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JEIN R - = SRR (SR SR v et S e
A B EE 2 Wy S RN SR A TR A i) 0 B L
REANHL S A G A AR B S S ER AN [ 40 s
Mgk, HEIEE 3 Morvk, Kk R AR R, %
SVERSEAL AT, (EEI NRIEET LRV, pik R iR A,
B AR R BT, | 3Rk RN . TEERI Y,
E72 A4 [ 3 R AR SR R by e s 28,

W 72 B 2 My 5 16 A 350 B 1 B A e % 52 i) L 350
P4, 40 Plundrich 251"k BUAE AR 2R (1 55 Bl AN 45 2 1)
GO RN EA IgE S50 (O RIFEIK 38%
M 31%) , PIRIE R AL p-E It UM RS
F#fik . Rishipal =PSBV R & E SEAERAZHE
EMRMEERIRE, KIVNRIEIEREY + CD63 AR
K K 3K 1gE YRR AT 78 N 2 Bkl iR 5
CAEEARREY), XWHE—sr 205 a8 4 SUE
IR 8D . WHERR (Caffeic Acid, CA) YENNUENE
My RAEPH oy ) —Fl, JTRAAET KR, B A%
T, HEPUEAL. PURIE. AT G S R,
ARG TT EINHEER 5464 SR [ Ara hl SN EE S T7E
i ik B S NE AL, N2 S AR AN A
FEAR L BRR PR Mt 5% .
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P AE A LR D 5 WnERR (4lifE =>98%) , LMk
4 FH R A # ; DEAE-SepHarose Fast Flow -
SepHadexG-200. =¥ FIEEZIEH L (Tris) « AEAIEK
Al . HER. L-BEig. @&frd€ MD25 (8 000~
14000 Da) - HLi#-20. PBS S T4, b EEFR
BAMWAR: bt Ara hl, Hift Agrisera A#); HRP 43
WCEPRAZEERE A G (Immunoglobulin G, 1gG) ,
WG L ARG IR A A

1.2 (UE5E%

SCIENTZ-48 =il s H AW B ds (708 2 AR
B HIRATD ; SN-MS-1 Bifi Syt beds (R
WRBERAT) 3 CXG-1 HNEEZHHE (R
IIMEACEE] B IRA T 3 PHS-3C pH it (BRI
XA IRAT) 3 FX303-Z B BI85 CEHER A
BAYRABWAT) ; SHA-B KirE%as (BRI
U RHEABRAT]) ; BioTek/epoch2 EEbR{Y (32 [EF 5
IXEEA PR ] D TU-1901 IOEH K AMNAT WL 43 e FE T
FOEHTEAESA R AT ; LF-1803010 A5 640806
FEih (GGEER K H/RBHE AR AR 5 Neofuge 1600R fjid
AUREOHL CEERREEAERARAFRD .

1.3 RILFE
1.3.1 FAXEEEG Ara hl EIR 5440

RBUTESHE Pk,

difk J77E%5% Wu PR EES) . E BNE R Z
HrAE 4 ] DEAE-SepHarose Fast Flow 3 78 JZ ATk 3E1T
B A2 20T, LA Tris-HC 22 0P iP5 2~ 3 f5 AR
Ja BIAT_ERE, 4RJE A& 0~0.5 mol/L NaCl (1) 50 mmol/L
ff) Tris-HC1 223090 (pH 18 8.0) #EATLR A Ve Ik
LR VEMLER] SDS-PAGE il RIS G 1 H AR A
T} SepHadexG-200 #EAT #E I y€ E A a4lifh, S8 5 H 3~
5 FEREARTR N BE MR R AT AR JE HEAT B, S8R5 H AT
S AT Ve U SR V6 3E 1T SDS-PAGE £ailll, £84)
M i IA 2] 90%LL Lo
1.3.2 Ara hl 5 CA BEtE7 % 0pik

BRI EAE: 2% Tao Sk, 8 FKIE iR
U N 40 mg/mL # Ara hl %98, 37K pH {E AT 2 9.0,
[FIEF BN 0.02% & Z Ak i E £ K . Ara h1 RS CA
R (0.70 mmol/L) ZEARRA 5, BT pH {HZ 9.0,
PR AW IR P MU BEEE 24 h, AT R NAR R AP )
EMBEY, BREVERZENTR (BHESTE
14000Da) W, 4 C R TEFEF/KFZENT 48 h (55FF 6 h
Ho— UK R A S BERES Z By se AiENT H 25D o BTG
FIVETA R T HRENTS Ara h1-CA LR

HHIEEEAE: SHXNREP %, DLEETK
TR 2R EE A 20 mg/mL ) Ara hl 330, I 0.02% 2
FANIIRI E K . 11 50 mL _E IR VAR TP AR O
0.5 mL XK (10 mol/L) il 025 g 44K C, | T
PHER . 2 he SRJG AR BRI — 5 S CA {5
RN 0.35 mmol/L, 4k4ER Y 24 ho Jo 45 A K%
MR 2IENTR GRS 75 14000Da) N, 4 CFT
F BT KAIENT 48 h (BERG 6 h e — VKA AR S B PRI

BZWME BN, BITE IERA T RS Ara
h1-CA AN,

fifik HAE: 5% Prigent PR k. DAEE 1K
fif ) 2 U FE A 20 mg/mL ) Ara hl W NN 0.02% 8 %
NI A A K. 1A Ara h1 BRI — % BT
(10 U/mL) , R pHEZE 7.0, IR FHFE 2 ho FIRB
WA —E &1 CA T H R AW 0.35 mmol/L, 4k
B2 N 24 h JE NN 10 umol/L NaHSOs 4 15 v AR5 44
WL 2B AE (R 78 14000 Da) N, 4 CT
TR EFKFIENT 48 h CBEBE 6 h 3 — KB TR A B
WS ZWm B2, BTG IR TS
Ara h1-CA LY.
1.3.3 FREZREET

