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Abstract

This study was carried out to assess the effects of electron beam (EB) radiation on the conformational changes
of ovalbumin (OVA), based on the early works using gamma irradiation. The applied doses of OVA used were
3,5, 7, and 10 kGy, respectively. The conformational alterations were measured with SDS-PAGE, GPC-HPLC,
and competitive indirect enzyme-linked immunosorbent assay (Ci-ELISA) using monoclonal anti-OVA IgG
antibody. Irradiation caused a degradation and/or an aggregation of OVA molecule. Inmunochemical structures
of irradiated OVA were altered by irradiation. Effects of gamma and electron beam radiation were similar at
the same absorbed doses. These results may be used for inhibition of food allergy and development of immu-

nogen with EB radiation.
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OVA<2} mouse monoclonal anti—chicken egg albumin
clone OVA-14 IgG(mouse~IgG)+ Sigma Chemical Co.(St
Louis, MO, USA)9| A F-33}91 31 horseradish peroxidase
conjugated rabbit anti~mouse IgG+- DakoCytomation Den—
mark A/S(Glostrup, Denmark) 228 3t A& A}
43815t} AlF49-2> OVAE 0.01 M phosphate buffered
saline(PBS, pH 7.4)9ll 10 mg/mL2] FE2 &3 A]A F£v|3t
F g 249
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ZrebAl ZEAbe Co-60 ZHekal ZAFAIA(IR-79, Nordion
International Ltd., Ontario, Canada)$ ©)-§38}} 10+0.5°C
A AZFF 10 kGyo] A#FER 3,579 10kGyel & F+
Ae AEE zAsAE F4A1%F9] 29l Ferick dosi-
metry(ceric/cerous dosimeter)(23)& A}2319w Adege] &
A= 201 kGyolglth.

A= A 9] A= ELVA-eletron accelerator(Energy 1 MeV,
beam power 40 kW)E o] -&3lo] ZhebAd zAbe} EUG 2
FrAdss 253 A of 9 ofuix]= 1 MeV, con-
veyor?] X+ 10 m/min, beam currents 247+ 1.9, 3.2, 45
2 64 mARTh

Zebad 2 AR 241" OVA A3 482 4°Cell A3t
WA Aol AH-stsin.

Gel permeation chromatography(GPC)~HPLC

Lee 5-(7)¢] wHy-& W¥ st} GPC-HPLCA A Zhubal
2 Az 24 OVA Expe) #abgk wistg 23 s1qdn).
HPLC system- Waters Allience HPLC system (Mo. 2690,
MA, USA)el Protein KW-803 column(Shoko Co., Ltd,,
Tokyo, Japan)2 AH-g-3tgith 001 M PBS (pH 74)% 0] %
2+o 2 3] | mL/min®] §4 92 403 59t o] EA o
260 nm 2 280 nmel| A 8] F2=F SHIHE GPCE 25
£ (Thyroglobulin, MW 670,000; bovine IgG, MW 158,000;
OVA, MW 44,000, myoglobulin, MW 17,000; vitamin B12,
MW 1,350) Bio-RadA} 258 7913} 100 ng/mLS] =
=g ARgshgh

SDS-PAGE

Sodium dodecy] sulfate polyacrylamide gel electropho-
resis(SDS-PAGE, 5~15% gradient gel)& Laemmli®] 4]
@0 w2t A 2 A OVAS] A7]d5H &2
g Pastgdv)l. FEAF markers= Bio-RadAHe pre-
stained molecular weight marker(250, 150, 100, 75, 50, 37,
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25, 15 2 10 kDa)& Ah&-3heich.

