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Abstract: In order to investigate the antioxidant activity and structure-activity relationship of casein-derived heptapeptide AVPYPQR in
different systems, the antioxidant activity of AVPYPQR and its related fragments PYPQ, PYPQR, VPYPQ, VPYPQR and AVPYPQ were
compared in this study using in vitro chemical assays and cellular models. The results showed that the six peptides exhibited higher ABTS free
radical scavenging activity and oxygen radical absorbance capacity (ORAC) than the standard antioxidant, Trolox. The co-occurrence of Val, Ala
and Arg residues led to a reduced ABTS radical scavenging activity of AVPYPQR, while the presence of Arg residue resulted in an enhanced
ORAC. In the cell oxidative damage model, all the six peptides offered protection against AAPH-induced erythrocyte hemolysis. Among which,
AVPYPQR exhibited the greatest protective effect, and the presence of Ala and Arg residues improved further such an effect. In HyO,-induced
HepG2 cell oxidative damage model, all the peptides showed (p < 0.05) significant protective effect except for PYPQ, and the Ala, Val and Arg
residues could enhance the protection but without an addictive effect. In summary, all the peptides, except for PYPQ, had strong antioxidant
activity in both in vitro chemical assays and cellular models, but no significant correlation was found among the detected activities in different
assays. The influence of Val, Ala and Arg residues on the antioxidant activity of AVPYPQR varied between analysis assays.
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HTFZKBF S & Tyr 7k2E. EIR AVPYPQR 7E
AMEF A BRI, (H R KA E A At
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FRFR AL Val(V)Fl Ala(A) LA S B Z SE IR TR IE Arg(R)XT
ZRK PR TE S R . Rk, AT
AVPYPQR 125, Wil& e T R &K E, R
PYPQ. PYPQR. VPYPQ. VPYPQR #l AVPYPQ,
ELEHIE TR T IX 6 252 KTE ABTS i%:. ORAC %, AAPH
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5, [FIN%%2T Val. Ala 1 Arg FREEHIFEAER Ham Pk
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6-F23£-2,5,7,8-PU F L 4 5t -2-FR 2 (Trolox) .
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2,2-BR-— (3- B FRFFMEME-6- 1T ) — 4 ERh(ABTS)
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1.3 L3Ik

13.1 ABTS A & A & KR 4 A ( Trolox
equivalent antioxidant capacity, TEAC) 7%

ABTS - AFRIMECH]: K 7 mM ABTS &5
245 mM BRI SABURS, 7SR TE 12~16
h. AT, SRH] 50 mM pH=7.4 BRRZEM L ABTS
AP RS A2 (B 50 uL pH 7.4 BEFRZE MR S
150 uL ABTS- FFSRIIR AT 7 734 nm R IR
FEAEA 0.70£0.02. SRJEHT 150 uL #ke 5 1) ABTS %
5 50 pL ¥RERN 50 puM 122 BRRE S VA VRAE 96 TfL
B30 C R &M 30 min, 4§ 6 min JE— KA
PAIASTEIIR FE R Trolox ¥4 (30+ 6090+ 120 A1 150 uM)
AR L2 ARVETE N Trolox BH NS R4

ABTS HHIEERE (%) = A‘[A'AS x100%

0

R A) ATAENTORE, A, % RIFERALEER
B

DA Trolox FIHE RN ABTS 5 B g 37 EH 2R a1 5
&, ARAE R REHE 2 KRR Y ABTS 16BR2, 45
LA Trolox 24 (Trolox equivalent, TE) 3R, B pmol
TE/umol £ .
132 #.fgwARIAE D (oxygen radical
absorbance capacity, ORAC) %

I NALE 75 mM pH=7.4 B R ZE A R P HEAT
H4 20 uL IR FE 9 40 uM 1 22 IRFE A R 120 pl 249K
FE29 70 mM RIEFIER RN 96 FLARE e (FF
fh4L), 7837 CTREEFE 15 min J5, BN 60 pL 29K
912 mM AAPH ¥, &% 30s, R KERZ
IHREBLEN, LR K 485 nm AR K 520 nm,
BTN E . 4 1 min 03— RTOBME, T3
100 min. 235 LL 20 uL pH 7.4 BERRZE M BAIAS [F)IK T

