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Analysis of Absorption Characteristics of Walnut Peptides by Everted
Rat Sacs and Identification of Antioxidant Peptides

LI Haoming, LI Weijia, LI Jia, FANG Li, SONG Jiaqi, WU Dan’, MIN Weihong'

(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: This study investigated the absorption characteristics of <3 kDa walnut protein peptides simulating gastroint-
estinal digestion products using the everted rat sacs method. The optimal conditions for walnut peptide absorption in the inte-
stine were selected based on antioxidant capacity (DPPH free radical clearance rate, ABTS™ free radical clearance rate, Fe**
chelation rate) and active peptide absorption rate. The absorbed peptide components were screened and identified using
simulated molecular docking technology and Nano-HPLC-MS/MS technology to obtain new walnut derived peptides that
could be fully absorbed and had antioxidant activity. The results showed that when the absorption concentration of walnut
peptide digestion product was 6 mg/mL, and the absorption time was 2 h, its antioxidant activity was the highest and the
absorption rate in the small intestine was the highest. Further identification by Nano-HPLC-MS/MS showed that, the 0.5~
1 kDa active peptide was the most numerous, with the C-terminal/N-terminal amino acids mainly concentrated in Pro, Thr,
and Leu. Thirty-three active peptides were fully absorbed and crossed the intestinal barrier. By combining molecular dock-
ing technology with DPP-IV, the three active peptides NLRFPL, NPDDEFRPQ, and KGHLFPN with the lowest binding
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energies of —8.8, —8.6, and —8.6 kal/mol, respectively were obtained. Among these, KGHLFPN displayed the strongest

antioxidant capacity. In summary, simulating gastrointestinal digestion with <3 kDa walnut peptides could release the active
peptide KGHLFPN, which had the highest antioxidant activity and could be absorbed by the small intestine. These findings
would provide new ideas for studies exploring the intestinal absorption characteristics of exogenous peptides, and the scre-

ening and identification of antioxidant peptides.

Key words: walnut peptide; intestinal absorption; antioxidant activity; molecular docking
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B ABTS 7KIEW T 2.49 mmol/L B3k PR 7K 15 Uk
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KT AR UE A5 B AR S B AR (1 mg/mL)
FOPTEALIETE . AR 1A FoR, Kt BB IE s 1
<3 kDa Mk KA DPPH H 375 R R (93.58%=
0.85%) B3 = T 3~10 kDa Ak (87.01%+0.92%)
F1>10 kDa ZHk K (84.04%+1.03%) (P<0.05), I 5
1 mg/mL £ B H K GSH(95.21%+0.75%) JG ik & 22
5 (P>0.05)., ABTS 7EEMAFIEN T A blisr
M ABTS' H H13&, 15 A 35 BRFIAEFERT, ABTS ™
A=Al P, I O R AT A AR s 5 ABTS®
FI I FEA9EE ; anl&l 1B Ji7, ABTS' H HASE R R4Y
S5 DPPH #H{, <3 kDa #Z#BkAK(82.35%+0.74%) it
F5T 3~10 kDa 2Bk (74.21%+0.72%) F1>10 kDa
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Fig.1 Antioxidant capacity of walnut protein peptides with
different molecular weights
TE: B AN R /INE SR SRR A TRl 4 2 6] A 8 25 1 22 57 (P<
0.05); [ 2~%1 5., [ 7 [F].,

e 1o &3 IR 8 VB IS 43 F 5 <3 kDa #Z Bk Ik iy
Fe> B8 HE171(93.46%+1.07%) i 55T 3~10 kDa #%
MEAK(82.46%+1.15% ) Fii>10 kDa HIIZHKAK(85.05%+
0.63%), 375 1 mg/mL EDTA(94.30%:=x0.87%) JC .
FHF2ER(P>0.05). LI g RN A MRS, 551
R INIR SR, 43 AR IR ZE I I T8 5
RS R, AT A EHTSE, /N FIRE S SR
Jia A 3R N, W T A R3-SR B A AR
FH, I HAT H A b e b ym e . Qs 7460 dE i
M 5E G438 25 /KK DPPH [ R 3ET5BREE I AN
ABTS"' [ 3L BRAE /1 A B0 T 5 HP U RE
ERFETNAE, Liu 5P 2 EEAR S F R kg 55t
AT TR S HA T S P TR bRE 1. BRIk, AR
PEPES> T-E<3 kDa MRS T 5 2256 .

