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Effects of casein glycomacropeptide on the immunoreactivity
of peanut allergens
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ABSTRACT: Objective To investigate the potential of casein glycomacropeptides (CGMP) to interact with peanut
allergens and reduce their immunoreactivity. Methods To explore whether CGMP has the potential to interact with
Ara hl and Ara h2 by protein-protein molecular docking technique. Furthermore, a mixed solution of CGMP and
peanut proteins (MCGP) was prepared by heating to establish a BALB/c mouse model of MCGP sensitization and
peanut proteins challenge. This aimed to study the effects of MCGP on peanut allergic reactions. Additionally, the effect
of interaction on the secondary structure of the two allergens was investigated by circular dichroism. Results There
were secondary bonds (salt bridges, hydrogen bonds, van der Waals forces) between CGMP and Ara hl and Ara h2,
which partially act on allergenic epitopes. Compared with peanut protein allergy group, the serum levels of specific
immunoglobulin E (sIgE), slgG, slgG,, of Arachis hypogaea in the MCGP-sensitized group were significantly

decreased; the levels of interleukin-4 (IL-4), IL-5, histamine were significantly decreased; the levels of transforming
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growth factor-f (TGF-f) and interferon-gamma (IFN-y) were significantly increased, and the ratio of a-helix to

p-folding of Ara h2 in MCGP was altered. Conclusion CGMP has the ability to modify the structure of Ara h 2,

combine peanut allergens epitopes, inhibit sIgE and slgG binding to both Ara h 1 and Ara h 2, and reduce the

immunoreactivity of some peanut allergens.
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A ALYl (horseradish peroxidase, HRP)- K F Pt/ IgE .
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“F-B (transforming growth factor-8, TGF-B). y T &
(interferon-gamma, IFN-y) , 2 J{ic B B¢ 62 08 W B 22 (enzyme-
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PIRHEA R R, BUIERE R TEI2 (bicinchoninic acid, BCA)HE
50 i G (A A Btk 2R DR A IR A w]D; B
FIERER, EEFEIRCHRBHE AR, NER . BRIREh . ik
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BlEEd M A
1.3 Arahl, Arah2, Arah3 5 CGMP §J4>F511%

M 1 $PE 5 RCSB Protein Data Bank (PDB,
http://www.rcsb.org/) N 2% Arah 1 (ID: 3SMH)fl Ara h 3 (ID:
3C3V)I¥) 3D 45#4, M Protein Data Bank in Europe (PDBE,
https://www.ebi.ac.uk/pdbe/) F % Ara h 2 (ID: 8DB4, chains: E,
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F)I¥) 3D 4544, Herh Arah 1 % 3D 25440 170~587 HE%, Arah
2 1 3D Z5#°h 31~160 FBE, Arah 3 1Y 3D Z5#4°k 21~530 F
B, MEEHF#dEZE UniProt (https://www.uniprot.org/)3RH 4
TR - BREE I FHI(ID: P02668), SRR 64 MEILRRAE
FI¥5, HEE TS

ff Fl SWISS-MODEL (https://swissmodel.expasy.org/)
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T o 13 XU P XTI S, 5 250 mL PBS IRAHRBUE A
Ji. 25°CHEHE 2 h, B5.00(3000xg, 30 min)iHE FIW, FRK
B 0(10000xg, 30 min), B iERZE T UM A& . BCA
AR ST B T N 44.3%.
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M5 . I IR SR— R R TP ARS8 . AN Sh ) 5256 iy v
Alb K 2E T80 S AR A 5 sh Py SL e HH A 28 A S W A
HEAEALHESC S Aw61303202-4-1).