(20. 40. 60. 80 A1 100 pM) Trolox JERACHE £ ik
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PL Trolox HIMEE AN net AUC ZENT HZR [T T FE,
AR FE 2K ORAC {8, Z53LL Trolox
% (Trolox equivalent, TE) 3J~, HJ pmol TE/umol
B
1.3.3 AVPYPQR A4 h Fxd AAPH 57 Afn
21 gm0 ARG 6 5 R 7S o)

VBT B A R RN LR T 3 2 R L
H1, 4 °C, 3000 r/min F&0 10 mine HU 3, A
pH=7.4 PBS (137 mM NaCl, 2.7 mM KCl, 8.1 mM
Na,HPO, fll 1.5 mM KH,PO,) ¥&iEYE 4 %, Bl—5%&
BRI AEITE, H PBS Ml A 10%MIEF . B
100 pL AT 96 FLANRRE TR+ . A 50 uL
WEEN 1 mM (1) 2 ERE i CFE 2D B PBS(AAPH
HOT 37 CHAMIEFRFEHEEFE 30 min, FAIA 100 pL
(1] 200 mM AAPH ¥, 137 C FHANMS 3h. B
200 pL METAHM B, M 1 mL PBS ik, fE
4 “C, 3000 t/min F&» 10 min. HL 200 uL _EIERT
96 FLFE AL, R Z IR i AGE 540
nm NRIEAE, BRI Agumpte BURH FRAFR 1 2140 A S MR
N 1T mL (174 CHUABAUKIEYN A REL, [
ZAF T A ERE MO EEEN Asatero

A'am €
VI (%) = A’—"‘xlOO%

‘water

1.3.4 AVPYPQR A4 i B3t Hy0, 55 HepG2
2 it B AARAS 6 PRAP A )

¥4 HepG2 AHMIEEFITE S 10% FBS. 100 pg/L #E%57
ZM 100 U/L F5 8 51 DMEM Ki3:3ed, 7637 C.
5% CO, THESSFRF TR TR BOTE A K4, LA
1x10* AALEFNT 96 LI, T 37 °C, 5% CO, Kk
FAHPREFR 24 ho RBRREFREL, M 100 uL 2 RKIKFE
950 uM IR FRES, S EXIRZE NN 100 pL Zehilisy
Fre¥E, KiFt 24 h. LPpEEFEE, fiH PBS[pH 7.4
basic(1X), gibcol¥eisk 1 . KH MTT £ E 2 Rk
TR, AFLIIA 100 pL 0.5 mg/mL ) MTT V&,
Bt 4 h, KBpERFREE, BALIMA 150 pL —FHERTEAR,
%% 10 min, 570 nm K FIE RO EEE .

A
YIAETE F (%) = A—‘” x100%

control

HF: Agmple 7 5 LGB IEAL, Ao A E AXT
FB. 48 49 B AR

BOMHA K gnp, LA 1x10* ANFLERT 96 fL
B, B59% 24 he LBp¥EFREE, SR 100 uL
FeRlE AL, H0, B BN H0, ¥RE A 700,
900, 1000 F1 1200 uM F5F73E, #if% 4 ho ZFRREFREE,
i PBS ¥eisk 1 . (R LR MTT v e 4073
o DIAHMIAAE RIET 50%0 HyO, WP A st
PR o

8 FH i3S H0, BAGIRFE R & 6 2% 2 Bkt
HepG2 401 ] o« BOSHUE KL, LL 1x10°
ANFLERT 96 FUR, 1597 24 ho ZBRKRIRE, =H
SHRZHASHALINA 100 uL [OFEREREFRIE, 2 FE
L5 BN 100 pL X REAKZEIE N 25 1M [R5 773,
BE9% 24 ho LBpBEFREL, A XTI 100 puL Zefili
Brdk, BHAMZREERAIIA 100 L H0, 3RS
BOGRE R RS, 045 4 he A BIR MTT ¥
D A HLATTE

L4 B

B A e ) B =R, 45 R LTI AR A R
FFIR . BEK ] IBM SPSS Statistics 20.0 (SPSS Inc,
Chicago IL, USA) #HT 5K 37 227347, 37 LA Duncans
2 AT RE R (p<0.05).