2.2 FEBRBKIRSNE IR R EEIIE

2.2.1 BB B X IR A K5 A e e A 1 PR 1 5
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FRIZEE 41 B0 SE 505 Bl HSEANIAN )40 2 v 88 () s v %o F
W WK fe A A IR L S Ak Ts P s i, 25 SR N 2
FiRe B 2A RTHN, Zead A IR F 32 i 1a], SRS
K DPPH [ Hi L7 %% 32 A 25 B0 JEA VA B g 155 o iy 4
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=75 €] 2B ATAS EAEIZE R, 2S5% iz B Tl AH R A, s
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FUEAE, 435908 T 35 1 (84.67%+1.65%) | =5 1%
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BRI IHAL T IR IEH ) 6 mg/mL B, Z87%%
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SEAZA A WAL= 1) N OBUR b A A TE
MR, T I KT BEAZ 21 i1 B e i B il G
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o T R SO v LA R FH BE 9 58, Piéalfbie
MELER /R T T 38R kP TE fhRE T g
mTaEEmmElg, (B RE2ER

2.2.2 A[ElEE iz BTl 2% B ks b S A v e
S AN 3A AN, AR ] 2 IR AN TR, R
FRA7IM B i 2 20 AN ARV R ) DPPH. H FH 3L B3R B
Lz asf R R 32 s Ja s TAaE, 552 2 h Bk
Bl KAE, 5338+ 481 (78.21%+1.25%) . &5 1%
(73.26%+0.68%) . [B1%(70.57%=1.16%) . H[E 3B
W AT I, ABTS" H HH JE I bR 2Bl 5% i B ] (19 S <
W, FIFEAE 2 h i3k B 5 KAE, 5051k 1+ =48
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Fig.2 Effect of the concentration of the peptide of the everted

rat sacs mucosal side on the antioxidant activity of the serosal
side peptide solution

(50.64%=1.16%) . &l 3C tLn] 15 BAHILE R, 1E5%
IZEJTE] 2 h B, Fe? 25 3 i i, s JC i 3 25 5+
(P>0.05). HHIL, 2 h kARG THE AL r=) & ¥4
P AT P e A

ZraE 2 FiEl 3 g5 R FR W, 6 mg/mL R AEAK
R SMR 7 TE A= 1) & FE TR A TE PR S AR vk
2 h 2 H/ AU S BN PER Se s Ta]
2.3  FEBRRRTERRRINERRA 2 P AV IR R

ANE 4 Jr7s, LA ERAI BH Rz 28 550 I ok 2 =y
KM FERR, SRR R A 5532 B IR], iz 2 b Hscqm) ke i
Sk 6 mg/mL B}~ 48 7 &5 43 K I 238 (49.63 %+
3.08%) i 3 = T 25 5 (17.30%£2.57%) Fil [1] fi
(12.61%+2.06%) #8453 (P<0.05) , [F) B fizy 245 2 55 4]
6 mg/mL JIR¥EE /N ) I B SR8 B B s (BT Je #A 1
FasE, 260 6 mg/mL JEAMK IR/ INIZ WA 14490 1 1l A
WREE . AnE 5 s, DAz T AL =) AN ]

PERIFZ M
Fig.3 Effect of different transport time on the antioxidant
activity of serosal side peptide solution of everted rat sacs
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27 I+, 6 mg/mL JEAZ KRR/ Nz RIS A7) 46 16
WP, 2 h JEAZR U Nz B i F R (] . /N FG s
SR AR, WS N it/ B
HNHEVEFH, R R 2 5 s A 0 285 Pl A s R 3 1)
e, BRI SE R, B ez ik T AL, I8/ Mg
W i e R
24 KEINEARS 5 R B MIAK2E 2 Nano-HPLC-MS/
MS ¥
2.4.1 KBS PER MR 5353 F 5504 Xt
KRR EE 6 mg/mL WA 2 h + —F8I5HB 0 KR maedg
HEMFEPERR Nano-HPLC-MS/MS Y5245 51 de novo
FEEVERR S PR A TR LR 2, IR 6 nT i, KRS
B0 B IEA 43 F>2 kDa B AKFA] 102 4%, 43T
H 1~2 kDa Y IKFS 6607 25, 4+ T& 0.5~1 kDa [
K 16543 4%, <0.5 kDa BYEKJFS1 2590 4%, K
W 2 WA AZ A IR 21351 55 F & 792 Da, 437 F i
584 Da W AKITH I £, FRIAZHIRFE 28 K BN
R 2 00 N2 e e AN S B S L ET R VS A o
TR, BB RS KRR 5 B 43 Sk /N T IR, BB
FTF/ NGO A3 M

e 1]

>2 kDa ~2kDa 0.5~1 kDa <0.5kDa
K6 K EAIMBHI B RRAMAS 7] 3 R 41 B i o3 A1

Fig.6 Number distribution of peptide sequences with different
molecular weights on serosal side of everted rat sacs

X RRHE 6 mg/mL WU 2 h T ZF8 B84 I ER,
Ji7 5% 3% SIS 74 BK Nano-HPLC-MS/MS % 52 4%
M%) de novo FIGEIRA i 2 S PR 2 Wi iEA T 9L B4,
H & 1 a0, 82T C ¥i/N ¥ 1 Pro. Thr, Leu %%
R T ARSI RR, ARG o AL