SMURIR TG BB EAE T, SRR . IR
FEL IFal. pH {H 4 MARTHFUHAAEESEE A Ara hl
e amm. SHRKBAEBREN Ara hl N
20 mg/mL PV, BRI W LR 1, B4 3 AT,
GERECP Y. IREERE: 25, 35, 45, 55, 65°C, HAfh
Fabr NAFIA] 24 hy pH 1 9+ CA ¥#RJ¥ 0.63 mg/mL. Ff[Aji%
#H: 6. 12, 18, 24, 30h, HABIEFR IR 25 C. pHA
9. CA ¥J¥ 0.63 mg/mL. pH {Hi%&: 7. 8. 9. 10, 11,
HAFEAR IR EE 25 °Cy WA 24 hy CA ¥KREE 0.63 mg/mL.
CA WRIZEWHE: 01575, 03150, 0.6300. 1.2600.
2.520 0 mg/mL, HAhFaFs MR 25 'C BFE] 24 h, pH A
9. LA IgG 4G R /IENT B RIR, ZMEAEEEME
AN A N B R, e AR R A

*1 BERFAERIT

Table 1 Single factor experimental design
oy WE R s W R P
Level Temp?rature /" Time  pH A CA(cqffee B
C /h value acid )concentration/(mg-mL"")
1 25 6 7 0.157 5
2 35 12 8 03150
3 45 18 9 0.630 0
4 55 24 10 1.260 0
5 65 30 11 2.5200
1.3. 4 =kwE)aIE 3REE I

AR B PR R IR 5 R E CA WREE S R I IA) L pH
1B 4 MEREFIKPHmLTEE, L IgG 45& 88 9 RAH .
IR L 2.
®2 TREVFERREERKER

Table 2 Factors and levels of quadratic regression orthogonal

experiment
SZ 4 " 1l . N - Bk
oromal 1 WE S
coding Temperature/’'C Time /h  pH value /(mg-mL™)
1.5467 50.4 332 9.77 2.230
1 45.0 30.0 9.50 1.890
0 35.0 24.0 9.00 1.260
-1 25.0 18.0 8.50 0.630
-1.5467 19.5 14.7 8.22 0.285
13,5 RIQ4EAT M

e gy 4 B - A AR M R DI 2 BB Y CA 3%
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e, % LESPN )%k,

W EEIEAME: 3 OPA VAN ERE i SRS
%7 Xue 2527

T CERR N E: SHE LEEPI k.
SIS EME: SHXNREPI .
LA T B R A E Sl X
TR AT WA JEGEETHINE HAE 190~600 nm JEKIE
Bl R ki, DAR M s Ao iR

IR TG T 5% T 3 0 IR AR sl .
HFE IS ARE PR, WRFEN 0.2 mg/mL. 7ERSTHEK
300~500 nm FIEAR K 295 nm AL EE TS 66, Bk
FIVR SR 4 ) 5 FE 351 ¥ B 5 nm.

PURHEAN: 2% B H NP2t i sh . B
AFUBEE A Ara hl SUNHEERR LA 45 & 0T E AR, AL
100 pL SINBEARAR H, 4 CHEBHER BFLINA 250 ul 5%
FIlEFL, 37 CH 1 hs IIA—HT (Bt Arah 1, 11200
k), 37 CWEE 1 h; IIA Pt (HRP drid ik IgG,
1:1000 #BE), 37 CHEE 1 he &E4AF2 J5%/H PBST
Vel o fJr N (e 0 15 min, SRJEINZIERZA
RSN, AR E 7E 490 nm ALIROGAE .

o

ALFRAF 0D, 1
eG4 &8 = . 9002 2 100% D
gUZE 7 HE 5'%%:@#1%01)490{5 (
1.3.6 Z3Ea

P s i E 3 4747, 1 SPSS16.0. DPS 7.05
HEAT B 4341, i@ Origin 2019 & GraphPad Prism 8.0.2
BAHER.

2 RS9

2.1 Ara h1 5 CA BE{EEEER O
2.1.1 BTG R RERE 5B E N

M 3 Haf LLE H 3 Ff Ara h1-CA $5A 77 i
A WHEOER. MESEHHTE Arahl HHTFHE,
R ZmSEA RS T g adEY, SEAMS
TR SRS E R A IR BN TR C-N
Bl C-S AR, 3 Ry b CA Bk Bt K B/IME VON :
B>l > E AL, R 3 ATAIARIE B N T
R CRR. HAES 2L EREA G hE LA AR
HIAHAREWNER (P<0.05) , KIS hn 5w 3
A G EE, CA B REE, RIS Rt
A, HICERIRIE Y. SR A o T B R R R S N S A
A RIBRIEAE 3 e 456 0715 h AR RCR e
2.1.2  EMEARTG EAES

P 1a AT LA H B () Ara hl 7 280 nm AbF5 ¢
KR, 2 i 8 A5 2 1 B R Bt B R R B 1)
WAL o R O PR M O A R 55 52 B 1 S 2 By A LA FH
SRR, VEAE A RS R i T AR RS M ROA B R K P
B AT RGP, 3 R T VEIES B AR Ara hl #x
KRGS m, I H 2 8 Ars Bh 6 80k LA 15 5
JR 2 KB J i R AT B, T B KR g R A I
H kR R S, 280 nm #5#£ E 273 nm,