2 ZR51He

2.1 AVPYPQR B A8k f By 2 (U4 i

Fi% A TE-BIE AVPYPQR A HAH 5 1 T4 KB
FAMEANER | B, BRI . AR
SEHL R (R UK. nTRLE T, X 6 KR
HH 4 & 7 MRASERRRILH R, AR AT 503.24
%4 829.44 u 8], TMHKYELE 7.78 #] 10.09 keal/mol
Z i, PYPQ HIHR/KMAE N 8.24 keal/mol, 7EFL N ¥
N Val(V)5REAR 2 Z Ik VPYPQ, Bk HAE >,
797.78 keal/mol, TEHIIKEL ] Val(V)5REE T A N
Z KK . Eb PYPQR AT VPYPQR [HGi /K P &
PUAR R . AHEE T 2K VPYPQ, ZJik AVPYPQ
(RER K PRGN, 9 8.28 keal/mol, THIAKELH Ala(A)
BRIEIAINZ IR AI2R/K M . L VPYPQR 1 AVPYPQR
(1) B3 7K P R BLAH [ ) B . PYPQ . VPYPQ Al
AVPYPQ HI5HL 555058 5.164 5.51 F15.48, 4/
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7 MY C N Arg(R)FREE G, SHSAT 7,
89.53, [FEIRTE AT 0 48 1, ULEIHGIN Arg(R)
Ja, ZAMKANTEMERR. [FIRF, AVPYPQR. PYPQR

1 VPYPQR [HE/KMAER K, 5148 10.09. 10.05
F19.59, UiHATE C 5N Arg(R)FRIEZ 5, HopKi
Ba5m, BENBUK XA T ER H HAEE .

F 1 AVPYPGR RH FERIBIL MR
Table 1 Physical and chemical properties of AVPYPQR and its fragments

% IkR-3) %5 *E  AASFEEM FRE AR HKK/(keal/mol)*
Pro-Tyr-Pro-GIn PYPQ 4 503.24 5.16 0 8.24
Pro-Tyr-Pro-Gln-Arg PYPQR 5 659.34 9.53 1 10.05
Val-Pro-Tyr-Pro-GIn VPYPQ 5 602.31 5.51 0 7.78
Val-Pro-Tyr-Pro-Gln-Arg VPYPQR 6 758.41 9.53 1 9.59
Ala-Val-Pro-Tyr-Pro-GIn AVPYPQ 6 673.34 5.48 0 8.28
Ala-Val-Pro-Tyr-Pro-GIn-Arg AVPYPQR 7 829.44 9.53 1 10.09

JE: * Sl B AeB KA L P 3 hitp:/www.tulane.edu/~biochem/WW/PepDraw/index.html #3453, H o BACH 2 F5—FIRMK
FIRFE B RIS e F B AT E TG B B AL, AT Wimley-White 47/ 3+ FAF2].

2.2 AVPYPQR KA i Bcfe ABTS i By 04,

b7
gz.o- ab 7 , V

PYPQ I PYPQR I VPYPQ I VPYPQR I AVPYPQ IAVPYPQR
(&1 AVPYPQR R E FrEZTE ABTS SEHHY/ERR ABTS - JEIE
Fig.1 The ABTS"- scavenging activity of AVPYPQR and its
fragments in ABTS assay

E: FERRATEFLE p<0.05, TFR.

ABTS -3 bR M2 B A FH (144 2 s B 4R
s Rz —. B 1 23T AVPYPQR KHAHKH
Bt ABTS - i5RRIE M. TE [HERZIKH ABTS- ¥
Bavh 1 5 R S5 R R VR FE 1) Trolox HILLAR, fEBk, Wit
BHTE YRR, MEIHRTLUEH, X 6 42k TE (&
#KT 1 pmol TE/umol, 87 6 22 kIt s TE
o T bR dEPL A AL Trolox . b PYPQ % K&
ABTS - [{IRE /153, TE {E 4 2.08 umol TE/umol, fij
AVPYPQR ik ABTS-fIfit 1559, TE {6N 1.65
pmol TE/umol. IX 6 2k Z K35 & A — AN iE PR IR
Tyr BkFE, 5k b ROmY £25E AT DASE fit B 30 5
ABTS ™", J2iX 6 2 2 i35 BA TR SRS K ABTS 1)
BE A1 3 F . Ohashi Y 25/ 2IHF 5t th & I LA 1R 5
(i ABTS ™ H HESE R =K, HaHESE5H Tyr
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ABTS ¥EH, 6 % Z KT EMEE 2 Tyr KR4
K. Val, Ala Tl Arg FRIE IR S50 2 K (SRR KPE,
NI Z M AL KA P AR E F 7 H,  (HAN R S a b
TEVER R EER R, T H AN SRR R SR R ot g
IKPEFZMAAK, it IS TSR B 50
{22, 5 PYPQ MLk, AVPYPQR [ TE {f &3 [,
VLAY 3 NRIERRIEEEFIRAFERT, AVPYPQR 3%
ERTE A

