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 Native ovalbuinin  CNOA) and  heat-denatured ovalbuiTiin  CHDOA) wure  digested wiLh pepsin,  trypsin

or  chymotrs.･psin. The  resulting  digests - ℃ re  eharacterized  by  their degree of  hydrolysis, using  trieine

sodium  dodecyl  slllfate  polyacrylamide  gel electrophoresjs  Ctricine SDS-PAGE),  and  by their degree of

antigenieity,  narnely  their binding activity  to the anti-NOA  rabbit  IgG anLibody,  using  an  enzyme-linked

irnmunosorbent assay. CELISA). When  NOA  was  digested with pepsin,  the  degree of  hydrolysis
increased with the time  of incubation CO, 10 and  30 min,  and  1, 2, 3, 10 and  24 h); that is, large peptides

of  MW  45,eOO-18,OOO ",ere  decreased and  small  peptides of  MW  15,OOO-2,500  ivere  increased. The

antigenicit,y  of  the NOA  digest after  24 h of  iricubation with pepsin  was  reduced  to 70,9 96 of that of

intact NOA;  hoivever,  NOA  was  barely hydrolyzed with trypsin  or  ch}ffnotrypsin,  the  alltigenieity  of  the

digest remaining  a]most  unchanged.  The antigenicity  of  HDOA,  swhich  was  obtained  by heating a  O,2%

NOA  solution at  pH  7.2 for IO min  at 98 ℃ ,
 decraased to 81.8?6  of  that of  NOA.  The  hydrolysis  of

HDOA  "es  considerably  increased and  the  antigenicity  was  decreased {i,e., 8,496, 82.0% and  21.3% in

the  24-h digest with pepsin, tr}psin  and  chymotrypsin,  respectivel.v),  These results  indicate that the

antigenic  structure  ef  ovalbumin  is relatively  stable.

                                             (Received January 3i, 1997)
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INTRODUCTION

 Hen's  egg  frequent]y induces hypersensitivity,

particularly in at,opic  children  (Lanage]and 1983), and

hypersensitivity to egg  is the most  common  food

allergy  in Japanese infants (Baba 199U). This allergy
was  initially ascribed  to the presence  of four

predominant  proteins t･hat constitute  80%  of  the total

protein content  by wetght:  ovalbumin,  ovotransferrin,

ovomucoid  and  lysozyme in henis egg  white (Holen
and  Elsayed 1990; D.]'urtoft et  aL  1991).

 In this study,  native  and  heat-denatured  ovalbumin

samples  were  each  digested with pepsin, trypsin  or

ehymotrypsin,  and  the resulting  digests -ere  char-

acterized  by physico-cheinical and  immunological
techniques.

       MATERIALS  AND  METHODS

Materials
 Nativeovalbumin  waspurchased  frorn Taiyo

Kagaku Co. (Tokyo, Japan). Pepsin  (froin hog

stomach  mueosa,  2,500 units!rng),  t.-Cl-tosylarnide-2-

phenyl) ethyi  chloromethyl  ketone-treated trypsin

(TPCK-trypsin, from bovine panereas  type XIII, 11,700
unitslmg),  N-p-tosyl-L-lysine chloromethyl  ketone-
treated chymotrypsin  (TLCK-chymotrypsin, from

bovine pancreas, 50 unitsfmg)  and  goat anti-rabbit

IgG conjugated  with Sigma  horse radish  peroxidaseVI

(HRP-labeled goat anti-rabbit  IgG, 100 purpurogallin
unitslml)  were  each  purchased  frorn Sigma  Chemieal

Co, (St. Louis, MO,  U.S.A.).
Mgesti{m  of  ovalbumin  with pepsin, trypsin or

chymotrypsin

 Ten  mil1igrams  of  native  ovalbumin  svas  dissolved
in 5.0 ml  of  a  02  M  aeetate-HCI  buffer at  pH  2.0 for

pepsin digestion (Otani and  Hosono  1989), and  in a

O,I M  NH40HfHCOOH  buffer at  pH  8.5 or  pH  8.0 for

trypsin or  chyrnotrypsin  digestion, respectively  CAme-
tani et at. 1987). Protease (O.1 mg)  was  added  to the
native  ovalbumin  solution  (5.0 ml),  and  the mixture
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was  incubated  at  37℃ for 10 or  30 min,  and  for 1, 2, 3,
10 or  24 h, The  enzyiiies  were  inactivnted by  eooling