I H P 51 S AR AT P XA B K

#3 Arahl #1 Arahl-CA FEEE. FEM CAERE
Table 3 Amino acid, thiol, and CA graft amount of Ara hl and

Ara h1-CA
g s MEOER g CA e it
SamD le Free amino yr Thiol CA graft
P /(umol-mg™) /(fgfillig'l) /(umol'mg™)  amount/(nmol-mg™")
Arahl  20.76£1.09" 46.97£2.1" 2.38+0.07" —
H H5Ek
Free radical 16.94+0.05° 36.60+0.7° 1.64+0.13" 29.01:£0.24°
method
i
Enzymatic  18.85£0.09° 34.95+0.6° 1.74+0.18° 42.58+0.27"
method
ﬁffﬁﬁ% d c d a
Alkali mothod 1406£021¢ 27.2041.5° 133032 48.42+0.41

Ee AR R 7 8 EARROR Z R B (P<0.05) , TR,
Note: In the same column of data, different letter superscripts indicate significant
differences (P<0.05), the same below.

H & 1b 7%, 5 Arahl #HEE 3 FhO59E B 2O
SR FTRK, XU CA 5 Ara hl KRAEFLM AR EAE
H, "IRER CA EATEIREYI BT Ara hl IS
PRIRFE R LGRS, A T Ara hl (VERIRILEE T HOK
JesRAE N R, JOf RIgERARMAR, FRE CA &
T Ara hl =REMRAEMTE . (R 3 FHEET 5T 9O6
S JE H/N BRI SRR R Y <BE R )< B 2
AR, AT UL A RE 06 S 47 E ik CA 5 Ara hl
I PEM . BIEALRE pH B A, BT AE & it T
e, BN S B BN, DAL MR AR
BEMGHE, TR P A AR DT, Rt 22 4 M B PR
15 G5 o
fili iz Alkali method = fiffiJ:Enzymatic method
11 H1 3% Free radical method —+Arahl

273 nm 240 000
£ 35000
-£ 30 000

525000
280 nm 20000

o bt

% ;1 Absorbance
o ) e
e
Iy
<o
<o
=)

—

320 340 360 380 400 420 440

0
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J A< Wavelength/nm

K Wavelength/nm e
a. BANAT I o1

a. UV-Vis absorption spectrum

b. WIESEE
b. Endogenous fluorescence
spectrum

B 1 B R LA RAE G Arahl Kikeg#h
Fig.1 Effects of interaction methods on the spectrum of peanut
sensitizing protein Ara hl

2.1.3 EMEAEG EIURMESAT

HHE 2 050, 3 FhEAEERIN 1gG 45& ReJI30MK T
TH Ara-hl, XRS5 Z MG KT Ara-hl BIPUE .
IgG 456 RE I BRAR AT e & i T SR A 3 T2 7 N S0 I R A7
B R BRAFE T TR RAL S Z Byl T MM &6
MRHATHER, S 1eG SEAREIFEE. 18 3 P
HIEEERIN 1eG AR I TR E (P<0.05) , [%
£ 76.8%, k5 HBEIERZ AWARES AL E
(P>0.05) , Rt BRI EAE R FEIK Ara hl 1) 1gG 454

2y
He o
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Arahl  BEEACEL  MRVLAREL [ AR AL RE
Alkali Enzyme  Free radicals
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4Pl Treatment

B2 EMFEARABKEE Arahl WRMEG A
Fig.2 Effects of interaction methods on antigenicity of peanut
sensitizing protein Ara hl

2. 1.4 BRRAIEAHAEEG Ara hl 89%H

AR H 2 A R AR EA S 2 W
JRE, Ry b o5 b B AR B 6 B PR R AR e, DAB
ERB, EAESEEAS 2L AR R MG Arahl-CA
NEAEH, RKREAEE (Native Arahl) AZF, KH
WA AL EE RN I Z WK Control Ara hl AXTHEZ .
K 3a A1 3b %1, Control Ara hl 5 Native Ara hl #HEL
AN, BIARE AL A B X Ara hl 85 HR2MEL
/N, HP#E S Arahl-CA AL ERKES.

3

—— Arahl-CA 270000 . éjﬁ‘éAlr?\hll |
- Xt Al 5600001 Control Arah
8 Control Arahl z o R¥RArahl
82 ~famhl 550000 _, NatyeAmh1
v‘£_> AtV =
% ative Arah % 40000
2 g
< 230000
) g
= 20000
=50
& :,'g 10000
#

SO
250 300 350 400 450 500 300 350 400 450 500
i Wavelength/nm {1 Wavelength/nm

a. BANAT WO b. WIRZEHE
a. UV-Vis absorption spectrum b. Endogenous fluorescence
spectrum

A3 kAT Ara hl e k2 H
Fig.3 Spectrogram of the effect of alkali treatment on Ara hl

2.2 BAZRRELERSH
2.2.1 o BRIRE ST Ara h1-CA &R

t & 4a I RIS CA WREEMTH =, B =8N, 1gG
ZiARe I TR 24 CAWRESHIT 0.630 0 mg/mL G4 &
TREEER (P>0.05) , 1gG L& REITE CAWRE T
1.260 0 mg/mL JG LR EMEZER (P>0.05) . JRFEZEE
CA WRERINS Z AT S5 G B A T SR 2 . RS
HLEHHE 45 & 524, RIRZ W ik 58 A4 ks iE
MrBrZs. tHPE 4b BT Ara hl [ERAMERESRZFES CA IR
FERERTIEIN, 2 CA WKRIEHIT 0.630 0 mg/mL J5H &4k
HIE AL (P>0.05) . FEEE 1eG di&feh)a
IEPEONMERR K N 1.260 0 mg/mL.
2.2.2 pHAAXF Ara h1-CA &+