—

R RSN SR A P Fr 51 AR S 2 SRR 2 1k
Table 1 Amino acid composition at the end of serosal side

peptide sequence of everted rat sacs

Ala 2208 657
Cys 0 0
Asp 846 233
Glu 2216 1727
Phe 1224 476
Gly 482 474
His 238 1068
Ile 0 0
Lys 2222 2256
Leu 3493 2745
Met 619 577
Asn 751 828
Pro 1089 8796
Gln 800 1785
Arg 377 620
Ser 1183 582
Thr 5018 1262
Val 1865 1425
Trp 713 199
Tyr 319 107

SR S IR A 1 U B 25 2 Wi, K P
12 I TT fE R P AL BE S P i IR, 2E51A
EBNWIGE T e FHTEAL IR A, AER] T 4 Sk
AP R AL TG P 5 LA S PR 2H B i Ak P45 ) 25 DT AR
X, Chen ZEBY F 5% % ¥, His. Cys. Pro, Tyr, Lys
N Arg G RBUAEALIR PR LAY S BE IR0 Al . PRI,
WAL RE T 5 Bk P 2 SR 2H hl s DIAH G

XT R 6 mg/mL W 2 h -+ 48l ER o3 KB
1173 5% 22 AN IS P Ik Nano-HPLC-MS/MS % 5 4%
i de novo FIH IR IEIRA] BRI THE R4, ., 3R 2
W5 i B BB R F S X OIS, 7 i A 4 s
H g 33 45T 8k /N B 50 B W A 1) A2 Ak 105 T 28 K 1)
Nano-HPLC-MS/MS % 45 5%, JIRkaE 8 7 1, Hex)
Fedf 1 HH K 20 2%, PURK 7 4%, 7SR 3 2%, Bk, JL
K. RIRAS 1 S EIEBR AL RY T I, /K P 2 I IR
F TSR, RS K S R S kR T
HE A R T IRAE Mz SE 3 U

27 b, WP RR Y 43 B Bl A T AR OB A T
BFATS, /K PSR S AN W2 5% . Beau 450 JIEHH T
I F (<1 kDa) IKEA md e bis v, 13X T RE /&
SRS IR A AT ARG IE W, TR 2 R
2 B RS WA IR PT AR AL TG PE A G P . Chi 258
HIE T G /KM S R o e v AR RT LA A 5 4
FAB K AR EAE R AR B, HF s i AT
DI TR A 3k, BRI, 575 g RK M2 ki
B e N KT REELAE B P T AUk TE T
2.5 SFXHERFTAZELS DPP-1V HHEEA RINE
LRI E
2.5.1 KEMEIKS DPP-IV AHEAE A WIS RSk
i R BT K PR 2 SR e o LT A TG 1 BTk R S, HL P
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Table 2 Identification of novel peptide from walnut in intestinal intact absorption by Nano-HPLC-MS/MS
TR BRI EL K PR AL R FIKMERIERR Iy Ci/ N
Thr-Val-Pro-Lys 4 Val, Pro Thr, Lys 443.2744 Thr/Lys
Trp-Leu-Pro-Phe 4 Trp. Leu. Pro. Phe - 561.2951 Trp/Phe
Leu-Gly-Pro-GIn 4 Leu. Gly. Pro GIn 413.2274 Leu/GIn
Trp-Ser-Pro-Lys 4 Trp. Pro Ser. Lys 516.2697 Trp/Lys
Leu-Leu-Val-Arg 4 Leu, Val Arg 499.3482 Leu/Arg
Leu-GIn-Pro-Val 4 Leu. Pro. Val GIn 455.2744 Leu/Val
Arg-Pro-Trp-GIn 4 Pro, Trp Arg, GIn 585.3023 Arg/GIn
Glu-Phe-Arg-Pro-Gin 5 Phe. Pro Glu, Arg. GIn 409.2001 Glu/GIn
Lys-Leu-Phe-Pro-Leu 5 Leu, Phe, Pro Lys 539.2139 Lys/Leu
Leu-Gly-Leu-Pro-Phe 5 Leu. Gly. Pro. Phe - 545.3213 Leu/Phe
Met-Leu-Leu-Phe-Val 5 Met, Phe, Val - 571.3403 Met/Val
GIn-Leu-Glu-Pro-Arg 5 Leu, Pro GlIn, Glu, Arg 641.3497 GlIn/Arg
Tyr-Trp-Ser-Pro-Lys 5 Trp. Pro Tyr, Ser, Lys 679.3329 Tyr/Lys
Phe-GIn-Leu-Pro-Arg 5 Phe. Leu. Pro Gln, Arg 659.3755 Phe/Arg
Lys-Leu-Leu-Pro-Leu 5 Leu. Pro Lys 582.4105 Lys/Leu
Leu-Pro-Leu-Leu-Glu 5 Leu. Pro Glu 583.3581 Leu/Glu
Met-Pro-Leu-Asp-Val- 5 Met, Pro. Leu. Val Asp 686.3673 Met/Leu
Arg-Leu-Val-Pro-Arg 5 Leu, Val, Pro Arg 639.418 Arg/Arg
Val-Ala-Leu-Pro-Leu 5 Val, Ala, Leu. Pro - 511.337 Val/Leu
His-Val-Leu-Gly-Leu 5 Val, Leu, Gly His 537.3275 His/Leu
Lys-Leu-Leu-Pro-GIn 5 Leu. Pro Lys. GIn 597.3849 Lys/GIn
Leu-Leu-Arg-Pro-Val 5 Leu, Pro, Val Arg 596.4009 Leu/Val
Tyr-Asp-Leu-Pro-His 5 Leu. Pro Tyr. Asp. His 643.2966 Tyr/His
Val-Leu-Arg-Pro-Arg 5 Val, Leu, Pro Arg 639.418 Val/Arg
Lys-Leu-Pro-Leu-Leu 5 Leu. Pro Lys 582.4105 Lys/Leu
Leu-Arg-Phe-Pro-Leu 5 Leu, Phe, Pro Arg 644.4009 Leu/Leu
Val-Val-Asp-Leu-His 5 Val, Leu Asp, His 581.3173 Val/His
Leu-Pro-Glu-Asp-Val-Leu 6 Leu, Pro. Val Glu. Asp 684.3694 Leu/Leu
Asn-Leu-Arg-Phe-Pro-Leu 6 Leu, Phe. Pro Asn, Arg 758.4439 Asn/Leu
Trp-Ser-Pro-Ser-Gly-Arg 6 Pro. Gly Trp. Ser. Arg 688.3293 Trp/Arg
Lys-Gly-His-Leu-Phe-Pro-Asn 7 Gly. Leu, Phe, Pro Lys. His, Asn 853.4446 Lys/Asn
Asn-Pro-Asp-Asp-Glu-Phe-Arg-Pro-GIn 9 Pro. Phe Asn, Asp. Glu, Arg. GIn 1116.4835 Asn/GIn
Ser-Leu-Pro-Asn-Phe-GIn-Pro-Ala-Pro-Met 10 Leu, Pro, Phe, Ala, Met Ser, Asn, GIn 1116.5273 Ser/Met