for 5 min  in ic:ed water.  Tha  digested products  were

immediately  lyophilized and  stored  at 
-20 ℃ before

being used.  Heat-denatured ovalburnin  was  prepared

by heating O,2 %  native  ovalbumin  in a  O,Ol M

phosphate  buffer aL  pH  7.2 with O.15 )n NaCl  (PBS) at
98℃  for 10 min,  and  then cooling  for 5 min  in iced
water.  The heat-denatured ovalbumin  solution  was

adjusted  to pH  2,O, 8,5 or 8.0 and  digested similarly  to

native  ovalbumin,

Antibody

  The rabbit  anti-native  ovalbumin  antiseruin  "es

prepared  by  intraperitoneally inject,ing a  female  rabbit

(New Zealand White), weighing  about  2 kg, with O.25
mg  of  native  ovalbumin  in O.85 96 NaC! that had been
ernulsified  with an  equal  volume  of Freund's complete
adjuvant  (Difco Labs., Detroit, US.A.). The rabbit  was

boosted with O.5 mg  of  native  ovalbumin  at 2-xveek
intervals, and  11 weeks  after  the first irnmunization,

the rabbit  wns  bled. The  antiserum  was  separated,

O.05%sodium  azide  was  added,  and  the solution  was

stored  at -80 ℃ .

Dcruble radial  immunodiffusi(m

  An  Ouchterlony immunodiffusion  (Ouc:hterlony
1952) was  carried  out  in 1,2 %agarose  in PBS
containing  O.1% NaN/i.
Tricine  SDS-polyacrylarnide gel electrQphoresis

  A  tricine SDS-polyacrylamide gel electrophoresis

(trieine SDS-PAGE)  analysis  of  the digested native

ovalbiimin  and  heat-denatured ovalbumin  was  per-
formed according  to the method  of Schagger  and  von  

'

Jagow (1987) with a  slight  modification,  using  a

discontinuous gel eornprising  a  496 stacking  gcl, 1096

spacer  gel and  16.5%  separating  gel. The  anodic

buffer was  O.2 M  tris ChydroxyTnet,hyl) amino  methane

CTris)-HCI at pH  8.9, while the cathodic  buffer was  O.1
%  SDS  in a O.1 M  Tris-O.1 M  N-[trisChydroxymethyl)
methyl]  glycine CTricine) buffer at  pH  8.2. The

protease digest of native  ovalbumin  or  heat-denatured

ovalbumin  was  dissolved in a  mixture  of  O,0496 SDS,

12%  glyeerol, 2Cra i?-mercaptoethanol and  O.05%
bromophenol blue in 50  mM  Tris-HCI at pH  6.8, and
the solution  was  incubated  for 3 min  at  100℃ . A
constant  current  of  10 inA  was  supplied  for about  1 h,
allowing  each  sample  to completely  enter  the staeking

ge}. The  current  was  then raised  to 20 mA  and

maintained  at  this level for about  4 h of electro-

phoresis. The gel sheet  was  stained  with O.2%
Coomassie Brilliant B]ue R250 in a mixture  of  4596

methanol  and  7%  acetie  acid,  and  destained with a
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mixture  of  10%  isopropanol and  7%  acetic  ac:id.

  TwD  standard  protein mixtures,  cytochrome  C and

its polymers  (hexamer oi' MW  74,400, tetraiuer of  MW

49,600, trimer of  MW  37,200, dimer of  MW  24,800, and

monomer  of MW  12,400; Oriental Yeast Co., Tokyo,
Japan) and  myoglobin  fragments  and  glueagon
(inyoglobin 1-153 of MW  16950, myoglobin  1-131 of

MW  14,440, myoglobin  56-153 of MW  10,600,

myoglobin  56-131 of MW  8,160, myoglobin  1-55 of

MW  6210, glucagon  of MW  3,480, and  myoglobin  132-

153 of  MW  2,510; Sigma Chemleal Co., St, Louis, MO,
U,S.A.) were  used  as  molecular  weight  markers.