Competitive indirect ELISA

Mouse IgGE- AH&-3to] ZHebd 2 2 xkAd 2419 OVAS
uH-3-3-& v str] 948 Competitive indirect ELISA(Ci-
ELISA)RY-& AH8-3131.2 7 native OVAS} 2AHd OVA 719}
A2 A1 32 Lee 5(25)9] whi-& AF4-8hed t}g-x} 72o)
A A stedth. & Polystyrene flat-bottom microtiter plates
{(Maxisorp, Nunc, Kamstrup, Denmark)ell 0.2 M bicar-
bonate buffer(pH 9.6) & A}-8-3}¢] native OVAE- 1 ng/mlL2
FEE 100 uLg H7Fet st 5 24 A 72, PBST
(PBS containing 0.05%(v/v) Tween 2002 33] A H3 %
v EolA uk-$-& ] sl 1%9 bovine serum albumin
(BSA) £9 120 pLE #7}3}¢] blockings+eit}h. PBSTE 33]
A A F AL OVA 949 50 uL¢} 0.01 M PBSZE 1: 25002
2 4% mouse IgG £ 50 uLE Arlsh kA &
PBST® A& s}l Horseradish peroxidase conjugated
rabbit anti-mouse IgGE 1:20,0000.8 343} 22} 34 =
100 L& A 7}s}ed wk-&-A17] ¥ 0.04% o -phenylenediamine
(Sigma Chemical Co.) 713 4-N-& Alg-3) WA 7] § 2 M
H:SO4E ¥h-8-8 24 A1 A ELISA reader(CERES UV-900C,
BIO-TEK instruments Inc., MI, USA)Z ©}&-3}<] 492 nm
N FFEE A8 OVAS) A o) wh-g-Ad & v w3}
k.
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Native OVA<2] main peak®] retention time-2 24.91 %]
A3 A s AR 24 OVA £ o) 24 8HE native
OVAE® 7zt 24.84%, 247180l Z&=o] Ao A48
GPC-HPLC 2212 953¥ 23t A8 & A g3l ) 2ebad
2D Az 2AHE native OVAL) 43 2 3 3 Folo 3he-
ZAM O] 1S F4 3] a3 oh(Fig. 1). WETF
9] main peak®] A 2 1 o] 3& 10022 B389
S v, 10 kGyE A OVAL WA % FH 3 Fo)l& 81~
84% 7r A= ARE 48 F At o} A= Lee 5(7)0]
B 38k 7deba 2A1E A9 tropomyosin®] 239} fA1gE A
gL vetdic} o] 23 WA el AR feElr]e BS)E
Frehe opvlate] A7) 2 WhekE Aby) o} wkgo| b 3
dolutes Zles ey Ioh(?2). E3Y, tyrosines?t trypto-
phan®] o} xAF-E 280 nmel| A o] FF =5 71219 260
nmal| A& phenylalanine®] ) 3% & zZH=th(26). 280
nm®] FFEe e el A4 BE AR g 3
28 A 7 260 nmell A= AR 2ARE OVA°] ¢ FHaH
= AL a3 4 9lodoh 280 nmet 28w o2 Al4la)
W, N E72) main peak 2} 10 kGy 2 FF5HEF FA}s)
A o) ek 2AbE o 65% AAadh wb AR FAbe
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Fig. 1. Area and height of peak of the gamma- (@) and electron beam-irradiated OVA (O) by analysis of GPC-HPLC at

(A) 280 nm and (B) 260 nm.

2k 84% Aastict weba e Ao F4% OVAE
7t g3l whe} ok & AR E eplie] AFol o2 vl 4
o)zt Qe HLR AEEHNA.

Davies(27)<= hydroxyl radical( - OH)*ll ¢} 3} tryptophan
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SDS-PAGE

740k o A 2AHE OVA & (43 kDa)-& 2AHA
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Fig. 2. Changes of chromotograms of gamma- and electron beam-irradiated OVA: (A) non-irradiated OVA; (B) 7 kGy-
gamma-irradiated OVA; (C) 7 kGy-electron beam-irradiated OVA.
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Fig. 3. SDS-PAGE of the gamma and electron beam-irra-
diated OVA: (A) gamma-irradiated OVA; (B) electron beam~
irradiated OVA.