e 3BT PR ZEL PR SR 1B /N B KU A T4
%3 A SERIE A IS DPP-IV I FAHEST R

Table 3 Molecular docking results of absorbable peptides and

L. N. H EPraE KR TE 2L, C

Y

;mk/eg/l\/z‘

L = —

FERRS W, Y. F. M. L. I BRREESSHA B T 1G58

DPP-IV
FOLRUTA]  KJE Sy Tk (Da) BavEtE B (%) 2 2 fiE(keal/mol) Z AT EAIETERT . P, XA EE 6 mg/mL 1K
GNPDDEFRPQ 10 1260.5371 TBiE 85 =81 2 h T 35850 R ERIAFEIR AEMITE PEIRIES T Nano-
SLPNFQPAPM 10 11165273 ARE 84 -7.9 ) we o 2E 7 . g T
IRPDEDRQE 9 12435792 ARE 75 -6.7 HPLC-MS/MS 8343 513% 2 v 33 S/ Mgl e i)t
NPDDEFRPQ 9 11164835 FaiE 99 -8.6 AR AZ AR T IR, ArPE B 29 45 BA FRIETE
NIPDTIAR 8 9264821 ARE 75 -1 SIS I 1 E v MR e
KGHLEPN 7 7944075 B 99 6 SAHEIR 1 KT 571) ,#'3 DPP-1V ﬁiﬁﬁ%ﬂﬂ%ﬁi]%@ 3
SERPSYS 7 8243664 FaiE 70 -83 ZE R ANEE 3 N, 3 A S A AR Ik NLRFPL .
SPDQSYL 7  809.3443 ARGE 78 ~6.6 KGHLFPN PDDEFRPO 5 DPP-IV (2268 1
VLLPSPK 7 7524796 ARE 97 -6.8 G AN Q5 MLETey=
TVPGHFE 7 7853708 JaiE 85 -8.3 (A3 510—8.8 . —8.6 F11—8.6 kcal/mol, Kl 1Ht, NLRFPL .
EPDVALL 7. 7354065 ARE 80 76 KGHLFPN #l NPDDEFRPQ J&fE% 5 DPP-IV {344
NLRFPL 6 7584439 HUE 99 -8.8 . " R,
QVRLPR 6 7674766 FaE 77 -8 ZE A R EIRIT A o BREFSEDS oY & B0, FLUEK
KLLPL 5. 5824105 REGE 96 -73 & AT IR % K LPLP 1 QEPV J&ifii) 5 DPP-IV
KLPLL 5 5824185 ARE 90 -7.1 . . k . e
EVDL 4 4742325 AREE 76 —6.1 WEPEESNI A, & A FEHSE AR, JHERr S I EmR 2 AR
AGVE 4 3922050 ARGE 8 75 [FTEL S DPP-IV J&PERLSSESHIC. P, NLRFPL |
AGVI 4 3582216 AEAE 64 -7.1 e Y
EFL 3 4072056 AEGE 8l -6.7 KGHLFPN #iI NPDDEFRPQ E. A5 i 2412 (P) . 41k
IDF 3 3931043 AEUE o4 72 B PEREERR (L. N HD, HEH S 1 ] A
FDL 33931902 AEUE 73 -75 4
IPR 3 3842485 MERGE 84 -6.5 THABKRFS .
IPF 3 3752158 ARE 63 -7.5 ey O 4 20 PRI N PESN p
el s amoals FEA sy o 2.5.2 IEHEMPUAELLEE I HEEL 0.2 mg/rilL A i
EIL 3 3732213 AREE 92 6.9 BRHEEE, 43 5%F 3 Fh DPP-1V 455528 ka3 T T4t
LDL 33592056 ARGE 96 6.1 AL B S = . S R s HE
DL Y %0005 FEE 71 s AALRE S IE . Hh A 7A‘T%ﬂ, LA GSH y FHPEXT ],
MPI 33591879 AEE 76 =55 3 R AKAY DPPH H 2 ¥4 Bk % 43 51| &4 KGHLFPN
FPF 3 409.2001 AEE 60 -7.8