I Sa W AIBEE pH EFm, BERELARE T
R, 75 pH {8 9 475 e ft, 1gG 45& 68 15 R T+,

75 pH fH 9 A BARAE . ZIERMEIRES T 5 4 Ak iR
REEARBATIMN G A, SNSRI YIRE pH 1)
B naEtY, EEEE pH AR m S H TEER IS
oM e SR E A FENERY, N SHEm S5 EA
RN GEA S IR . B 5b R0 pH {H 9 I AT
AT BRI ISR T, 2 RO 5 SR A R A 3 45
&5 S EE AR R A A, A R S
C=C. C=0. C=N 25N F13E F S 2 im0,
I EE pH H 9 9.

—IgG45 516 771gG binding capacity < -=-2.520 0 mg-mL"'CA

= b 5 v mL-
e1037 bt Graftamount 1305 1550 0 memL 1A
e r 12V [} —— 1. 3
s a a a a S 24 ~0315 0 mg'mLCA
=35 90L < 11108 —-0.157 5 mg-mL'CA
Bé \.E/"_‘ 2 €3\ —-Arahl
=g 5 Z4
TS 80F ¥ 390 <
52 ¢ | E
QF 700 -1 g R
~£ 60 50 L”D’} o
! L L L Il IH
= 7701575 0.6300 25200

33

250 300 350 400 450 500

CA#J¥ CA concentration/(mg-mL™") g K Wavelength/nm

a. BURMERERE b. AT IO
a. Antigenicity and graft amount b. UV-Vis absorption spectrum

B4 CARE Arahl-CA #RM. BEREF LI Rh
Fig.4 Effects of CA concentration on antigenicity, graft amount
and UV spectrum of Ara h1-CA

-—1gG&E £t J1G binding capacity )

n

210024 & Graft amount 140;E °
S 5 84
£ E &
=59 110 £,
a9 2, = o
&8 g2
W 5 80 80 © <2
g £ o
b 25
5.5 70 50T
=5 g =
g g%
= 60 8 10 20 w250 300 350 400 450 500
pH{ipH value Py K Wavelength/nm

a. PURTERE B b. AT IO
a. Antigenicity and graft amount b. UV-Vis absorption spectrum
B 5 pHALs Arahl-CA #LRM. R EA LN LEHm
Fig.5 Effects of pH value on the antigenicity, graft amount and
UV spectra of Ara h1-CA

2.2.3 B/Est Ara h1-CA ®rh

Py 2K 5 5% 1 T S i 7 A R A 2B R S 5 DA T
HE®EAREAEM G, BEREARN &, BE
EALEASIEEE A Pl R B 5 € S 41 A5 PN ]
I &1, WK 6a 1T B HBEEREN TR, #%
B Thm e R, 1E 35 CHl 45 Chbiim H i3
MZER (P>0.05) , 1gG &&ReIMEL THET &, IF
1E 35 CAEFERIRAL, FAMEFREEZER (P<0.05) .
M E] 6b T 1 Ara h1 85BT3R EETE 35 ‘CHI 45 CHI A%
E, WIATEXHMNRENEARES 2 MR N ERS. K
I Gk i I 1gG 456 B8 e B R BIRE v 35 C.
2.2.4 RSBFIEST Ara h1-CA #h

Z R AERRME 254 T R AR B Bh AL TE R 2R o, B
5 I NN 6] ()38 o 22 By iz A b SR S | A R A A
HEAMWTEEGTAERN .. ME Ta v RIBEE 5N R
Wahn, AR, AR 24 h IR E AR,
24 h 530 h HARTLEEEZES (P>0.05) , 1gG4H
RE NS NI THE, 76 24 h AR, ®HEEREEH
(P<0.05) - MK 7b TSNkt SOV AJIEH:, Ara hl 254k
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WS B AN T iy, {HAE 24 h 5 30 h A8 A et 4
LT . R e 5 s B 18] 24 he

— LG4 4 it /11gG binding capacity =
— ¥ i Graft amount & s
.90 1202
< g 84
= g 2
5'%85 115 T\E’ _‘é 3
BE £
< gw g2
ek g5
20-= 75 105 €
=S che
@ i S0
=70 | 1 1 1 1 100-4x
25 35 45 55 65 ix 250 300 350 400 450 500
it 5 Temperature/ C i K Wavelength/nm

a. HURTERER & b. SAR AT RSO T
a. Antigenicity and graft amount b. UV-Vis absorption spectrum

6 BEM Arahl-CA R M. HEHZA I LETa
Fig.6  Effects of temperature on antigenicity, graft amount and
UV spectra of Ara h1-CA

- IpG&5 A it 111G binding capacity

100-__ 540 B 120 7 5 —=30h
< iif)ri%_.Gmﬂammmgi & 3 ey
EN £ 94
290l =« 110 = & —18h
g ~~b b g S, ~12h
BE e M 8° —-6h
4z S 80 ¢ 100:x 5 2o —~-Arahl
%2 : d | B35
Q= e -t 2=
E 70 > N B

g‘) 60 1 1 | | 80 % go

6 12 18 24 30 O 250 300 350 400 450 500

I [ Time/h K Wavelength/nm

a. HURMERER & b. SAR AT RSO T
a. Antigenicity and graft amount b. UV-Vis absorption spectrum

