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Abstract

This research was conducled to study the effects on antigenicities (allergenicity) and structural changes of
gamma—irradiated hen’s egg albumin (ovalbumin, OVA) by heating. Three groups of OVA solution (2.0 mg/mL)
were prepared; 1) heat treatment; 2) irradiation after heating; 3) heating after irradiation. Samples were isothermally
heated and/or irradiated at the absorption dose of 10 kGy. Competitive indirect ELISA was individually formatted
with egg—allergic patients IgE (P-IgE), and mouse murine monoclonal IgG (M-IgG) and rabbit polyclonal 1gG
(R-1gG) for evaluating binding abilities of antibodies to OV A in the sample solutions. Binding abilities of antibodies
to thermally denatured OV A. were changed: R—IgG to the sample treated with above 60°C, M-IgG to that above
70°C, and P-IgE to that above 80°C, respectively. P-IgE did not well recognize OV A heated at 80°C and the above.
However, binding abilities of M-IgG and R-IgG highly increased. Significant differences of binding abilities
were not observed in all samples with the combination of heat treatment and irradiation, regardless the order
of the treatment. Turbidity of samples increased both by healing and by irradiation, and the increase by 1rradiation
was much higher than by heating. These results showed that allergenicity of OV A reduced by gamma irradiation

was not affected by heating.
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Table 1. The conditions of ELISA for establishing standard curves of three antibodies and the characteristics

Concentration of coated Dilution rate of

Dilution rate of Detection range Detection limit

Antibody antigen (ug/mL) primary Ab secondary Ab-HRP (Mg/mL) {pg/mlL)
Patients’ IgE 10 1:50 1: 1,000 39~125 0.1
Mouse IgG, monoclonal 1 1:10,000 1:20,000 7.8~62.5 0.01
Rabbit [gG, polyclonal 10 1: 2,000 1:10,000 7.8~1,000 0.1
A7 FHEE AFEEl 4 A OVA A FE TFETA L A 2189 general linear procedures, least square 3 F3k
zZad &lgd el £ Duncan®] multiple range test™ & A-&3}e] 3 7}a}ed o},
OVAe| Zot ol DE

A zga el A s} uh-33lE OVAE A #sl7] 93 ¢
o} -2 wpil 0 g ELISAE AA)st¢dvt. & OVAZF 24 5
A blocking® ] 9l& welldl] ZH7He] Al E4-91-8 20 ng/mL
2] FE& Bt g A4-H1) A 50 LA Felstz v
Al A A Z4 N 2R3l OVAS} 34 9}b¢] k345 = A}
ate] TEFelA] -2 Ao vigisle] OVAL] =&
HEsA )

AW EEIT w5}

ukal mabe} Fhd Al ot A 84N s W
= 3517 93] Chan 5(20)9] ¥ & AR&-8te] 23514
o} 7 9 ek AR A E-2e0-4 340 nmE 7 A% spec-
trophotometer(PC-1600, Shimatzu Co., Inc., Tokyo, Japan)
4 FREE S 2 3he AR EREE et

21 "ol U EAXE

2554 A48 A8 2 Ao

5 ow, OVAS| A2 A]i%ﬂ—J THE S
242} 58] uhE A A)sje] Qo3 A& SASY software(21)o]

Bl $UT 49 e 53

OVA Hahe 93t 2524

A 55l B3t
g Az A4 st vk Fig. 1), 7-}.& =AlelAl @12l OVA
2] 7% w9 9 A% §=x Table 1o Vet itk M-1gGr}