(66.32%+1.03% ). NLRFPL(60.21%+1.96% ). NPDD-
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Fig.7 Determination of antioxidant capacity of DPP-IV
binding peptide

EFRPQ(43.25%+2.43%), KGHLFPN [ DPPH [ H
HE kR 1 B35 T NPDDEFRPQ F1 NLRFPL(P<
0.05), HEl 6B AIHI, 3 FHKAY ABTSH HHIEIEBR
4y 5] i KGHLFPN( 52.32%+2.03%) . NLRFPL
(50.21%=+1.99%) . NPDDEFRPQ( 32.25%+2.43%) ,
KGHLFPN 1y ABTS'H H &5 brGe 1 & & T
NPDDEFRPQ(P<0.05), W% = F NLRFPL {HJC i 2
257 (P>0.05). AE 6C AT JI, KL EDTA A FHM: %7
], 3 FhAKAY Fe? #8634 528 KGHLFPN(70.32%+
1.53%) . NLRFPL(65.21%+2.98%) . NPDDEFRPQ
(50.25%=+3.03%), KGHLFPN 14 Fe* ¥4 fe )1 B35
= T NPDDEFRPQ(P<0.05), &= 7 NLRFPL {H G
WFE225(P>0.05), Hitt, KGHLFPN 2 fbimk
BAERIRRT S
3 iR

AL G T K AN s ek A pe E A e 1 e
(DPPH [ HHEHER . ABTS H LIRS . Fe¥ #%
43%), FIFH Nano-HPLC-MS/MS FIALL 512457

A, ik B ALK ) NG RS AIE S5 AR AT £
FEYIHE 6 mg/mL, WUKHTA]h 2 h, ik S
DPP-1V &5 & a2 H ¥yt A b fe 1 fe A 0 A Bk U8 ik
KGHLFPN, e D gE R 75/ Mg B A L A)E
PR FHA L A8 B R A B MBS e B 3R, R
Fr R /N o B P AZ R VR BT AL AR A i =
%, SR, ARWFoE TR ARG EEIR RIZA K KGHLFPN
B AL, PR AR K KGHLFPN W IS0 g 145 A
WGHE A A Rt —2B 5T, [FRS XK KGHLFPN
PR PN A B D RE A R —2 B

B 3Lk

[ 1] ONUHJ O, ALUKO R E. Metabolomics as a tool to study the
mechanism of action of bioactive protein hydrolysates and peptides: A
review of current literature [J]. Trends in Food Science & Technolo-
gy, 2019, 91: 625-633.
[2] CHATTERTON D E W, RASMUSSEN J T, HEEGAARD C
W, et al. In vitro digestion of novel milk protein ingredients for use
in infant formulas: Research on biological functions[J]. Trends in
Food Science & Technology, 2004, 15(7-8): 373—-383.
[3] ZmE, M EA4F, SRR B A ROPEST B 09 5 R & SEAE
ALl 7], 314 B AR 5 4R, 2017, 29(5): 1481-1488. [ WANG Lix-
ue, XIE Yuhuai, ZHANG Guiguo. Application and mechanism of
phytogenic antioxidant[J]. Chinese Journal of Animal Nutrition, 2017,
29(5): 1481-1488.
[4] Zk. BRI AR My AE 5T 2 A R R R 89 % v 2
¥ A iE ALk e AR & (D). de = .oF B R &k K F, 2016.