B 7 R % Arahl-CA SR, B EF LIS
Fig.7 Effects of reaction time on the antigenicity, graft amount
and UV spectrum of Ara h1-CA

2.3 ZTREVAERIRELER T
2.3.1 ABRMSHT
WX} 1gG 456 68 1 58k ST WUAE & Pearson £
5, 4R 1gG A SR W E MK
(r=-0.975, P<0.01) , [FFHFARIGH 78 BEAEXT e
FER A Ara h1 PURHERIREM, KULiESE 1gG 45A /0
VBRI VAN TR AR o
2.3.2 ZOREIE RIS AL R
RYEER 4 rhERE T E VLA DPST7.05 AT 404,
LA AR, 183 IR 2 TG [ TR R
Y=5.415 94-0.024 89.X,-0.032 24X,-0.762 66X5-0.737 42X,
+0.000 19X,>4+0.000 77.X,2+0.040 49X;°+0.112 54X,°
+0.000 09.X,X,+0.000 54.X,X5+0.003 39X,.X;

-0.000 48X>X;-0.002 16X,X,+0.031 51X:X, 2
X Y N 1gG EERES, Xiv Xov Xov Xy NRNVIRFE .
SOSEFTE] S pH E . IR R B S i

ZEHS T, IR Z IEE D AL M FRAH G R
] r=0.9775, MRILH =R TGS [RE 5 FE S AR
WAEEEA ERMAF SRR . BEF K P=0.001<0.05,
EVEpp T E N
2.3.3 BEN R AT,

R S KB 8 WA, ZZHI x| x4 0 1gG 5 A 1%
WA EE, Fomx, GRE 5 x, MMHRIKE) 2 847
EAREAEM, x GRED 5x, (WIHEERIKE) L HE W
8. % DPS /At /5 I, 4iRER 332106 C.
CA WKE N 1.767 6 mg/mL I, 1gG 454 A /1 4% 2 ik .

F4 ZREVAERBERITERRRE
Table 4 Quadratic regression orthogonal combination design
orthogonal table and results

Wi me oww o pp CAJKE S OAE
Test  Temperature Time pH value concentration 1¢G binding
No- ! " - X4 capacity/%

1 1 1 1 1 80.75
2 1 1 1 -1 85.97
3 1 1 -1 1 75.71
4 1 1 -1 -1 87.52
5 1 -1 1 1 77.28
6 1 -1 1 -1 83.86
7 1 -1 -1 1 73.37
8 1 -1 -1 -1 82.69
9 -1 1 1 1 74.32
10 -1 1 1 -1 89.76
11 -1 1 -1 1 69.12
12 -1 1 -1 -1 93.23
13 -1 -1 1 1 73.81
14 -1 -1 1 -1 88.66
15 -1 -1 -1 1 73.63
16 -1 -1 -1 -1 86.36
17 -1.546 0 0 0 72.67
18 1.546 0 0 0 77.99
19 0 -1.546 0 0 79.13
20 0 1.546 0 0 75.21
21 0 0 -1.546 0 72.72
22 0 0 1.546 0 73.32
23 0 0 0 -1.546 92.76
24 0 0 0 1.546 69.77
25 0 0 0 0 69.68
26 0 0 0 0 71.23
27 0 0 0 0 71.79

x5 REARKEEMHRNER

Table 5 Significance test of partial regression coefficients

KIS AR T RrgeAH P-{f B
Source Partial correlation T score P-value Significance
X -0.5212 2.1158 0.054 2
X2 -0.421 4 1.609 7 0.1315
X3 -0.406 0 1.538 8 0.147 8
X4 -0.767 1 4.142 4 0.001 2 ok
x’ 0.640 3 2.8876 0.0127 *
X’ 0.7592 4.0412  0.0014 o
x3 0.393 7 1.483 8 0.1617
x4 0.8828 6.5102 0.000 1 ok
X1X2 0.246 0 0.948 1 0.360 4
X1X3 0.1347 0.470 8 0.645 6
X1X4 0.729 4 3.693 1 0.002 7 ok
X2X3 -0.072 8 0.2527 0.804 5
X2X4 -0.378 1 1.414 6 0.180 7
X3X4 0.443 6 1.714 8 0.1101

T P<0.01 AN, M Fow; P<0.05 REF, AR5 P>0.05,
ENTED

Note: P<0.01 is highly significant, denoted by **; P<0.05 is significant,
denoted by *; P>0.05, non-significant.

2.3.4 B3
FI R RIAE R T, XS BT R SK — B i 4
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R RR AN G IR B« WHIR] . pH AR ANl A 5
FIME 55 33.2 C. 25h. 8.67. 1.76 mg/mL, AJ LL7EH]
Bt AR 1eG 4B H8 1N 67.63%. R AEHES
AT 3 IREGAIE, H 1gG S5A R8N 69.31%, SHEWE
i, MXHRZEN 2.48%, SLMEEH & 119.16 nmol/mg,
5AA 121.78 nmol/mg 2, MHXHRZE 2.14%, #—
ISR E A AR (AT 5 B . 3 AP AR 9a SR AN P R
B 9b T A ARG 2 AF R UMMERR 5 Ara h1 ELAE
JE R A, NI R, R % 1 R
BT BN EERR 5 46 AR SR A Ara hl FLAE.

