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The Allergenicity of Ovomucoid in Treated Egg Whites to Human
IgE Antibody from Egg-Allergic Patients

Ju-Hyune Ryu, Hyun-Jung Kim, Gangmo Ahn', Sang-Il Lee', and Dong-Hwa Shon*
Korea Food Research Ingtitute
Department of Pediatrics, Sungkyunkwan University School of Medicine, Samsung Medical Center

Abstract The ovomucoid (OM) of egg whites is recognized as a mgjor alergen. Here, the dlergenicity of OM in egg
whites (EW) trested by chemica, enzymatic, and physiologicad methods were investigated by competitive inhibitory
ELISA using human IgE antibody acquired from egg-alergic patients. Enzymatic hydrolysis, irradiation, and succinic
anhydride treatments did not reduce the alergenicity of the OM effectively. Allergenicity was reduced to only 1/20 by
deglycosylation with trifluoromethanesulfonic acid (TFMS). Heat trestment of the OM a 121°C for 10 min reduced
alergenicity to 1/100. Furthermore, NaOH (over 3%) treatment reduced alergenicity to 1/10,000, and the combinatory
treatment of NaOH (over 0.3%) and heat (70°C, 15 min) reduced it to less than 1/10,000, which was the most effective
method. In this study, which analyzed treated EW using ELISA and patient-derived IgE, the OM dlergenicity was nearly
the same as its antigenicity according to ELISA using rabbit IgG However, in the case of the TFMS-trested EW, the
antigenicity was much lower than the alergenicity. These results suggest that the dlergenicity of OM is dightly different

from its antigenicity.
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Table 1. Clinical history of egg allergic patients whose sera were
used in thisstudy

Score?
Seum  Age o, RAST v, CAP), ————
No. (years) PRU/mL kUA/L  Egg Egg
white  york
1 0 M 16.7 - 2 0
2 0 M 17.6 - 3 0
3 2 M 436 - 2 0
4 1 F - 737 2 2
5 0 M - 269 4 4
6 0 M 178 - 3 0
7 0 F - 252 2 1
8 0 M - 28 3 1
9 1 F - 69.2 2 2
10 1 M 2001 - 6 5

YRadio-allergosorbent test

ACapsular alergen product test

ITest results were interpreted to score according to the manufacturers
directions; negative: 0, borderline: 1, positive: 2, strong positive: 3,
highly positive: 4-6.

42 SKM Egg Product Export Ltd.(New Delhi, India) A<
ARSI Tl ESe OA, OM, egg yolk(EY), conabumin(CA),
lysozyme(LZ), EAIF-(SM), w2t 74 (1SP), bovine serum albu-
min(BSA)(Sigma Co., &. Louis, MO, USA)E A3 E4
+ bromdan, papan, ficin, trypsn, pancregtin, pepsin, Aspergil-
lus oryzae f21¢] protease(A.O.), Sreptomyces caespitosus 2 <]
proteese(S.C.), Bacillus polymyxa 5-21<] protease(B.P)(Sigma Co.),
Havourzyme(Dagong, Seoul, Korea), Proteese NP(Pacific Chemi-
ca, Seoul, Kored), Protamex(Novo Kores, Seoul, Kored) 52 A
Eslsieh A dul2r] S A2 XS Lot
Wesid o249 ARk 427 F44E BAY A €3
© =2 cgpaular dlergen product test(CAP kit, Pharmacia-Upjohn
AB, Uppsda, Sweden)$} radio-dlergosorbent test(RAST)oll A 24
WSS WQl 1082 Al ARE-siSitH(Table 1).

