0 22 5 il B

2.42 WA EZZ BEAESAT YA A N
I aniEl 5 o, 12z 2R EIE S W B2 By [a] S A5E
T Ha 48 SR TR) 22 H AR X /)N BRI o 4 A X 14 4
SR EZI RO IRl SA T B T B R B
S R B PG O] LUA Y, M e Il B [ 28 ANAB R,
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A Tt
A7 A I e
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Fig.5 Response surface diagrams for interaction of various
factors
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FIT7N, 24 il st 7] (75 2 AN AR BF, 88 75 B 7] 5 Pl e 7l
HAEEAE R EH Sk, L 7S e TR 2 LS AR 238 114 5 i v
TR . HIE 5C RTLUE Y, 280 i a) [ e AN
AR, TR AL S T e A P S (A 38 BAE AR
e
Fh 1] U A T8 43 A7 45 20 1) S A T8 e 5% 17 ol B8

FEAFTE] 11.051 min. BEAFATE] 5.125 h, B F IR E
37.697 C. FEMLSRAF T, A0t Py Z /N R E g
ZH A A AEXT G FE AR A TR R 42.011%. FT25 1E 3
PERERAENE D0, X2 T 23 MR, e 1.2
B MBS EE] 11 min. BT AR S h B R
SR 37 °C, X A T 248 L S 50 5 0 () 2 RELAE X 1 G
A 43.039%+2.03%, 5 [A1YA5E Y [ T B TG & 3
25 (P>0.05) o TE B 3= i 37 T PG A S A4 o B B 4
M PR e e T PR R A T A

2.5 SEBRERST

Fitg it 22 K 28 SE R A AN 22 5 s o ZEAGINY
16 Fha SLmg b, 45 2008 & Bhdme i, o BVEE IR & it
Y 17.91%+0.53%, H R IR 2, 5 SV LR & iy
13.29%+0.39% . WA 22 Kb T 2 5% 1 2K
HLPR SR 41.42%+1.24%, Bi/K MR &1 b B
FRIY 26.49%+0.79% . HIEMR S5 AN RE RG A
A IREER B EARY T, 25 5005 5 RIE SV .
HHFFEHR SR 2 30 B AN [RIET RE T, Bk
AR SAEIR ] N pE AN EER, MR
b AR B 7 ) B e R A AR E RO Bz
TP AR FH A P Tt ) A R B85 R T A PR 1 124 T ik
PR S AT, A5 WoR HL IS FE R & 52N 32.5%,
FH AT DL At e e T PR IR SR S i B R
2.6 STESHON
B =05y F A A UnE 6 FioR, St faps
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Table 5 Amino acid composition of immunoactive
peptide in tuna

SRR E(g/100 g) Hi (%)
KA (Asp) 5.57+0.16 9.35+0.28
PR HR (Thr") 3.03+0.09 5.0940.15
2254 J% (Ser) 2.27+0.06 3.8120.11
B (Glu) 10.69+0.32 17.91+0.53
HER(Gly) 2.45+0.07 4.12+0.13
AR (Ala) 3.48+0.10 5.85+0.17
2R (Cys) 0.82+0.02 1.38+0.04
HisR (Val') 2.44+0.07 4.10+0.12
E2 R (Met) 1.47+0.04 2.47+0.07
SR (1e”) 2.13+0.06 3.58+0. 1
292 (Leu”) 4.20+0.12 7.06+0.21
Ji% %R (Tyr) 1.58+0.04 2.65+0.07
AR (Phe’) 2.04+0.06 3.43%0.10
AR (Lys") 5.93+0.17 9.96+0.29
21 (R (His™) 7.91+0.23 13.294+0.39
F AR (Arg) 3.49+0.10 5.87+0.17
T AR 24.65+0.73 41.42+1.24
BiK A SR 15.16+0.45 26.49+0.79
IR R 59.51 100

e * N LTE RIEIR, Bk M Z R S A Ala, Val, Met, Ile, Leu, Phe
OFP LR LA,

0.15
0.10

0.05

WIGEE (mAU)

?319

20
FFE] (min)
Bl 6 Sttt fue it ik i A
Fig.6 Molecular weight distribution of tuna immunoactive
peptide

WEPERRGE T AT 8, 158 T & T a5, 58
— M AREIETE 11~13 min Z (8], 85 & FRME S 9 F i
P BRIE TR 53 BT L 43 F3>10 kDa, 1Y 11.558%.
PP (A FEIEAE 22 min Z AT S AVeMl, A
FEIELE P AE 13~15 min BEPEME H Ok, S FEE T4
i T* 4.7~6.5 kDa 1, 55 [t 85.063%, 2L T
5.359 kDa. FIAYr T HIYMLT 1 kDa, (5 1E 3.38%.
B FFEHEI N KRB S i R A2, ) andze
AR ELAED Sl R ISR R X 2 MR AL R ) 4 S O T
AT SR PERE PSS, 25 RIS 3T 20 51 S iE
Wi PEANIF], 3~10 kDa 2H 4314 S8 1 M di 5 <3 kDa
HA Pt R b iR . I X S S RE T PR
AT R L2 A S0 BT LA S, Hoeys s
PERRUR T4 T2 th /N IRBZH A, I B A2
H 53 T 4.7~6.5 kDa, n] LIEBH 28 mi 5 i T 250
Ab S5 A o S e vh M BT s i fe e s e o
3 4Hig

L5 TR, AR S0 5 i A G A f0 Y H i
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