IgG binding capacity/%

-1
CAiprc, O
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Fig.8 Interaction plot of temperature and coffee acid
concentration
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2) PR F IS AN R B H OE 23S 4 A R A
EHAE LS8, RAGKIARBLREE 33.2 C. RV
I 1E] 25 hy pH {H 8.67 WNHEERIKE 1.76 mg/mL, LI
TEABBE A Arahl 1) 1gG 4548 71 F %3 69.31%,

HACE DN 119.16 nmol/mg, )5 ESAEHEIL . MIHERRIK

FEX BB 1 1gG &G RE IR % (P<0.01) , %2
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(P<0.01) o AHEFNJESAELESHEH Arahl 52 H

HAERBERTES % .

(& £ x #

(1] AeHIAE, BREA, XIEEG, & AFRGSAEA MR
WL AT R SR 2 BT 0], ARk TRR AR, 2016,
32(18): 279-284.
Hao Lihua, Chen Fusheng, Liu Kunlun, et al. Analysis of
sizes, zeta potential and protein component of oil bodies
extracted from different peanut varieties[J]. Transactions of
the Chinese Society
(Transactions of the CSAE), 2016, 32(18): 279-284. (in
Chinese with English abstract)

[2] Hurlburt B K, Mcbride J K, Nesbit J B, et al. Purification of

of  Agricultural Engineering

recombinant peanut allergen Ara hl and comparison of IgE
binding to the natural protein[J]. Foods, 2014, 3(4): 642-657.

[3] it e R S IR B A A SR Ara h 1Y
G I RINE S S B ARIE FE D). JIT: TR, 2019.
Pan Di. Effects of High Hydrostatic Pressure and Its Assisted
Enzyme Treatment on the Immunoreactivity and Structure of
Peanut Allergenic Protein Ara hl1[D]. Xiamen: Xiamen
University, 2019. (in Chinese with English abstract)

[4] Alves R C, Pimentel F B, Nouws H P A, et al. Detection of
Ara h 1 (a major peanut allergen) in food using an
electrochemical gold nanoparticle-coated screen-printed
immunosensor[J]. Biosens Bioelectron, 2015, 64: 19-24.

[5] Sobhan A, Oh J H, Park M K, et al. Assessment of peanut
allergen Ara hl in processed foods using a SWCNTs-based
nanobiosensor[J]. Biosci Biotechnol Biochem, 2018, 82(7):
1134-1142.

[6] Faisal S, Aimin S, Jon A, et al. Peanut allergy:
Characteristics and  approaches  for  mitigation[J].
Comprehensive Reviews in Food Science and Food Safety,
2019, 18(5): 1361-1387.

(71  ZERGE. 0T AR B 18 AR SR f R2 M K L HLEE[D]. T
B VLHKY, 2016.

Li Yingchao. Effect of Processing on Peanut Allergens and
Its Mechanisms[D]. Wuxi: Jiangnan University, 2016. (in
Chinese with English abstract)

[8] Bublin M, Breiteneder H. Developing therapies for peanut
allergy[J]. International Archives of Allergy and Immunology,
2014, 165(3): 179-194.

[9] White B L, Shi X L, Burk C M, et al. Strategies to mitigate

peanut allergy: Production, processing, utilization, and



294

Fk TREZAR Chttp://www.tcsae.org)

2022 4

[11]

[12]

[13]

(14]

immunotherapy considerations[J]. Annual Review of Food
Science and Technology, 2014, 5(1): 155-176.

YRS, RE, XEGE, S5 BRI AR I i A
HABEANPIAD]. BMBIRSIA, 2018, 39(21):
44-48.

Shi Zhenpeng, Wu Zijian, Liu Minyao, et al. Enzymolysis
conditions for alleviating tow important allergic proteins of
peanut pulp[J]. Food Research and Development, 2018,
39(21): 44-48. (in Chinese with English abstract)

ERR IKRELL, ZRBOR. HRIEAC LA B BRI )]
TEE 4R, 2009, 38(2): 1-5.

Wang Shuo, Zhang Chunhong, Li Shurong. Effect of
radiation process on allergic proteins of peanut[J]. Journal of
Peanut Science, 2009, 38(2): 1-5. (in Chinese with English
abstract)

VRET IS, ARBBOIEAE R RN 7 148 S L3 SROGR R L S e R 15
MAFGEEFLD]. Aba: R EALREBE, 2012

Xu Shuting. Screening of Hypoallergenic Peanut and Effect
of Electron Beam Irradiation on Immunoreactirity of Peanut
Allergens[D].
Sciences, 2012. (in Chinese with English abstract)

wkah, ZFE, TR, % EYZH5EERBE A
HAER RS D). AR, 2019, 40(23):
313-318.

Beijing: Chinese Academy of Agricultural

Zhang Chi, Li Chunyi, Wang Qiming, et al. Interaction
between plant polyphenols and peanut allergenic proteins and
mechanism for allergenicity reduction: A review[J]. Food
Science, 2019, 40(23): 313-318. (in Chinese with English
abstract)

S, B, SRS, S5 Ak SR TR R A 1A
A EAE F R P s P 0], ARk TRE 23R, 2016,
32(22): 309-314.

Su Shiwei, Wang Ruican, Guo Shuntang, et al. Walnut
phenolic compounds: Binding with proteins and antioxidant
activities[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2016,
32(22): 309-314. (in Chinese with English abstract)

PR, SLEEE, SKENER, 4% PRS2 B AR ot
FEHERN]. PEAUm AR, 2021, 36(3): 195-202.
Huang Zilin, Kong Xiangzheng, Zhang Lina, et al. Research
progress in the interaction between protein and polyphenol[J].
Journal of the Chinese Cereals and Oils Association, 2021,
36(3): 195-202. (in Chinese with English abstract)

Li M Q, Karboune S, Liu L, et al. Combining phenolic

grafting and laccase-catalyzed cross-linking: Effects on

[17]

[20]

[21]

[22]

[25]

[26]

structures,  technofunctional  properties and  human
immunoglobulin E binding capacity of egg white proteins[J].
Food Chemistry, 2021, 355: 129587-129587.