[ WANG Bo. Effects of structural characteristics of casein antioxi-
dant peptides on their bioavailability and transmembrane transport
mechanism[D]. Beijing: China Agricultural University, 2016. ]
[5] LACROIX IM E, CHEN X M, KITTS D D, et al. Investiga-
tion into the bioavailability of milk protein-derived peptides with
dipeptidyl-peptidase IV inhibitory activity using Caco-2 cell mono-
layers[J]. Food & Function, 2017, 8(2): 701-709.
[ 6] HUANG F, NING M, WANG K, et al. Discovery of highly
polar f-homophenylalanine derivatives as nonsystemic intestine-tar-
geted dipeptidyl peptidase IV inhibitors[J]. Journal of Medicinal
Chemistry, 2019, 62(23): 10919-10925.
[7] fREM, F4aFE. —hEARBNVNO > FADFHEERELS %
ARG R AR AR IR EH T AE,2020,36(12): 1831-
1834. [ ZHENG Tianpeng, CHEN Yujie. Molecular characteristics
of dipeptidyl peptidase IV and its relationship with immune system
[J]. Modern Medicine and Hygiene, 2020, 36(12): 1831-1834. ]
(8] wsUE. w9l b e B3R & AL B R = BOK AR Bs- [V 34 K
8 0% R R ERAFR [D]. 9. R T X5, 2021. [ TIAN Wen
Hui. Screening and activity of angiotensin converting enzyme and
dipeptidyl peptidase-1IV inhibitory peptide in beer[D]. Kunming:
Kunming University of Science and Technology, 2021. ]
[9] SUZUKI Y, ERICKSON R H, SEDLMAYER A, et al. Di-
etary regulation of rat intestinal angiotensin-converting enzyme and
dipeptidyl peptidase IV [J]. American Journal of Physiology-Gas-
trointestinal and Liver Physiology, 1993, 264(6): G1153—G1159.
[10] REH, EARF, BAMK, F. BB FEATHKRE G EF B A5
B B 42 R 1], A4 AT R, 2019,42(2):99-103. [ ZHAO
Xueli, WANG Shuiping, MA Chunlin, et al. Effects of oxidative
stress on the body and the regulation of Berberine[J]. Feed Re-
search, 2019, 42(2): 99-103. |

[11] # AR &R TR R AT F MR 90 A B SR & 2
JitL .= NF-xB1/miR-144-3p/FOXP1 #hé54F /A [D]. ¥k & T#H K


https://doi.org/10.1021/acs.jmedchem.9b01649
https://doi.org/10.1021/acs.jmedchem.9b01649
https://doi.org/10.3969/j.issn.1009-5519.2020.12.016
https://doi.org/10.3969/j.issn.1009-5519.2020.12.016
https://doi.org/10.1152/ajpgi.1993.264.6.G1153
https://doi.org/10.1152/ajpgi.1993.264.6.G1153
https://doi.org/10.1152/ajpgi.1993.264.6.G1153
https://doi.org/10.1152/ajpgi.1993.264.6.G1153
https://doi.org/10.13557/j.cnki.issn1002-2813.2019.02.029
https://doi.org/10.13557/j.cnki.issn1002-2813.2019.02.029
https://doi.org/10.13557/j.cnki.issn1002-2813.2019.02.029
https://doi.org/10.13557/j.cnki.issn1002-2813.2019.02.029

%443 5 23

RN AF R BRI NI TS5 R e S A e A - 345 -

%, 2022. [ ZHENG Dongdong. Oxidative stress injury and py-
rodeath of endothelial cells induced by tert-butyl hydrogen perox-
ide: Role of NF-xB1/miR-144-3p/FOXP1 axis[D]. Changchun: Jilin
University, 2022. ]

[12] BT fetrFimBBE-1 34008 R B 5 SR PR
I R g W R A AR R BRI AR R (D], b F B EAR R, 2022
49-59. [ JIAO Xue. Regulation and mechanism of heme oxyge-
nase-1 on chronic pulmonary obstructive pulmonary disease in-
duced by cigarette smoke extract[D]. Beijing: China Medical Uni-
versity, 2022: 49-59. |

[13] LOBO V, PATIL A, PHATAK A, et al. Free radicals, antiox-
idants and functional foods: Impact on human health[J]. Pharma-
cognosy Reviews, 2010, 4(8): 118—125.

[14] YANG J, FANG L, LU H, et al. Walnut-derived peptide en-
hances mitophagy via JNK-mediated PINK1 activation to reduce ox-
idative stress in HT-22 cells[J]. Journal of Agricultural and Food
Chemistry, 2022, 70(8): 2630-2642.

[15] ZHAOF, LIU C, FANG L, et al. Walnut-derived peptide ac-
tivates PINK1 via the NRF2/KEAP1/HO-1 pathway, promotes mi-
tophagy, and alleviates learning and memory impairments in a mice
model [J]. Journal of Agricultural and Food Chemistry, 2021, 69(9):
2758-2772.