BIxt €3 = IgE &H So|M
AT dEl27] 32 EF F IgE A9 Bolds 2=k 9
3 ¥] 7% 7+ ELISAE AAISHATE EW, EY, OA, OM, CA,
LZ, SM, ISP, BSAS ZHH T 2ugmLE 3|48t} AR
o} Z"dL 100ul® microplae wdlol] k2 EFsle] WA
oA B ARIEALE 012 AFHIAZ Al ¥ AlF S, well
of R2E|R] ke o] glAL AASIY. 13 FAle FA
g3, 221 A= goat anti-human IgE, 223 33} A& anti-
goat IgG-HRP conjugateE ARE-3ted ¢1o] E7] A9} -2
oz AME EY. BE SoldS vehle d8H
7P w8 A e dAE o2 deAa deE)
ZAbol AMgEnh. FAdS Tl Z+ AR 3 33 Wk
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a4+E bromean, papain, ficin, trypsin, pancredtin, pepsn,
A.Q., SC, B.P, Havourzyme, protease NP, Protamex®@ & 12%
& ARSIITh S SR § 7 el HF kg pH
2 2430 de] vl vt 6%(wiv)E Al AL 7]

g2

AE(Q)eF o] TS FHT 1%wh) T=2 =9 F
60, 80, 100, 121°CoA+ 3087k FA skt olf, 100°C 2]
THRe F25EE o83, 121°C Hels Fdg o183t

NaOH *{2|

e Ay EHE HAerF17] SJE Hisaomi S(11)9]
< #Fx3l Ryu 599 WHEH FL3 NaOHE ] A7
of ARttt &8 WS SRHl Fol 5%wh) EHE
=2 vHE 3, NaOHE 003, 04, 03, 1, 3%Wwh)2] == 7}
&to] 50°C @2zl 2417F &<t RkAIZITE NaOH= A2
g G e die SRFE FAseH YAl gz

A T0CAN 1587 AAE N F, FREE FASE

7|El BHEHN, 2218 2|

Ryu 5(9)2F 7] trifluoromethane sulfonic acid(TFMS)2] =12
s slekd oz WYA|7]7] 98] Edge 5(12)7 Gu 5(13)
A= AYsAth. TAMS 2mL3 anisole 1mLS ¥
, °C2 F9 AATH 10mL ¥+-3-g7]o] 2g
g anisole TAMS £ 3mLE Yo &, AAvlA=E 30k
13T EES AoHA] PColA AIZE B9t HESA
| F3]o] 2712 diethyl ether(-40°C)S 9lo] &3tE<] ¥
T F A20M X5 ethesS AA3KITE Diethyl
er 5437 eha3 AAE 23] © BRI BHEES S/TF
2 FA3 & table top centrifuge MF-80(Hanil Science, Seoul,
Korea)= 9414-2](3,000rpm, 10min)sle] A4 A& FHslaL, v
£ B oF2T succinic anhydride * 2|9} WA ZAE
Ryu 5(9)%] el wet fstai.
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7 HE ELISA
A o] dEEnAg HEE Al Y8id e AT

o] Y27 WslE AP flEiME Wils, oMe] EEE
714e OMS ZEH A 2ugmLE 34813tk ©]2 100 uL
A microplate wellell 22 BFste] WAaroA] sl A28k
ok oA AAWIAR Al ¥ AHT o, A =9 AT
A3 SGAE(103%10° mgmL)E A5 O AElEs 55 &%
st o] £t 7F wel © 100uL® ¥ 147 HESAIRL
2, 23 3AE goat anti-human IgES AF-EFAL 33} A=
anti-goat 19G-HRP conjugateZ A3tttk 2+ Al o 3314
EAHS AN
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Table 2. Reactivity of human IgE antibody from egg aller gic patients toward various aller gens deter mined by EL1SA*

Serum No. EW oM OA CA LZ EY SM ISP BSA
1 0.1637 0.1323 0.1430 0.1820 0.1930 0.1720 15347 0.2310 0.3587
2 0.2057 0.1383 0.1417 0.3127 0.1847 0.1670 1.6360 0.2083 0.1980
3 2.0063 2.1830 0.6313 0.9387 0.6623 0.5827 1.3603 0.3943 0.3213
4 0.4540 0.6780 0.2287 0.2083 0.2230 0.2350 1.4303 0.2970 0.3233
5 0.5893 0.4940 0.2130 0.2373 0.2690 0.2310 0.9990 0.3233 0.2477
6 0.4910 0.3123 0.3487 0.3423 0.4017 0.3437 1.8210 1.3800 0.3233
7 0.1863 0.1627 0.1723 0.1800 0.2417 0.1853 0.7750 0.2280 0.3240
8 0.2187 0.1717 0.2010 0.1887 0.2077 0.2363 0.5830 0.2667 0.1797
9 0.9823 0.9337 0.3410 0.5317 0.5497 0.3830 0.9233 0.4107 0.4020