2.3 AVPYPQR R A f Bt ORAC i # By 4L 4,

v T

K ORACIENIE T 6 22 kiR ROO- &1,
ZERUNPE 2 fizn. ORAC Vel YA N ROO- &
BREE ST —FhPria ALiE T Tk X 6 A2 RRTERR
ROO-ff] TE {E# AT 1 pmol TE/umol, HH4 PYPQR
() TE {H# s, AVPYPQ [ TE fH5AK, 2518 2.27
F111.47 pmol TE/umol, X UEEHIX 6 2 MKiEREE ROO- (1)
T S = T AR AE DU Trolox, PYPQR (iR
ROO-JE M. £ ORAC =, HAMEIEN Tyr
ATLAS [ 2 S A BB R RS, F T 2R 3R



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

RN, i E R INRSE, AIMTBENT 1 B AL B
ARJM. Bk, X 6 FZIRPH Tyr FIFEZIER
ROO- (ML EIEIR, H133X 6 K ZIKTE ORAC ¥+
HARBRIHTELT . Power O I MHZ R AK
e 5 SR B BRI B ROO- ISR 2 Ak,
It 2 ARAGIETE 5 A Tyr B,
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NN
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051
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PYPQ I PYPQR I VPYPQ IVPYPQR I AVPYPQ IAVPYPQR
[l 2 AVPYPQR R EL 5 ES7E ORAC JEHRYIERR ROO - FEME
Fig.2 The ROO- scavenging activity of AVPYPQR and its
fragments in ORAC assay

Fbi £ ik VPYPQ #1 AVPYPQ. VPYPQR Al
AVPYPQR ] TE{H, KIIKEEH N Val 5% TE (&
B, AFFHER ROO-. LLEZHL VPYPQ A
AVPYPQ. VPYPQR Al AVPYPQR [{] TE 15K H B3
Pz, UIBHRKBCRIE I Ala FRFEXHIERR ROO-fE
TR REMER . W ELE PYPQ 1 PYPQR.
VPYPQ #1 VPYPQR. AVPYPQ Fl1 AVPYPQR f¥] TE
B, KILRA AVPYPQ H4/I Arg 5 A:TE . AVPYPQR
iF, L TE 3G, fHALPI4 TE [EHE A & E
St UL Arg FRIEAALEN] LIEFE 2 Ik AVPYPQR iR
ROO-IfE /1. K, 7E ORAC £+, Val BRIEHIFFAE
PR FLIERR ROO-VEM:,  Ala FRIEX HIE A 52,
1M Arg FRFERAINZ Ik AVPYPQR PTG

24 AVPYPQR R X j Bt AAPH % 5 At 21

2 HL 494 v PR3P 1R AL

AAPH 75 5 N ML 21 48 o 375 1fn A5 7Y A5 400 48 g oy
ROO- i AN FE. AAPH 74 ROO-, A LU
HEABERE b AR P A, S A BN A K 5T
SEIAE M. AVPYPQR K IHLAHFRL BT AAPH 7
SR MM A B R E R, Wil 3 fs. 1E
KA AAPH i, IEH A EmRAERE, A AR
1.65%, UiBHIMZI4MafE PBS AR iasE, 1
37 CIWFE 3 h HEARAERAEBNING . SN T
AAPH HBHTHEMSUSG 3h G, WEIEEINZE 40.37%.
XEEE T AR AAPH # fif 5= A2 (1)