7 =L gkl %&U}*‘ - Vel om| P-TgES} R-1gG
B A8 2 e 184S el e gk A3

o R R S Ol%-
HAgol ¥
Aekg 5 9leh(22). =
AR FAe] =& A2
41 8}7] EH—‘?—OM (1), &
[gGRc} o] 2 FAZHH S eyt
P-IgE9] E LISAoM OVA-a— 39941 125.0 ug/mL 2] &4
WA OVAS Z&% + ddon, olde 2F A=
0.1 pyg/mL2 epgth M-1gGE &% ¥ ELISA| A= 7.8
oA 62.5 ng/mL2] HE HN-F vetd v, H & A = 0.01

| W Fem asvs A
S5 v 39 &0 A A

gie] AL g2 gA R 3
FTrd Mz A ZAFUE
—?ﬂ]ﬂi M-I1gG7}F P-1gEvt R-

rL]o

=3
=
=

r° o i

ng/mLel 9%, R-IgGE AH8-3 EEF 4 <A OVA= 7.8
12 - .2.0
P-IgE M-lgG 16 R-lgG
1.0 4
E [ 1.6
=
o 8
M | 1.2
©
2 6
o}
= 8
o L
O A4
O
| 4
2 4
X = e((1.317’-Y)IO.24:{1) x = E((2‘3123 -Y)i0.5889) x = e((‘.QED!-Y)ID,ZHS)
R? = 0.9945 R?= 0.9997 RZ=10.9952
0 0 T T T T T T T T T T T T T L T T T T T T T T LI
19 39 78 1586 312 625 125 250 3.9 7.8 15.6 at1.2 625 125 3.9 78 156 312625 125 250 500 10002000

Concentration of ovalbumin (ag/mL)

Fig. 1. Standard curves for quantifying intact ovalbumin (OVA).

The curves were made by Ci-ELISA individually formatted with egg -allergic patients’ IgE (P-IgE), mouse monoclonal IeG (M-IgG)
and rabbit polyclonal IgG (R-IgG) against OVA. Standard solution was prepared by dilution of intact OVA solution (2.0 mg/mL).
The equations in figures were used to determine the amount of OVA in sample solution recognized by Ab: X = Concentration of OVA;
Y = 0D value obtained from immune reaction of each Ab and coated OVA.
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Table 2. Detected concentration (ug/mL) of ovalbumin in sample solutions heated at the designated temperatures by ELISA
individually formatted with the different antibodies

Temperature (°C)

e 1)
Antibodies 3 60 70 7 & % %  Boiled (100) Autoclaved (121)
Patients’ IgE 10.3° 99 1057  95% 61 19% 1 1.3% 13%
Mouse IgG, monoclonal  112°  120% 172" 12147 25837 34697 2809" 20447 170.7%
Rabbit IgG, polyclonal 103 3667 17167 8674° 16536 7537 1337 9.3% 10.4%

Means (n=5).

YHeat treatment to samples was isothermally processed in the designated temperatures for 15 min.
“"*Means in the same row with different letters are significantly differences (p<0.03).

*#Means in the same column with different letters are significantly differences (p<0.05).

Table 3. Detected concentration (1g/ml) of ovalbumin in sample solutions 10 kGy gamma-irradiated after heating at the
designated temperatures by ELISA individually formatted with the different antibodies

Temperature (°C)

B Y
Antibodies 37 60 70 7 80 85 9  Boiled (100) Autoclaved (121)
Patients’ IgE IS W e O SO O S U AR (S 05" 0.6
Mouse IgG, monoclonal — 495%  57.4% 508" 523" 4767 434 4037 36.17 476~
Rabbit IgG, polyclonal 4147 43% 645 4717 3087 93¢  110¥ 737 1.3%
Means (n=5).

YHeat treatment to samples was isothermally processed in the designated temperatures for 15 min.
@ ”]V[eanq in the same row with different letters are significantly differences (p<0.05).
“"Means in the same column with different lefters are significantly differences (p<0.03).

Table 4. Detected concentration (lg/ml.) of ovalbumin in sample solutions heated at the designated temperatures after gamma
irradiation of 10 kGy by ELISA individually formatted with the different antibodies

Temperature ("C)

. oD
Antibodies 37 60 70 75 20 85 90  Boiled (100) Autoclaved (121)
Patients’ IgE 18 1 s 09 09 o7 10¥ 117 117
Mouse IgG, monoclonal 5227 695" 764" 828 9267 10737 111.9% 10057 1059
Rabbit IgG, polyclonal 23.7% B8 14.8¥ 89¥  125¥ 6.3%  159% 22.7% 205%

Means (n=5).