ELISA

  An  enzyrne-linked  immunosorbent  assay  (ELISA)
was  performed  aceording  to the method  of Envall and
Perhann (1971) with  a slight  modification.  A  poly-

styrene  micro-titer  plate CCoster Co., Cambridge, MA,
U.S.AJ was  used  as  a solid support.  Each well  was

coated  with 100 "1  of antigen  (20 ngllOO  "1 of an

individual protein in a  O.05 M  sodium  bicarbonate

buffer at pH  9.6) and  incubated for 1 h at  room

temperature,  After removing  the antigen  solution,

each  well  was  washed  three  t.imes with O,05%

Tween-20 in PBS  (Tween-PBS). The  residual  free
binding sites were  bloeked with about  4001Uwell of 2
96 casein  in Tiveen-PBS fer 1 h at  room  temperature

or  overnight  at  4 ℃. The plate was  then incubated
with 100 

,uVwell
 of  anti-native  ovalburnin  rabbit  IgG

antibody, whieh  had been diluted 5eO times with  2%
easein  in Tween-PBS,  for 1 h at  room  temperature

after  washing  three  times with  Tween-PBS, The IgG
antibodies  which  reaeted  with the plated-bound
antigens  were  determined by using  100xiVwell of

HRP-Iabeied goat  anti-rabbit  IgG, which had  been
diluted 1,OOO-fold in 2 %  casein  in Tween-PBS  and

incubated for 1 h at room  temperature.  After

removing  the solution  and  washing  five times  with

Tween-PBS, 200 y1  of  a  freshly prepared  solution  of

12 mg  of  o-phenylenediainine  in 30 ml  of a O,1 M

citrate-O.2 M  phosphat.e buffer at pH  5.5 containing  20

pt1 of 5%hydrogen  peroxide  was  added  to eaeh  well.

Thirty minutes  later, the reaction  was  stopped  by

adding  50 ttl of 6 N  sulfurie  aeid.  The  resulting

reaction  mixture  (100ftl) was  diluted with O.9 mi  of

1.2 N  sulfuric  aeid  and  the absorbance  was  determin-

ed  at 492 nm.  A  rabbit  serum  which  was  not

immunized against  native  ovalburnin  was  used  as a

control.  ELISA  determinations  were  carried  out  in
triplicate, and  the measurements  were  averaged.
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Fig. 1. Tricine SDS-PAGE  patterns of  the pepsM

       digests of  native  ovalbi.iTuin  and  heat-

       denatured  ovalbumin

Native ovalbuinirt  (O.2 96 ) and  heat-denaturecl ovulbumin

(O.2 96, pH  72, at  98 ℃ for 10 rnin)  were  digested ",':th

pepsin at  pH  2.0 Covalbuminfpepsin/ IC)O!1 "V"O  as

described in the  MATERIALS  AND  METHODS  sec/tion.

Each  digest was  dissolved in the SDS  sample  buffer C10 ,u gf
,ttl) a[id heated aL  100℃ fer 3 miTi,  before 5,ul of  the

heated satnp]e  -us  loacled on  t() the  gel. Ca) native

ovalbumin;  (b) heat-denatured ovalbumin.  Numbers  in the

left margin  refer  to the  MW  ef  the  marker  proteins,
Marker  proteins/ lane 1, ct'ytochrome  C and  its polyniers;

laiie 2, myoglobin  fragments and  glucagon.  Digests: lane 3,

O inin;  lane 4, 10 min;  lane 5, 30 min;  lane 6, 1 h; lane 7, 2

h; tane 8, 3 h/ lane 9, 10 h; laiLe 10, 24 h  uf  incubation.

         RESULTS  AND  DISCUSSION

Pepsin, trypsin er  chymotrypsin  digest {rf  native

ovalbumin  and  heat-denatured  ovalbumin

  The  digests of native  and  heat-deiiatured oval-
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Fig, 2, Tricine SDS-PAGE  patterns of  the trypsin

       digests of native  ovalbumin  and  heat-

       denatured ovalbumin

Native  ovalbumin  (O.2 ?6 ) and  heat-denatured ovalbumin

((}.2 96, pH  7.2, at 98℃ for 10 min) were  dige$ted with

tr>psin  at  pH  8.5 (ovarbuminltrypsin: 10011 wiw) as

described in the MATERIALS  AND  METHODS  seetion.