ROO- X, SRR AR MMIIG . (Hi2&, 4
[ea) ML 2T 200 B AR IR 2 22 KPR I B I AAPH i
1TH05, FLEE AR FEARXNT T AAPH 2H U 2 25 14 PR,
T IERAE 21.26%~31.78%2 11, 5 AAPH 4 EA &3
PEZESE, BEHIX 6 252 KA Ry NI £L 4t i e T
AAPH #5HHIRCR . TEXEZAkF, AVPYPQR Tifx
PR MR BRAR, O 21.26%, BB Z Bk R4
AAPH 175 5 FI A A0 R B Ut

45 -
40+
35
30+
25+
20
15+
10+

WL /%

PBS AAPH PYPQ PYPQR VPYPQ VPYPQR AVPYPQ AVPPQR
[&] 3 AVPYPQR K EL B %} AAPH 15 S I 41 ZBBA M AR
A
Fig.3 Protective effects of AVPYPQR and its fragments on
AAPH-induced hemolysis in human erythrocytes
P LE#: PYPQ F1 VPYPQ, PYPQR 1 VPYPQR
PRI, RIZ KA Val Fks, iR,
XF AAPH 175 5 BN IfLZT4H B af iRy R4 B8O B AR . 9
15 Ala Fl Arg FRFIEXT AVPYPQR (R4 R 52,
¥ AVPYPQR i 113543 7) VPYPQR A1 AVPYPQ
PILLER, I Ala F Arg FREMIAFEER S EIRIK T 2
Ik AVPYPQR I ILZE, 3458 | 2 IKORY AAPH 53
MLTAH AR R« 1ZFEAT ORAC & A
8L, HEMEH TN IEER 2 LA R ROO- H AL RE
KN PUAEATE

2.5 AVPYPQR EK A i Boxf H.0, %5 HepG2

26 H, AR 1% B9 % o

K] 4a y HepG2 4HARZEV LA 700, 900, 1000,
1200 M H0, 1% 4 h G54k, FiE H0,
WEERISEIN, ZMHAFE R 2 H0, B &K
700 uM I}, 4HMIAFIEHA 100.52%, 525 AXTHRA %
AREEZES . 1 H0, R 900 uM B, A7
KN 64.38%, HEAMBAEEERNZER (p<0.05),
PRI, 6 FH 900 uM ¥ HyOp W FEAE AR E . MK
4b HF tH, HepG2 ZHMIZERKIKIEN 50 puM 574
TR 24 h, LRGSR ERA LR, HRES57
FIXTRZEAHLL, WA S B ER . B, N
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HepG2 4HH7E 6 2k 2 IR EE N 50 uM 2 DL )85 95 3%
HEEFE 24 h ), SBEFIEEVE RS B R .

Q\\o 100:
5 W / /
b 120 . Hzoz%:fﬁ/uM
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B 4 TEIRER H.0. % HepG2 MARIAIIRA1ER (a), AVPYPGR
R EL R ER3T HepG2 4RRRAYERIE (b) F0 AVPYPQGR K2 H B X H.0,

1545 HepG2 HRAAEYIRIFMER (c)
Fig.4 The effect of different concentrations of H,O, on the

viability of HepG2 cells (a), the toxicity of AVPYPQR and its
fragments to HepG2 Cells (b) and effect of AVPYPQR and its
fragments on the survival rate of H,0, injured HepG2 cells (c)
K 4c NANFIZ ifoxt HoO, 45405 HepG2 4B A71E 5
IR . 7E Ho0, 17455 HepG2 AU, H,0, 541

HN 42 8BS KA Fenton [N, AERGRIE H H3E,
A ROS A R0 FH AT A AL A &,
TS B AR R 51T 45395 4L 40 I E 900 mM ) H 0,
IWEE 4 h, HMBIAEEN 59.47%, 575 AXHRAR)
GRS A BE N ER (p<0.05), TEHIZIKE H0,

AR . SHAAHEL, IMAZIRTHRY 24 h )5,
Bk PYPQ, AMARAAEZHA 61.87%, SHHHEA ST
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R ZE R, HAR 2 IKES B35 B g AR