Cao Y, Xiong Y L. Chlorogenic acid-mediated gel formation
of oxidatively Food

Chemistry, 2015, 180: 235-243.
JEEESE. LA RIS O DA B R 4 . RAE
KR FD]. 45 TLFg K%, 2018.

Gu Luping. Preparation, Characteristics and Application of

stressed myofibrillar protein[J].

Antioxidant Delivery System: Catechin-egg White Protein
Conjugates[D]. Wuxi: Jiangnan University, 2018. (in Chinese
with English abstract)

Plundrich N J, Bansode R R, Foegeding E A, et al
Protein-bound Vaccinium fruit polyphenols decrease IgE
binding to peanut allergens and RBL-2H3 mast cell
degranulation in vitro[J]. Food & Function, 2017, 8(4):
1611-1621.

Rishipal R B, Priscilla D R, Nathalie J P, et al. Peanut
protein-polyphenol aggregate complexation suppresses
allergic sensitization to peanut by reducing peanut-specific
IgE in C3H/He] mice[J]. Food Chemistry, 2019, 299:
125025.

Dziedzic A, Kubina R, Agata K D, et al. Caffeic acid reduces
the viability and migration rate of oral carcinoma cells
(SCC-25) exposed to low concentrations of ethanol[J].
International Journal of Medical Students, 2014, 15(10):
18725-18741.

Xiao S, Zhu Y D, Zhou J Y, et al. Antioxidant effects of
caffeic acid lead to protection of drosophila intestinal stem
cell aging[J]. Frontiers in Cell and Developmental Biology,
2021, 9: 735483.

EE AL BUREA Arahl F4LRIE D). #ME:
B K, 2012

Yan Fei. Purification and Expression of Peanut Allergen Ara
h1[D]. Nanchang: Nanchang University, 2012. (in Chinese
with English abstract)

Wu Z H, Yan F, Wei X N, et al. Purification and recombinant
expression of major peanut allergen Ara hl[J]. Preparative
Biochemistry & Biotechnology, 2015, 45(5): 438-446.

Tao F, Jiang H, Chen W W, et al. Covalent modification of
soy protein isolate by (-)-epigallocatechin-3-gallate: Effects
on structural and emulsifying properties[J]. Journal of the
Science of Food and Agriculture, 2018, 98(15): 5683-5689.
RIRHE. &EA -2 H-KA S0 2 & P& &S
Diae A TAAASIEHD]. dbnt: hERILRY:, 2017

Liu Fuguo. Fabrication of Protein-polyphenol-Carbohydrate



%8 #

FELLHE: TEABUBE A Ara h1 5 0NHERR BLAE XS F bt R 5

295

(27]

(29]

[30]

[31]

[32]

(33]

Conjugates and Their Stabilization Effect on Functional
Components[D]. Beijing: China Agricultural University,
2017. (in Chinese with English abstract)

Prigent S V, Voragen A G, Li F, et al. Covalent interactions
between amino acid side chains and oxidation products of
caffeoylquinic acid (chlorogenic acid)[J]. Journal of the
Science of Food and Agriculture, 2008, 88(10): 1748-1754.
WRPZ, XIZRL, B, & Hl&INENALHET EEA-
RN R SR D REE I FE I T]. fr i Bl
2021, 42(13): 43-50.

Chen Weijun, Liu Donghong, Li Yuncheng, etal. Effect of
preparation methods on the structural and functional property-
es of whey protein isolate-chlorogenic acid conjugates[J]. Fo-
od Science, 2021, 42(13): 43-50. (in Chinese with English
abstract)

Xue F, Li C, Zhu X W, et al. Comparative studies on the
physicochemical properties of soy protein
isolate-maltodextrin and soy protein isolate-gum acacia
conjugate prepared through maillard reaction[J]. Food
Research International, 2013, 51(2): 490-495.

JS, ERE, wgd, & m A e R E A
BE R RERPELT]. L TRE2% 4R, 2016, 32(8): 292-298
Zhou Hao, Wang Chengzhang, Ye Jianzhong, et al.
Improvement of allergenicity and functional properties of
proteins from ginkgo seeds by high hydrostatic pressure
treatment[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2016,
32(8): 292-298. (in Chinese with English abstract)

FEE, ks, R, 5 ERREAAE L RREX
A2 FLIE R A5 SR E MR R )], Ak TR AR
2019, 35(6): 307-313.

Wang Xibo, Zhang Anqgi, Wang Yuying, et al. Effect of
pasteurization and ultra-pasteurization on structure and
thermal stability of fresh milk whey protein[J]. Transactions
of the Chinese Society of Agricultural
(Transactions of the CSAE), 2019, 35(6): 307-313. (in
Chinese with English abstract)

DR TN TR I v SR e A SR Ara h
6 Sit 5HURMENMMD]. ME: MEAKY, 2011

Luo Chunping. Effect of Heat-treatment, Irradiation and

Engineering

High-pressure Microfluidization on the Structure and
Antigenicity of Peanut Allergen Ara h6[D]. Nanchang:
Nanchang University, 2011. (in Chinese with English
abstract)

BE R, R, BE . 2E-E A RS E  R R

[36]

[37]

[38]

[41]

[42]

iR R U R J]. B MR, 2015, 36(1):
245-249.