YHeat treatment to samples was isothermally processed in the designated temperatures for 15 min.
“"*Means in the same row with different letters are significantly differences (p<0.05).

*““Means in the same column with different letters are significantly differences (p<0.05).
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Table 5. Optical densities at 340 nm of ovalbumin solution (2.0 mg/mL) treated with the combination treatment of heat and
gamma irradiation of 10 kGy

Temperature (°C)

- 1)
Treatment 37 60 70 B 80 85 90 Boiled (100) Antoclaved (121)
Heated 0.013% 0023 0020”0026 0069 0178 0200% 02107 0.214*
Heated and irradiated 1124 1185 1193 13147 2121¥ 19807 18417 18417 1.681"
Irradiated and heated 1200 12007 1313 13377 1.327°7 12667 1364”7 130277 1.211¢

Means (n=5).
“Heat treatment to samples was isothermally processed in the designated temperatures for 15 min.
e fMean:, in the same row with different letters are significantly differences (p<0.05).

““Means in the same column with different letters are significantly differences (p<0.03).

Axjelshel W gA 2 A A2l el ahat FoHEH & 2 o
A% A TIRAY, A Chd AR % ek 2T

£ A% ek R-1gGH A% M-IgGelA o} 2ol 7 o] 7 Ao FAAY L els] 99 2ohal
ohil 2abel o e1-gA] DgAe) 27T 2419 OVAS) B@ 7k A7} 24 (ei4) o &

H3tol ¥ X E P& 241817) 99 SAH Gk OVA £
ot = o (20 mg/mL)& 1) 7HRART 2) FHd F 24T ) 24 F
74}3112 ;;j A}Rl-tum_ﬂj:ﬂl] 2 vj ;‘l Jldxe] 7R 2usgch A 2e AY o s sl e
=y 8t7] #18) Al 5g-de] EHE HAE & 5 7bobd ZARE 10 KGyS) B ebe 9 w2 2AMShE )
32 sdH(Table 5. 7k 15 A58 E5=st 2 7%];1-%%] A7 = #FzLe] A QVA e A= FF
7; e ]:] 9(]) (H:O] ):;j__ﬂ]_ uﬁﬁ 7‘]—‘15;: E}}Lﬁzl:j {‘fr 7‘:}:} Z2FAM-1g&)e} o EELAR-IgG)F A-8-51¢] Fg=
o8 = 7 | S8k Aol HaAH % ARTFA F 2w S RS ALgsed A B8olo] 9= OVA

co] Ahe o ALE A A wAE AT FAR AT i A

9] 39134 WAL 2R sty dHAE OVA 51

'L- lza'_ﬁﬂ ll 14) 7]:]_1:-'_/‘% A]—oﬂ 9.:’2‘7]— —%—°"1H E}H-H%JE] _] ] H}- /‘c; = 54 ¢]’9\AE}' i ) OVAoﬂ EH?S']‘
Szt ol Ao MAEG0m e EAle] ga e  CNEe S RIaGrt60°C, MIgGrE 70°CH-E], 1w P
IgES] 7% 80°C% Waelr] Aztsigiet. P-Ighe 80°C

NEEYHS| BET wis|

N'—Ll

1.1|o_‘;lr
o

AL dubF el std Al o geE A"t A N . o 1 ol x o
S 2 % QEHR). b A el 8} 2puba) Zaps] @4 o] 14e] £xef A 7td g OVAE 3 q14]312] R3lsde), ubed

oll, M-IgGe} R-TgGe) 7% 7k 28] OVAs ot 542
HhgAd o] A3 Frlste Ao 2 vhebdet Zhebd 2a)e)
7hd el 9] HEA2) Y OVAd it P-IgEe] 3h1-314] 1k
Aol Tl e G2 A £4%bE BAGC] BE VHEE

ZollA] 7hA A2 of gk 2 EE vheb A efgieh 7HE A
eleh okl 2ol A 284 9] Egnrt nF F7hsd