Each  digest was  loaded  on  to the  gal as  describecl in Fig. 1.

(a) native  ova}bumin;  Cb) heat-denatured ovulbumin.

Nllmbcrs in the  left rnargin  refer  to the MW  vf  the marker

proteins, Nurnbers  of  the  lanes are  the same  as  those

shoivn  in Fig. 1.

   bumin  after  O, 10 and  30-inin, and  1, 2, 3, 10 and  24-h

   incubations with pepsin, trypsin or  chymotryl)sin  were

   electrophoresed  by  tricine  SDS-PAGE  (Figs. I-:3). The

   digest of  native  ovalbumin  with pepsin shoived  an

   increase in the degree of hydrolysis with  incubation

   time, in whieh the peptide bands ef MW  45,OOO-18,OOO

   were  decreased and  peptide bands of MW  15,OOO-

   2,500 "ere  increased. Trypsin or  ehymotrypsin  barely
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Fig. 3. Trieine SDS-PAGE  patterns of  the chy-

       motrypsin  digests of  native  ovalbumin  and

       heat-denatured  ovalbiimin

Native ovalbuinin  CO,2%) and  heat-denatured ovalbumin

(e.2%, pH  7.2, aL  98℃ for 10 min)  were  digested with

chyinotrypsin  at  pH  8.0 {ovalburninfchyinotr}psin: 10Ull

wfwD  as  described in the  MATERLALS  AND  METHODS

section,  Eaeh  digest was  loaded on  to the  gel as  described
in Fig. 1. (a) native  evalbumin;  Cb) heat-denatured

ovalbuinjn, Numbers  in the left margin  refer  te the MW  of

the marker  proteins. Numbers  of  the  lanes are  the  same  as

those  shozvn  in Fig. 1.

hydrolyzed native  ovalbumin.

  The electrophoretic  patterns of  the hydrolysates
showed  that almost  all heat-denatured ovalbumin  was

hydrolyzed to small  peptides of MW  8,OOO-2,500 with
incubation by  pepsin  or  ehyniotryp$in,  but that  intact

heat-denatured ovalbumin  and  high-molecular-weight

peptides remained  even  after  a  24-h  incubatioii with

trypsm.

Vol. 48No.  8 C1997)
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Fig. 4. Double radial  tmmunodiffusion  assay  of

       native  ovalbumin  against  anti-native  oval-

       bumin  rabbit  antiserum

Ouchterlony immunodiffusion was  carTied  out  in 12  %
agarose  in PBS eentaining  O.1% NaNs. five microliters of

ovalbumin  CAg) and  anti-native ovalburnin  rabbit anti-

serum  CAb) was  applied  to each  well.  Ca) Ag: 100"glml;

Cb) Ag/ 50 ,ugXml.

Arttigenic reactivity  of  native  ovalb-min,  heats

denatured  ovalbumin  and  digests with  the  anti-

native  (vvalbumim  amtibody

  A  rabbit  anti-native  ovalbumin  antiserum  was

prepared  as  described in the materials  and  methods

section,  The reaetivity  of the anti-native  ovalbumin

antibody  to the intact molecule  of  native  ovalbumin

was  tested by the double  radial  immunodiffusion

method.  The precipit-in line for the antigen-antibody

reaction  was  detected up  to a 32-s dilution of  the
antiserum  (Fig, 4).

  The  antigenicity,  namely  the  binding activity  of

native  ovatbumin,  heat-denatured ovalbumin  and

digests to the anti-native  ovalbumin  rabbit  IgG
antibody,  was  examined  by ELISA CFig. 5). The

antigenicity  of the pepsin dtgest of native  ovalbumin

remained  eollsiderably  high, with its 24-h incubated

peptides being 70.9% of  those of  native  ovalbumin.