10 2.1663 1.968 0.3737 2.0207 1.2307 11723 1.6587 1.5087 0.3540

Plates were coated with egg white (EW), ovomucoid (OM), ovalbumin (OA), egg yolk (EY), conalbumin (CA), lysozyme (LZ), skim milk (SM),
isolated soy protein (1SP), and bovine serum abumin (BSA). Every valves of IgE were shown.
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Fig. 1. Inhibition analysis of binding between egg white hydroly-
sate and the serum of egg allergic patient. The binding of human
serum (No. 3) to ovomucoid was inhibited competitively by EW
hydrolysate. EW was hydrolyzed with botanical proteases
(bromelain, ficin), animal proteases (pancrestin), and microbial
proteases (Sreptomyces caespitosus (S.C.)).
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Table 3. Comparison of change rates of antigenicity and aller-
genicity determined by CiEL I SA

Change rate”
Treatment — —
Antigenicity 2 Allergenicity®

EW (control)® 1 1
Ficin (enzyme) 1 1/50
S.C. (enzyme)® 1 10
Bromelain 1 10
Pancregtin (enzyme) 10 10
Other enzymes” 1 1
Heat (100°C) 1 1
Heat (121°C) /250 /100
NaOH (0.3%) 1/50 /50
NaOH (1%) < 1/10,000 1/5,000
NaOH (3%) < 1/10,000 < 1/10,000
NaOH (0.3%)+Heat <1/10,000 1/10,000
NaOH (1%)+Heat < 1/10,000 < 1/10,000
TFMS? < 1/10,000 120
Succinic anhydride 1 1
Irrediation (10 kGy) 1 1

YChange rate = 1C,, of native EW / IC,, of the treated EW
2Antigenicity was determmed by C|ELISA using rabbit anti-OM
antibody.

IAllergenicity was determined by GiELISA using dlergic patient's
serum (No. 3).

YEgg white

9Protease from Sreptomyces caespitosus

9They are papain, trypsin, pepsin, Aspergillus oryzae protease,
Bacillus polymyxa protease, Flavourzyme, Protease NP, and Protamex.
Trifluoromethanesulfonic acid

Tt 121°CE 1087 32 AgE o] 3¢
AEE Yelt OM gel27]14¢] 1100 A= #4ad As &
AATHFig. 2). ©] A= HAE(10)2) OM FUAde] 1250 A=
2 ZHgk Ao va AR Hl=g A3 Beivk(Tale 3).
g, 100 $Ae] FAE ARS3E A5, 100°Ce] AN E
0%11871*40] /1,000 52 7FA3193, 121°ColA = 1/10,000
AR zh4ste] AdrE 3T o Ao X g, €4
23t vale] OM gE27]4ge] AA ZAE AeZ JeRdth(r
F U, olA7RA 8] AF-Ee] wER olzjg 4Ee OM
o A&4 FAA7I7E EAE] OMe] FAT dHET1E8e
Al S8 HFHA e dHA 313(13,22) ol Hhst
of, Fx23 FLAA7I= Al o Fx7F 47 Wsto
epitope2] oé_‘% soHE e Zo® I Stk mEA 9
AzR= 109 3xke] IgE A7 DA zel o8 Fxrt WAE=
24 FLAR 7l whgatar 3 9 e IgE FAE Y
Ao g dojl Y3 A&H FAAF79 F2E WHehe Ao
2 AQzhEch oMU 443 FLA477F EAEtE A o
AellA] ZR1= A=, Cookest Sampson(23)> OMS 43k
897112] decapeptideS WHE ¥ A wHAIZl Az, 50% ©]
el A oA IMEE FH HHEAME S BHEIA,
Minee}t Zhang(24)= OM<] 3/l domaindl] 552 = EAlsl= A
&2 FAEA7IE B
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Fig. 2. Inhibition analysis of binding between the heated egg
white and the serum of egg allergic patient. The bindings of
human serum (No. 3) to ovomucoid were inhibited compe- titively
by the heated EW. EW was heated at 60, 80, 100, and 121°C for 30
min.
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Fig. 3. Inhibition analysis of binding between NaOH treated egg
white and the serum of egg allergic patient. The bindings of
human serum (No. 3) to OM were inhibited competitively by NaOH
trested EW. EW wastreated at 0.3, 1, and 3%(w/v) of NaOH for 2 hr
a 50°C and dialyzed against distilled water.