A 7k F ekl ALl A 80°CAbH) ER RS b 2
ZE R, 7HE A B 2 OVA] A& 2hehd 247} Al <l
TEASE dog] ZoR g ek 24 F7bd A
BTl A Eee] Wyt S g Aw, shd ARl
ek 2AT) Ble) A 2] 250 me} & 2ol vhehyA)

£ goieh o) ATE bl 209 FAAAG TN & o
Wzl Bl A wi ulElel wWale] RlaEx] ot —;—7-, 7l el Brpe Zhopad 2alol 23 EEEe] £7]7) b
o F-E=E 2. ~]od | ZtolA] =oALy A

= 7}_1% ]}\]-E’]-U:] 7]_‘3]_}‘:1 }_}\]-—'-7]-@2:[3-]:1101/(‘] 6‘1—_?\-_ '°L2:|] TI};}:E:I_._O] é"'}EL /] 3_2‘]1117] o ]‘d )\]"‘:10—] 71}.1_51

o o] 9l OVAS] g4 o & 43S =R A 2= AL vt
uh-g-Ad o) WSty A o] ;e =] ob-2 A3E(Table 4)3} qeieh
S FeAbsA Yeb, =9, A8 EREd) vlAE e T
A ®obs bl 2abel 93t of o] o] Zuke A v}

Ztarel 2

gt

AR Ao} zhobal mabel w4 A oA A B

X = 3% zH 8 = o 7N vk 3l 2] 2]

11_,-]2] O]._Ca___q .7_7.24 ﬂ:};]_ ol E‘Q%_/"*(‘QE‘]Z]*%)O{] tﬂﬁ]— 0:1__[1‘ i‘_ ‘5 —Z-L ]’?’Z] ﬂdZ}:ﬁ 6—?:—}7] F\i;'_[L/HHw,-‘-l’Zﬂ ] =]
= B3R ol gol frrs AEAT 2R Faegs o= THANLA, 2 Aol AR
g A7t el 2] GAE A8 Avkal ZAp ’il% ] o -
o g U el A ol v A B o B3k 7 s A E e z B
A PlAE BAE Ol S sl AR Fusbe R
I Sl | TN QA AATE AT SIS G B o s
AE A== At deR -2 A4 7]7) ¢35 8ka) 2. Yunginger, JW. : Food antigens. In Food allergy: adverse
S IE P A e E o el X A e] WEkE U reactions to food and food additives, Blackwell Scientific

e B o Publications, Boston, p.50-53 (1997)
Bf A wette 7|2AEE ATt 3. Langeland, T. and Aas, L.: Allergy to hens egg white : clin-



9.

10.

11.

12.

14.

Zehd 2AE ) Rl ReAe] A e 9

ical and immunological aspects. In Food allergy and intol-
erance, Brostoff, . and Callacombe, 5.]. (eds.), Bailli re Tindall,
London, p.367-374 (1987)

. Hefle, S.L. : The molecular biology of food allergy. Irmmunol,

Allergy Clin. North Am., 16, 565-590 (1996)

. Asselin, A., Heberl, J. and Amiot, . : Effects of in vitro prote-

olysis on the allergenicity of major whey proteins. /. Food
Sci., b4, 1037 1039 (1989)

. Schmidl, MLK., Taylor, S.L., and Nordles, J.A. : Use of hydro-

lysate-based products in special medical diets. Food Te-
chnol., 48, 77-85 (1994)

. Taylor, S.: Food allergy-The enigma and some potential

solutions. J. Food Prot., 43, 300-306 (19R80)

. Matsuda, T., Tsuruta, K., Nakabe, Y. and Nakamura, R. : Re-

duction of ovomucoid immunogenic activity on peptic frag-
mentation and heat denaturation. Agric. Biol Chem., 419,
2237-2241 (1985)

Thayer, D.W.: Wholesomeness of irradiated [oods. Food
Technol., 48, 132-135 (1994)