M and numerals indicate molecular weight standard and the irra-
diation doses (kGy), respectively.
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Fig. 4. Binding abilities of monoclonal mouse anti-OVA IgG antibody to the gamma- and electron beam-irradiated OVA.
A/Ap means (absorbance at the last steps of ELISA in the presence of various concentrations of antigens)/ (absorbance in absence of

competitive antigens).

m is the slope of the curve obtained from binding rate of IgG to coated standard protein.

DEB radiation means electron beam radiation.

Aot Bt o) e AAEE sl & o, AR
A =g 5A f Al i ekt frAb 2H8-& vehd
v Aoz AaHEs 2 AT A Al 2 A S
o] 83 AFUdH =9 A 4 "WHY Az 7l ML
712 AFARE o] 48 £ A& AR AlEdrt

2 o
2 Q7o 2uhA L WAEo] ovalbumin(OVA)S)
72 Wste] vlAT G ¢ vl m Bralc, 22 OVA

<€3,5 7% 10kGyS FrAd%oz 7ot 9 Azt =4}
sty os e 2 T34l Wile SDS-PAGE, GPC-
HPLC ¥ &2 34§ 183 Ci-ELISAY 2.2 =24 319
t}. Native OVA #x}+= 3hebad 2 "AxpA 2abel] 93 49
3 4 S 3 =Hl o, 2AF Advke] 71842 OVAY £
Zbzko] ZhAdtgit). =3 OVAL A 3sba el 2= ukAt
A ZAbol] 23] 4l-3A ko] Aol ZAde Aew
eyt ot Ziebad 9 Axpad Ee ol & ol Yl o)A

o ABEL AE FAZALY AA 2 WAL Aol A
ARA 2ALS) 7| 2ARE o149 5 91¢ A2 ARAY,

aAtel 2

2 AFE o0 AR AFAPEARIS AUz
FaEslen, 1 Aol 7t =y

s

=
[R

1. WHO/HPP/FOS. 1992. Review of the safety and nutritional
adequacy of irradiated food. World Health Organization.
Organisation Mondiale De La Sante. Provisional Edition. p
24-25.

. Hayes DJ, Murano EA, Murano PS, Olson DG, Sapp SG.
1995. Food irradiation’ a source book. lowa State Uni-
versity Press, Ames. p 3-16.

. Byun MW, Lee JW. 2003. Application of irradiation tech—
nology for food safety and security. Food Sci Ind 36: 25-41.

. Lee JI, Lee M. 1999. Effects of electron—beam irradiation and
storage on cholesterol 7-derivatives products of meat. Ko—-



1174

10.

11.

12.

13.

14.

15.

16.

17.

WY - A2 -

rean J Food Sci Technol 31: 74-82.

. Koh KH, Whang K. 2002. Effect of electron beam irradiation

on the oxidative and microbiological stability of ground pork
during storage. Korean J Food Sci Ani Resour 22: 316-321.

. Ahn HJ, Yook HS, Rhee MS, Lee CH, Cho Y], Byun MW.

2002. Application gamma irradiation on breakdown of haz-
ardous volatile N-nitrosamines. J Food Sci 67: 596-599.

. Lee JW, Kim JH, Sung CK, Kang KO, Shin MG, Byun MW.

2000. The changes of allergenic and antigenic properties of
major allergen (Pen a 1) of brown shrimp (Penaeus aztecus)
by gamma irradiation. Korean J Food Sci Technol 32: 822~
827.

. Lee JW, Yook HS, Cho KH, Lee SY, Byun MW. 2001. The

changes of allergenic and antigenic properties of egg white
albumin (Gal d 1) by gamma irradiation. J Korean Soc Food
Sci Nutr 30 500-504.

. Cho KH, Yook HS, Lee JW, Lee SY, Byun MW. 2001.

Changes of binding ability of milk-hypersensitive patients’
IgE to gamma-irradiated milk proteins. J Korean Soc Food
Sci Nutr 30: 505-509.

Byun MW, Lee JW, Yook HS, Jo C, Kim HY. 2002. Appli-
cation of gamma irradiation for inhibition of food allergy.
Radiat Phys Chem 63 369-370.