A=, OM2] L2712 HSEA 0.3%(wiv) NaOH &&=+
B o] dejEsgE gass] AR, 1% sl &
J,}xq o= 7]'/\51‘* 7—] oz L}E}‘;&E}_ ‘d"ﬂl]g] %H]Eﬂ’é %i}@r
oMe] L2714 Wal o] SAlelgon o= dxg2 o
23 OM oLaleﬂ/H,,]. o] delEr)Age) 7hael A1 4
2T}, 3, Ryu 5(10)2] NeOH A7} &9} nhaix =
=713 7”“011E FAHUAS & F Uodh AR, Gt
OoMe] &9948 1%(wiv) NaOH FX=%E 1/10,000 o]no 2 7
28 Wb, sk oMel °‘EﬂE7Vée 1%(wWiv) NaOH 5]
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Fig. 4. Inhibition analysis of binding between the egg white
treated with NaOH, followed by heating, and the serum of egg
allergic patient. The bindings of human serum (No. 3) to ovomu-
coid were inhibited competitively by the trested EW. NaOH
trestment was done for 2 hr at 50°C, followed by heating at 70°C for
15 min.

A /5,000 AEE A AL 3%(W) NaOH F=olA Aol AL
gHe AR vehgt o] Aik= 9, 108 #4293 o183
A= tAR ARl YERR AL AaH o m g =)ol
FA9ET QA Zase e & ddti(Tale 3).

NaOHet ¥x{2|o] ofst =7 |d s}

AR A3 (10)914 NaOH Aot Ex2& Walsh= #yol
A el 7P AL Ao E vERd, WS NaOHE A
ek &, 70°ClA] 15%7F Exels o] e Er1A wskE
ZAFsloltt. Fg. 49k 3ol A7) A whie] IC;2 2ugml F=
AL 0.1%(wh) T2 e Fie] |CS 45ugmLE YERY
oMe] LHElE7|40] 125 B2 743 0.3%(wh) SE2
A gk dale] |G fatete] EA¢ Ax 170,000 ugmlE =
2 Ueht ¥ E7]4de] 1100000 AEE Holon 19%wiv)
T oAM= oMo dElE7]do] iR ARzl 2o o
ERSiT. NaOH A2j9 EA4E)E Walshks Wiol 22 NaOH &
TollA NaOH ©5Ae] AlHth 42714 e ts a3
d Aoz Jeltt o2 #AFAHE o83 A= FARE &
Fe Hof Flom, olejgh Ayl H.e] NaOHe} Exjgel ¢
o] gkl wislele UX3Hh.
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TFMS, succinic anhydridex 2] 2 WAMAZAL] digk OMe] &
2714 HalE 2AEIITE TRMSS ARRsle] e A3t
W TAMS7E OMe] BHlE AASIL EFRlAs@de] 4 &
F= el Roz 484 uH13). TRMSHE F 3ix 93
< o] &3t dHEIIHS Yol A}E Fg. 5ol eI
o) |Gy 2ugmlSE, TRMSE 223 dle] |Ce 40ug/
mLAeE= oMo dal27]4de] oF 120 HErt THad Z10=
el th(Table 3). ©1383t 23= Ryu 593 Ryu 5(10)2] Al
%39 E73A) (anti-EW, anti-OM, anti-OA)S ©]&-3F Juio] 3}

347
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Fig. 5. Inhibition analysis of binding between the serum of egg
allergic patient and the egg white treated with trifluoro-
methanesulfonic acid. The bindings of human serum (No. 3) to
ovomucoid were inhibited competitively by TFMS treated EW.
TFMS treatment was done at 0°C for 60 min.
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