Shea, K.M,, Balk, 5.7, Gitterman, B.A., Miller, M.D., Shannon,
MW., Weill, W.B,, Galson, $.K,, Linet, M., Miller, R W., Rogan,
W., Coven, B., Bearer, C.F., Etzel, R.A., Goldman, L., Hal-
brook, B., Kaferstein, F., Keener, K., Thayer, D.W. and Hall,
L.A.: Technical report’ Irradiation of food. Pediatrics, 106,
1505-1510 (2000)

Byun, MW, Kim, ] H,, Lee, JW,, Park, JW., Hong, C.S. and
Kang, 1.].: Effects of gamma irradiation on the conforma-
tional and antigenic properties of a heat-stable major allergen
in brown shrimp. J. Food Prot, 63, 940-944 (2000)
Filali-mouhim, A., Audette, M., St-louis, M., Thauvette, L.,
Denoroy, L., Penin, F., Chen, X., Rouleau, N., Le Caer, J.I",
Rossier, J., Potier, M. and Le Maire, M. : Lysozyme fragmen -
tation induced by 7 -radiolysis. /nt. J. Radiat. Biol., T2, 63~
70 (1997)

. Kume, T and Matsuda, T. : Changes in structural and anti-

genic properties of proteins by radiation. Radiat. Phys. Chem.,
46, 225-231 (1995)

Lee, JW., Kim, J.H.,, Yook, H.S., Kang, K.O,, Lee, $.Y., Hwang,
H.J. and Byun, M.\W.: Effects of gamma radiation on the
allergenic and antigenic properties of milk proteins. /. Food

18.

19.

853

Prot., 64, 272-276 (2001)

. Lee, JW., Yook, H.S., Cho. K.H., Lee, 5.Y. and Byun, M.W.

. The changes of allergenic and antigenic properties of egg
white albumin (Gal d 2) by gamma irradiation. J. Korean
Soc. Food Sci. Nutr., 30, 500-504 (2001)

. Koch, C., Jensen, 8.5., Oster, A. and Houen, G. © A comparison

of the immunogenicity of the native and denatured forms
of a protein. APMIS., 104, 115-125 (1996)

. Peng, H.]., Chang, ZN.,, Tsail. L.C., Su, SN, Shen, H.D. and

Chang, C.H.: Heat denaturation of egg-white proteins abro-
gates the induction of oral tolerance of specific Th2 immune
responses in mice. Scan. J. Immunol., 48, 491 496 (1998)
Holm, N.W. and Berry, R.]. : Manual on Radiation Dosimetry.
Marcel Dekker Inc., New York (1970)

Lee, JW_, Park, J.H., Kim, C.]. and Shin, H.K. : Monitoring
thermally induced conformational changes in bovine muscle
rmyosin salutions hy competitive indirect enzyme-linked im-
munosorbent assay (Ci-ELISA). Int. J. Food Sci. Technol.,
33, 411-418 (1998)

. Chan, J.K,, Gill, T/A. and Paulson, A.T. | Thermal aggregation

of myosin subfragments from cod and herring. J. Food Sci.,
58, 1057-1061 (1993)

. SAS 1 SAS/STATY User’s Guide. 6th edition, SAS Institute

Inc., Cary, NC (1988)

. Kim, ].B. : Development of chemiluminescence irnmunoassay

for the measurement of plasma steroid and urinary steroid
glucoronides. PhD. Thesis, University of London, UK (1933)

. Galazka, V.B., Smith, D., Ledward, D.A. and Dickinson, E.

: Interactions of ovalbumin with sulphated polysaccharide:
effects of pH, ionic strength, heat and high-pressure treat-
ment. Food Hydrocol., 13, 81-88 (1999)

. Koike, A., Nemoto, N. and Doi, E. : Structure and dynamics

of ovalbumin gels : 1. Gel induced by high-temperature heat
treatment. Polymer, 37, 587-583 (1996)

. Kaminogawa, S., Shimizu, M., Ametani, A., Hattor1, M., Ando,

0., Hachimura, S., Nakamura, Y., Totsuka, M. and Yamauchi,
K. : Monoclonal antibodies as probes for monitoring the de-
naturation process of bovine B-lactoglobulin, Biochim Biophys.
Acta., 998, 50-56 (1989)

(2001 74 28Y A9