[16] E#, F 24, Hb, F. 2K G WEEEEILE T LA
MR dR A4, 2022, 30(3): 105-112. [ WANG Wei, LI Yajuan,
JIANG Yue, et al. Enzymatic hydrolysis and decolorization of Wal-
nut protein[J]. Science and Technology of Grain, Oil and Food, 2022,
30(3): 105-112. ]

[17] SARMENTO B, ANDRADE F, SILVA S B, et al. Cell-based
in vitro models for predicting drug permeability [J]. Expert Opinion
on Drug Metabolism & Toxicology, 2012, 8(5): 607—-621.

[ 18] YANG H, ZHAI B, FAN Y, et al. Intestinal absorption mech-
anisms of araloside A in situ single-pass intestinal perfusion and in
vitro Caco-2 cell model [J]. Biomedicine & Pharmacotherapy, 2018,
106: 1563—1569.

[19] SWAAN P W. Recent advances in intestinal macromolecular
drug delivery via receptor-mediated transport pathways[J]. Pharma-
ceutical Research, 1998, 15: 826—834.

[20] BRONNER F. Calcium absorption-a paradigm for mineral
absorption[J]. The Journal of Nutrition, 1998, 128(5): 917-920.
[21] spakak, &5, BRI, . BRIEHAT b 30 AN & M B RE B BR
5wy A 5T [J]. R = S 1,2022(14): 1-4, 9. [ QIU Yanyan,
YU Qian, YUAN Qi, et al. Study on antioxidant activity and fatty
acid components of kiwifruit seed oil[J]. Agricultural Products Pro-
cessing, 2022(14): 1-4,9. ]

[22] GAMBINI J, INGLES M, OLASO G, et al. Properties of
resveratrol: In vitro and in vivo studies about metabolism, bioavail-
ability, and biological effects in animal models and humans[J]. Ox-
idative Medicine and Cellular Longevity, 2015: 2—10.

[23] BOISEN S, EGGUM B O. Critical evaluation of in vitro
methods for estimating digestibility in simple-stomach animals[J].
Nutrition Research Reviews, 1991, 4(1): 141-162.

[24] Z&, x4, B35, Lo 30T S 8R4 it 69 S I AAR SP 4L AAL
& s (0], 94k R A, 2022, 61(18): 173-179. [ LI Tao,
LIU Ting, ZHOU Qiong. Extraction of flavonoids from seeds of cer-
atoides chinensis and determination of antioxidant activity in vitro
[J]. Hubei Agricultural Sciences, 202, 61(18): 173-179. ]

[25] TA. BEKREHERS RETOK M X ZMA[D]. K
F.EF MK F, 2018:53-60. [ DING Long. Study on structure-ac-
tivity relationship between structure identification and complete ab-
sorption of egg white peptide[D]. Changchun: Jilin University, 2018:

53-60. ]

[26] %) g, Hbbid & & & H R BACRK0) 2 B 4uAe 55 2 etk A
7% [D]. k& TR LK Z, 2017: 10—-19. [ LTU Wei. Separation,
purification and functional properties of Walnut albumin and its an-
tioxidant peptides[D]. Changchun: Jilin Agricultural University,
2017: 10-19. ]

[27] YANG Y, TAO G, LIU P, et al. Peptide with angiotensin I-
converting enzyme inhibitory activity from hydrolyzed corn gluten
meal[J]. Journal of Agricultural and Food Chemistry, 2007, 55(19):
7891-7895.

[28 1 SONG W, KONG X, HUA Y, et al. Antioxidant and antibac-
terial activity and in vitro digestion stability of cottonseed protein
hydrolysates[J]. LWT, 2020, 118: 108—120.

[29] ZHANG J, LI M, ZHANG G, et al. Identification of novel
antioxidant peptides from snakehead (Channa argus) soup generat-
ed during gastrointestinal digestion and insights into the anti-oxida-
tion mechanisms[J]. Food Chemistry, 2021, 337: 179-191.

[30] WEI G, ZHAO Q, WANG D, et al. Novel ACE inhibitory,
antioxidant and a-glucosidase inhibitory peptides identified from
fermented rubing cheese through peptidomic and molecular dock-
ing[J]. LWT, 2022, 159: 113—196.

[31] RBT, MEE, IS, F. RHEWRBEEFMFTRRS
FERENBEGRBKRIER AR BT T[T]. % s
Ji B #m 3 4R, 2022, 13(12): 3780-3786. [ GUAN Haining, XU
Xiaojun, SUN Weiting, et al. Study on the emulsification and antiox-
idant activity of hydrolytic peptides of soybean protein isolate with
different molecular weights under ultra-high pressure coenzyme
method [J]. Journal of Food Safety and Quality Inspection, 2022, 13
(12): 3780-3786.