PRSI (B TR e L Bi): /NRUBERIL Y g 5 2 (n=4):

BH M X B2 (PBS) . #E 4= 1 4L (PN) . KMk E CGMP 4
(L-MCGP). #¥JF CGMP H(M-MCGP). Z¥E CGMP
ZH(H-MCGP), #4403 )7 =Luni&l 1 frzs. PBS 4T 0. 4.
9 d 5 T/NRE IS ST PBS I, 0.5 mL/H, F21 dAT/0
FUE s ST PBS, 0.5 mL/ R, B4R T 0.4, 9d 45T
NFIEIEEESS 0.5 mL/ RAYEIIK 0.5 mg fEAEMAE 01k
#), F 21 d A T/NEIEIE IS 0.5 mL/ R A R(1.0 mg 7E
HRE). CGMP AT 0. 4. 9d 45 F/NUBEETST 0.5 mL/

H ) MCGP £87%(0.5 mg FEA4 K1 FH+CGMP+HREF), %
I S5HERF AL, 75 21 d ¥k 30 min 5, T4
JNEHRIEFPR AR M Z 1.5 mL .08 9, 7E 4°C, 3000 r/min
S FEL 15 min MBI, R IRET-80°C .
IER S NFBENL N 3 41 (n=12): PBS 41, fE4E 1t
ffel . MCGP 4, 452 Ab 3y = R I V5 SR 4R [ TS 56
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I —
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Fig.l Mice experimental approach
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) BSA PBS IEW AT E ], 150 pL/AL, 76 37°C N & 1 h
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AR E 3 ATl OB EBCEE.

1.52 44 1gG,. 1gG,, #9 M 2
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5 AR/ NIV FE S, MR/ IL-4, IL-5. TGF-4.
IFN-y . 41 ELISA 07 &0 e 45 At PR S e 7K
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CGMP EAHIIG I a5 17284k . W HE 00 PBS Wi 4
ZHEAFEWEN 1 mg/mL, (UEESHOLE: FK
190~260 nm, HHEIEIFE 0.5 s, BRAEVERE 1.0 nm, J&FE 10 mm,
W 23.81°C, EEIME 3 WK, B2 (mdeg)HFRR
8111 Origin 2021 #{F 2l €% ], Dichroweb L& — 2K
ZE R ) (http://dichroweb.cryst.bbk.ac.uk)

1.8 HUEALIE

T 3 NPT, TRBIEH#FH Graphpad
prism 8.4.2, Origin 2021 , Schrodinger Maestro 13.5 k{4, H.
HZ Ty 2200 Wit 22 5 WM OT s B . S5 R DLV (E+ b7
W 22 0, [R) — B al B v AN [R] g /N 3 S0 B 3R R 22 S
B#(P<0.05),

2 HRED

2.1 CGMP 5 Ara hl, Ara h2 HEEERSRT
BERMNHSEER

%} CGMP 435 Ara hl, Ara h2 & Ara h3 43FX 5
F G TR T, S5RA0F 2 IR . CGMP 5 Ara
h1 PAHEAEF 4 10 AR 1 AN 1 AufEsET],
F P K Ara hl 53 F ) Glu, Lys. Asp Fl Ser, H:H, 30%
HZEILBR(LYS578 . ASP393., ASP552)% 5, Ara hl 15
R AL, ASP552, LYS575 (T a-12iE, LYS254 fii T
B-YiE. CGMP 5 Ara h2 AT AR I HA 3 MEH, &
B R Ara h2 23 FH Glu, Ser Fl Asp, 1H 33%IK% 5L
(ASP118)Z: 5%, Ara h2 HUZNEZRAL(Ash K ARHF LAY
Asp 583k), CGMP 5 Ara h3 WA EAER 406 4 8. 1
AR 1 GRS, EEW K Ara h3 ST Ala,
Gln, Arg Fl Tyr, XL EMRIFAZS S Ara h3 KPR
P BCRTA RIS, #Ead 95% A i R & iy TgE nT LA
P Ara hl, #83d 90% AT ARSI Ara h2P2 21, [, A5
Nl CGMP B ¥ /15830 5 Ara hl. Ara h2 P24 A0 H AT
FARAE AR R A B SR RO, DAV A TG AR 1L A 0 o
22 TEZERMLILEES MCGP 152 ik