(p<0.05), BAHHRY H,0, 55 HepG2 4t AL i1%
(R Hot VPYPQ A AZ TS S f s, N 79.01%,
BA BT HIRS R . Tonolo F 5% i A=k s
Pt EALEE AVPYPQR, FHHIEHIH AT 184 H,0, S
1] Caco-2 AMMIANSAIIRER . PYPQ 7E ABTS i,
ORAC V£F1 AAPH 755 I £1 41 B SE AL 3510 B R o L
HPEAEE. B2, 7E H0, #i% HepG2 i kil
T TR VER, UL IR R 2 5 2 IR A AL
TEVERT, SRR 2 BRI, 2 IR AR N RS e A
S P9 T TE PR A AR RN S R DR, A
PYPQ VEHTEMITER, FIRESRER Hdn i, TE4NH
MR, 1SRRI E mENRE), B SRHRNTTA
WRGRIEERIMRE ISEH R, ARpdE—P 7.

2K PYPQ MIZHMIAETEZ 55 AVPYPQ.

VPYPQ F1 PYPQR HIL0EL, KILTEZ K PYPQ A
30 Ala. Val Fi Arg FRE# 238N T AR A A7TE
R, BN T Z RO CR . FIR S PYPQ AHLL,
AVPYPQR [P0 A7 5 202 23 i . {22 AVPYPQR
5 AVPYPQ. VPYPQR F1PYPQR #tt, ZHifriG%
W RS2 . VEATE PYPQ (F5Ehl b3 b sp e 5t
FRikAE, FTLAINZ BRI R AU, (HEHmE A
TR A AR -

26 AR EFM AVPYPQR KA Fr BAL A

7% P e B

JEIT Pearson 70T AVPYPQR M H FrBYfE ABTS
7%, ORAC 7%, AAPH 5 T 2T 40 7 A AL R HL0,
75 HepG2 4HA AL -h T A AT PRI AR OGPk, 45
R 20 PURP L2 ARG A . ABTS
1 ORAC 5# & ST AR B h RSB BRE . H
A&, TEVFM AVPYPQR K H v BRIIHTEAGIE TR,
SERFEAM. IR Tyr BRIETEIXPIF T2
KEEFME IR . H/2&, ORAC ¥£LL AAPH 1ENH
SEES QT it R b BN R WA e Y
(17 H A, AT BRI E e U B . ABTS V202
BT HTHEBI—FE BRI AE R
RES1, PUAMFIRMEHE TEE N T AR ABTS H
FHIE . (A, 6 25BETE ORAC iEH IR R 5 ABTS
FA—E R . AAPH 5 ST Z0 A AR E 5 2
JEIERR I ROO-HIBE ST {HAZ, AN[HTF ORAC %, %
AR IR 25 R A 40 S A o e A T RE D
I, 6 Z4HKTE ORAC V1 AAPH 155 I 2141 ffa s 1 s
RUh RS RIFAM . 7E Hy0, %S HepG2 410



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6
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20 A TSR A AR TR A PR RS 22 IR A SR
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Table 2 Correlations among ABTS assay, ORAC assay, AAPH-induced human erythrocytes hemolysis model and H,O,-induced HepG2

cell injury model in determining antioxidant activities of AVPYPQ and its fragments

R A ABTS % ORAC % AAPH #$hérmmffiadmigRl  Hy0,%F HepG2 iR 142A!
ABTS i% 1.00
ORAC i 0.56 1.00

AAPH 5 fo 41 dm e o AR -0.30 -0.75 1.00

H,0, %5 HepG2 fafR R 48R -0.68 -0.40 -0.40 1.00

3 Zhig

% & SR U5 B9 Ik AVPYPQR A H: AH o6 BR
PYPQ. PYPQR. VPYPQ. VPYPQR Hl AVPYPQ 7E
ABTS %, ORAC VEHM AAPH 5 5 A LT 407 s
A B BRI EAGTE . 7E Hy0, 553 HepG2
AR, & PYPQ, HAthZ AkEEA {4
PABATENE. 7E 4 PSRRI TE R E T
i, 6 22 RRIPUAEA IR 2 (] B A,
[FiNF, AN[F 7T Val, Ala F1 Arg BRIERHTEAIETE
MmN, BRI, FEPPN 2 KRBT E R, B
SEARIITENGEE SR RN, X2 RTEAiE
W RIETTEMNSERNBC G R — P AR, fEAE A
NIRRT — 2 I0IE, AT A A IR
e RN R AR HE R A -

BH IR
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