[32] LIUM C, YANG S J, HONG D, et al. A simple and conve-
nient method for the preparation of antioxidant peptides from wal-
nut (Juglans regia L.) protein hydrolysates[J]. Chemistry Central
Journal, 2016, 10(1): 1-11.

[33] £#fk, & 2, KA, F. 5 2SR ) & R IALH 1
47 [J/OL]. ¥ E#ib 524k 1-21[2023-04-04]. http://kns.cnki.net/
kems/detail/11.2864.7S.20220610.1711.007.html. [ IANG
Yingjun, FENG Yuchao, ZHANG Shu, et al. Preparation and phy-
sicochemical properties of antioxidant peptides from mung bean
[J/OL]. Journal of China Grain and Oil: 1-21 [2023-04-04]. http:/
kns.cnki.net/kems/detail/11.2864.TS.20220610.1711.007.html. |
[34] CHEN N, YANG H, SUN Y, et al. Purification and identifi-
cation of antioxidant peptides from walnut (Juglans regia L.) pro-
tein hydrolysates [J]. Peptides, 2012, 38(2): 344—349.

[35] BEAU I, BERGER A, SERVIN A L. Rotavirus impairs the
biosynthesis of brush-border-associated dipeptidyl peptidase IV in
human enterocyte-like Caco-2/TC7 cells[J]. Cellular Microbiology,
2007, 9(3): 779-789.

[36] CHICF, CAO Z H, WANG B, et al. Antioxidant and func-
tional properties of collagen hydrolysates from Spanish mackerel
skin as influenced by average molecular weight [J]. Molecules, 2014,
19(8): 11211-11230.

[37] WATTANASIRITHAM L, THEERAKULKAIT C, WICK-
RAMASEKARA S, et al. Isolation and identification of antioxidant
peptides from enzymatically hydrolyzed rice bran protein[J]. Food
Chemistry, 2016, 192: 156—-162.

(381 Fi#s, Fdide, FHIR, 5. ZAPSLIR A 4 B PR 09 Ak
-V ) AT R[], F B 5L Tk, 2018, 46(2): 4-8. [ CHEN
Jing, LI Wanru, LI Fusuo, et al. Study on the inhibitory activity of
dipeptidyl peptidase IV of three milk bioactive peptides[J]. China
Dairy Industry, 2018, 46(2): 4-8. ]


https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1021/acs.jafc.2c00005
https://doi.org/10.1021/acs.jafc.2c00005
https://doi.org/10.1021/acs.jafc.0c07546
https://doi.org/10.1023/A:1011908128045
https://doi.org/10.1023/A:1011908128045
https://doi.org/10.1093/jn/128.5.917
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.030
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.030
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.030
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.030
https://doi.org/10.1079/NRR19910012
https://doi.org/10.1021/jf0705670
https://doi.org/10.1186/s13065-016-0148-1
https://doi.org/10.1186/s13065-016-0148-1
https://doi.org/10.1016/j.peptides.2012.09.017
https://doi.org/10.1111/j.1462-5822.2006.00827.x
https://doi.org/10.3390/molecules190811211
https://doi.org/10.1016/j.foodchem.2015.06.057
https://doi.org/10.1016/j.foodchem.2015.06.057
https://doi.org/10.3969/j.issn.1001-2230.2018.02.001
https://doi.org/10.3969/j.issn.1001-2230.2018.02.001
https://doi.org/10.3969/j.issn.1001-2230.2018.02.001

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 不同分子量核桃肽抗氧化性的测定
	1.2.1.1 DPPH自由基清除能力的测定
	1.2.1.2 ABTS＋自由基清除能力的测定
	1.2.1.3 Fe2+螯合能力的测定

	1.2.2 构建大鼠离体肠囊外翻模型
	1.2.3 肽吸收率测定
	1.2.4 核桃肽体外消化产物抗氧化能力测定
	1.2.5 Nano-HPLC-MS/MS分析
	1.2.6 分子对接
	1.2.7 合成肽制备及抗氧化活性测定

	1.3 数据处理

	2 结果与分析
	2.1 不同分子量核桃肽抗氧化能力测定
	2.2 核桃肽体外消化产物抗氧化能力测定
	2.2.1 核桃肽浓度对浆膜侧肽溶液抗氧化活性的影响
	2.2.2 不同转运时间对浆膜侧肽溶液抗氧化活性的影响

	2.3 核桃肽在大鼠外翻肠囊中的吸收情况
	2.4 大鼠外翻肠囊浆膜侧肽组分 Nano-HPLC-MS/MS鉴定
	2.4.1 大鼠外翻肠囊浆膜侧肽组分分子量分布

	2.5 分子对接探究核桃肽与DPP-IV相互作用及抗氧化肽筛选鉴定
	2.5.1 核桃肽与DPP-IV相互作用
	2.5.2 活性肽抗氧化能力测定


	3 结论
	参考文献