B YRR, ER/IMEAR RIS 15 MCGP %
955 M B ATR B el CGMIP s (1] 3) . il MCGP 3%
I BALB/c/N, ##15 MCGP-sIgE, ELISA #5784 &
HSS S e . 459 R, PN 4 sIgE KFRE ST PBS
4, AN T AR S UM R Ak, &k
& CGMP 4 7] DL 2 FARAE AR B (1 i fie S v, Y E
BRACAE TR [1=0.2:1 B, Sy it FREZ) 50%; SBEE K:
AEEE =51 B, S RN PE TR 50%. B CGMP ]
REEHE T LA R AP USRI IgE 25& %0, FFHLL
5:1 WSINEE, WIER 1B fiARMREL . ERLERA
H-MCGP 4 MCGP 4 I A

SN

(B)

#: (A5 CGMP 5 Ara hl; (B) CGMP 4 Ara h2,
K12 CGMP ‘5 FRALAE S BY5Y 23F X H
Fig.2 Molecular docking between CGMP and major allergen of peanut
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Bk, B 4IRSy IgE. 1gG, HET A SR K40 R il 46
YA, USRI N B9 & AP TeE A AT DL et
R R EUYE, 1gGy /KPR LA 3o A A S g i v 21
P B IEAG BL I 53 2 T BB B ™ £ G I 1) i
PEWE P A, P LAAE S SR 2 R e R R B 5 4 o ) e
PEFURRRNIFEE G, 51k — R YN BU .

i FRFEARIESE T MCGP 7 LARRRAE A R 1 510
SgE RN, HE— & B MCGP [alif g4 1 iR
5 1gG, J 128Gy, MIZEE (K 4). BT, A LIS
A MCGP FE PR, T REH T MCGP #till 1764 2 s
B4y 1gE. 1gG FA, TR —Fh Al sl 3 i &2 454,
AU A el BUSN
2.3 MCGP /MR EEEBRINEERAITE
& Rz

Z RS HUFR)E, RIE The 4ie4sy=E 114,
IL-5 254N R 1, TL-4 #4005 B A=Az 1 85 sIgE, TL-5 5
FERE R R0 M I 1k HL A K20 sIgE f— A3 HE K 4

Ji . mERR A AN BB S A T, AN BRI O
W45, 5k R0 SO N o Th 4 AT R AE s i 43 0k
IFN-y # IL-2 40 F, S EmamE L, N S8
ORI, 77 1gGa 2T,

5 F A TP i B R A AR R AR, PN ZH R
T B R AR AE (R 5), IS R IL-4, IL-5. 4ifk
HOE B % ETF, TGF-p. IFN-y /KW N, AbHATE
MCGP UG LA R Ik, AV LI, 5 PN
o, MCGP B4 T IL-4. IL-5. Mgk, 3F T
TGF-B. IFN-y /K-, E:E K35 PBS 4H—8 MK, 45H1
FW, MCGP SR/ R84 28 AR B e 193 0%
N, Xt Th2 B R A5 @ & Il vE A, R 4EdF Thi
RS N, AT Thl/Th2 WA, 6ok, @ ATaEfEaE T TR 40
fii(regulatory T cell, Treg)a%E, HIRK W] 5EE MCGP &
AR T A BUR RN, 3 MCGP-sIgE JaikiRgl
WEEN, SRR, H CGMP &5 HAGHIR 5
P B FERO, RIE i T Treg AOIEAH
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Fig.4 ELISA of peanut proteins with MCGP-specific antibodies (formal experiment)
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Fig.5 Levels of cytokines and inflammatory mediators in serum of mice
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Fig.6 Rectal temperature changes in mice after challenge
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Fig.7 Circular dichroism analysis of peanut proteins and MCGP
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F 1 Arahl I REEMLLH

Table 1 Secondary structure ratio of Ara hl

IR o-BRTE/% BB % TERLE /%
CGMP:PN=0.2:1

PN 0.05 0.47 0.48

MCGP 0.05 0.47 0.48
CGMP:PN=1:1

PN 0.07 0.45 0.48

MCGP 0.05 0.47 0.48
CGMP:PN=5:1

PN 0.04 0.48 0.48

MCGP 0.05 0.47 0.48

F2 Arah2 FZRLEMLEEH]

Table 2 Secondary structure ratio of Ara h2
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CGMP:PN=1:1
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