Jeon GR, Lee JW, Byun MW, Lee SY. 2002. Reduced aller-
genicities of irradiated egg white ovalbumin determined by
skin prick test and ELISA inhibition test. J Asthma Allergy
Clin Immunol 22: 711-719.

Hayashi T. 1991. Comparative effectiveness of gamma-rays
and electron beams in food irradiation. In Food Irradiation.
2nd ed. Elsevier, London. p 169-206.

Kim WS, Chung MS, Ko YT. 1998. Effects of low dose gam-
ma ray and electron beam irradiation on growth of micro-
organisms in beef during the refrigerated storage. Korean
J Food Sci Ani Resour 18 232-239.

Vieira FF, Del Mastro NL. 2002. Comparison of 7 -radiation
and electron beam irradiation effects on gelatin. Radiat
Phys Chem 63: 331-332.

Davies KJ, Delsignore ME. 1987. Protein damage and deg-
radation by oxygen radicals: III. Modification of secondary
and tertiary structure. J Biol Chem 262 9908-9913.
Moon S, Song KB. 2001. Effect of 7 -irradiation on the mo-
lecular properties of ovalbumin and ovomucoid and pro-
tection by ascorbic acid. Food Chem 74: 479-483.
Katial RK, Grier T], Hazelhurst DM, Hershey J, Engler

AAE - AP - o -

18.

19.

20.

21.

22.

23.

24.

26.
27.

28.

29.

30.

o Fe

RJM. 2002. Deleterious effects of electron beam radiation
on allergen extracts. J Allergy Clin Immunol 110: 215-219.
Kim KS, Yang JS, Kwon JH. 2003. Method of detection for
irradiated foods. Korean J Food Preserv 10: 427-434.
Lee JW, Kim JH, Yook HS, Kang GO, Lee SY, Hwang HJ,
Byun MW. 2001. Effects of gamma radiation on the aller-
genic and antigenic properties of milk proteins. J Food Prot
64: 272-276.

Byun MW, Kim JH, Lee JW, Park JW, Hong CS, Kang IJ.
2000. Effects of gamma radiation on the conformational and
antigenic properties of a heat-stable major allergen in brown
shrimp. J Food Prot 63: 940-944.

Kume T, Matsuda T. 1995. Changes in structural and anti-
genic properties of proteins by radiation. Radiat Phys Chem
46: 225-231.

Byun MW, Lee JW, Sep JH, Kim JH, Jo C, Kim DH, Chung
HW. 2004. Changes of the immune reactivities of antibodies
produced against gamma-irradiated antigen. Radiat Phys
Chem in press.

Holm NW, Berry R]. 1970. Manual on radiation dosimetry.
Marcel Dekker Inc.,, New York.

Laemmli UK. 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature 227:
680-685.

. Lee JW, Park JH, Kim CJ, Shin HK. 1998. Monitoring ther—

mally induced conformational changes in bovine muscle
myosin solutions by competitive indirect enzyme-linked
immunosorbent assay (Ci-ELISA). Int J Food Sci Technol
33: 411-418.

Mathews CK, van Holde KE, Ahern KG. 1999. Biochemistry.
3rd ed. Addison Wesley Longman, San Francisco. p 133.
Davies KJ. 1987. Protein damage and degradation by oxygen
radicals: 1. General aspects. J Biol Chem 262: 9895-9901.
Lee S, Lee S, Song KB. 2003. Effect of gamma-irradiation
on the physicochemical properties of porcine and bovine
blood plasma proteins. Food Chem 82: 521-526.
Garrison WM. 1987. Reaction mechanisms in the radiolysis
of peptides, polypeptides, and proteins. Chem Review 87:
381-398.

Tuce Z, Janata ER, Milosavljevic BH. 2001. A kinetic study
of the mechanism of radiation induced agglomeration of
ovalbumin in aqueous solution. Radiat Phys Chem 62: 325~
331.

(20044 59 149 A< 2004 89 2 A