Kan Mingming, Ye Fayin, Zhao Guohua. Advance in
research on covalent interactions of polyphenol and protein
and their effects on food system[J]. Food Science, 2015,
36(1): 245-249. (in Chinese with English abstract)

Poklar U N. Analytical techniques for the study of
polyphenol-protein interactions[J]. Critical Reviews in Food
Science & Nutrition, 2017, 57(10): 2144-2161.

MR, JLEA-EGCG A7 Bk - 21 JR R 5 5 W 1 il
o SRR LR [D]. dbRt: R EARMR
2015.

Wei Zihao. Preparation, Structural Characterization and
Functional ~Evaluation of Milk Protein-EGCG and
Chitosan-Chlorogenic Acid Complexes[D]. Beijing: China
Agricultural University, 2015. (in Chinese with English
abstract)

Prigent S V E, Voragen A G J, Li F, et al. Covalent
interactions between proteins and oxidation products of
caffeoylquinic acid (chlorogenic acid)[J]. Journal of the
Science of Food and Agriculture, 2007, 87(13):
2502-2510.

Tantoush Z, Apostolovic D, Kravic B, et al. Green tea
catechins of food supplements facilitate pepsin digestion of
major food allergens, but hampers their digestion if oxidized
by phenol oxidase[J]. Journal of Functional Foods, 2012, 4(3):
650-660.

Kroll J, Rawel H M, Rohn S, et al. Reactions of plant
phenolics with food proteins and enzymes under special
consideration of covalent bonds[J]. Food Science and
Technology Research, 2003, 9(3), 205-218.

NGRS, B TIRM]. R BB RS HRM,
1991: 207-212.

Li S, Huang K, Zhong M, et al. Comparative studies on the
interaction of caffeic acid, chlorogenic acid and ferulic acid
with bovine serum albumin[J]. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 2010, 77(3):
680-686.

Prigent S, Gruppen H, Visser A, et al. Effects of non-covalent
interactions with 5-O-caffeoylquinic acid (chlorogenic acid)
on the heat denaturation and solubility of globular proteins[J].
Journal of Agricultural and Food Chemistry, 2003, 51(17):
5088-5095.

Ozdal T, Capanoglu E, Altay F, et al. A review on
protein—phenolic interactions and associated changes[J].

Food Research International, 2013, 51(2): 954-970.



296 Ak TR (http://www.tcsae.org) 2022 4

Effects of interaction between peanut allergenic protein Ara hl and caffeic
acid on its antigenicity

Ren Hongtao'**, Shi Qilei'?, Li Jing'?, Yu Qiuying**, Wang Fan'?, Hu Mei'*3, Wang Na»*>*>*

(1. College of Food Science and Technology, Henan Agricultural University, Zhengzhou 450002, China; 2. Key Laboratory of Nutrition and
Healthy Food of Zhengzhou, Zhengzhou 450002, China; 3. International Joint Research Center for Animal Immunology, Zhengzhou 450002,
China; 4. Key Laboratory of Bulk Grain Processing, Ministry of Agriculture and Rural Affairs, Zhengzhou 450002, China; 5. College of
Veterinary Medicine, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: Peanut is one of the eight major allergens identified by the Food and Agriculture Organization (FAO), because of
the high prevalence, severe reactions, and the lack of reliable treatment. Thus, a large negative impact has posed on the
peanut-allergic population and the peanut industry. Most current peanut desensitization treatments have presented nutritional
damage and low safety, including physical heating, and genetic engineering. Alternatively, a new avenue of peanut
desensitization can be the interactions between natural plants’ polyphenols and proteins. This study aims to explore the effect
of interactions between peanut allergenic protein Ara hl and caffeic acid on the antigenicity during peanut desensitization.
Firstly, the peanut allergen Ara hl was covalently treated with caffeic acid by three methods: alkaline, enzymatic, and free
radical method. Then, the complex structural, antigenic changes, the reactive groups, and the binding equivalents of Ara
h1-CA were analyzed by fluorescence spectroscopy, Ultraviolet (UV) spectroscopy, and indirect Enzyme-Linked
Immunosorbent Assay (ELISA). The results showed that the alkali method performed the best in the three ones, indicating the
highest binding equivalents, and the largest number of reactive groups participated in the reaction. In the UV spectrum, the
blue shift of the graft was found to be the most outstanding from 280 to 273 nm in the alkali method, indicating the greatest
change in UV absorption intensity. The fluorescence intensity of the alkali graft decreased significantly, and there was a slight
red shift in the fluorescence spectra. The Immunoglobulin G (IgG) binding capacity of the alkali graft decreased to 76.8% by
ELISA analysis, followed by the enzyme and the free radical method. There was no significant difference between the enzyme
and free radical method. Therefore, the best reaction was optimized on the reaction temperature, reaction time, pH value, and
caffeic acid concentration in the alkali interactions. The single-factor and quadratic regression orthogonal experiments showed
that the optimal combination was achieved, where the reaction temperature was 33.2 °C, the reaction time was 25 h, pH value
was 8.67, and the caffeic acid concentration was 1.76 mg/mL. In this case, the antigenicity of Ara h1-CA decreased to 69.31%,
and the grafting amount was 119.16 nmol/mg. Furthermore, it was found that the caffeic acid concentration and its interaction
with the temperature were extremely remarkable to influence the IgG-binding ability. The experiments showed that the
interaction between caffeic acid and peanut allergenic protein Ara hl reduced the antigenicity of peanut allergenic protein. The
finding can provide a strong reference for the peanut desensitization and further influencing mechanism.

Keywords: proteins; optimization; peanut; allergenic protein Ara hl; antigenicity; caffeic acid
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