This result  suggests  that  the peptides dtgested by
incubating with pepsin  at pH  2,O still possessed

epitopes.  Neither the trypsin nor  chymotrypsin

treatment of  native  ovalbumin  reduced  the antigenici-

ty,

 When  we  heated a O.2 %  native  ovalburrrin  solution

of pH 72 for 10 rnin  at  98 ℃ , the antigenieity  of  the

52 (720)
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Fig, 5. Antigenic reactivity  of native  ovalbumin,  heat,-denatured ovalbumin  and

       digests with the anLi-nat,ive  ovalbumin  antibody

Native evalbumin  (O,2%) and  heat-denatured ovalbumin  (O.29b, pH  7.2, at 98℃ for 10 iuin)

were  digested with pepsin at  pH  2.0, wiLh trypsin at pH  8.5 or  with  chymotrypsin  at  pH  8.0

(ovalbmniiVproLease: 100/1 wii･v) as deseribed  in the MATERIALS  AND  METHODS  sectjon.

The binding activity  of  native  evalburnin,  heat-denatured ovalbumin  and  the  digests to the

anti-native  ovalbumin  rabbit,  IgG antibody  was  examined  by  ELISA.  Each  well  was  eoated

with  100 !.tl of the antigen  (20 ngllOO  
,,tl

 of  an  individual protein in a  O,05 M  sodiurn

bicarbonate buffer at, pH  9,6). Ca) pepsin  digests; (b) tr}rpsin digests; Ce) ch}rmotrM]sin

digestsi e  native  ovalbumin;  O  heat-denatured evalbumiJt,

heat-denatured  ovalbumin  was  reduced  to 81,8 %  of

Lhat  of  native  ovalbumin.  This result  indicates that the

applied  heat treatment  had soine  effects  on  the

antigenicity  of  native  ova]bumin.

  Further treatment of  heat-denatured ova]bumin

with pepsin  or chymotrypsin  degraded rrLest parts of
the epitopes  of the molecule.  On  the other  hand,
trypsin hydrolysis of  heat-denatured ova]bumiii  result-

ed  in high residual  antigenicity.  1'he binding ac:tivity
between  the pepsin, trypsin or  chyniotrypsin  digest of

heat-denatured  ovalbumin  after  24-h of  incubation

and  the anti-native  ovalbumin  rabbit  IgG antibody  was

reduced  to 8.496 
,
 82,09(, aiid  21.396 of  the reaetive  value

for native  ovalbumin.

  Our results  clearly  show  that, iiicubating heat-

denatured ovalbumin  with pepsin, trypsin or chy-

motrypsin  led to an  increased degree of hydrolysis
and  decreased antigenicity  in cornparison  with native
ovalbuinin.  However, sorrie  antigenicity  reinained  in
a}1 the digests.

  We  investigated in this study  the antigenicity  of  the

egg  allergen,  ovalbumin,  by  usirig  rttbbit  IgG. Further

analysis  of  the  binding activity  of  ovalbumin  to

specific  IgE Tnay  help to clarify  egg  allergy,

  The  authors  thank  Dr, N. Maeda  i'rorn the  Institute

ot' Animal  Experimentation,  Faculty ot' Medicine,

Niigata ITniversity t'er his kind  he]p in preparing the

a"L].seruin,
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”
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平成 9年 1 月 31日受理

　ペ プ シ ン， トリ プ シ ン または キ モ ト リ プ シ ン で 消化 し た 未変性 オ ボ ア ル ブ ミ ン （NOA ）お

よび熱変性 オボ ア ル ブ ミ ン （HDOA ｝の 加水分解度を調べ る と共に 加水分解物の 抗原性 の 変化

を調べ た．加水分解の 程度は 低分予 ペ プ チ ドの 分離可能な ト リ シ ン SDS ポ リ ア ク リ ル ア ミ ド

ゲ ル 電気泳動法で ，加熱お よ び消化に よ る抗原性の変化は抗 NOA ウ サ ギ IgG抗体との結合を

ELISA 法で調べ る こ とで 確か め た．　 NOA をペ プ シ ン で 消化する と，消化時間 （O，10，30 分，
1，2，3，10，24 時間） と共 に 分子 量 45，　OOO　一　18，　OOO の ペ プ チ ドが 減少 し 分子 量 15，000−

2，500 の ペ プ チ ドが 増加 した．また 抗原性 は 24時間後 に 70．9％ に低下 した．しか し トリ プ シ

ン や キ モ トリプ シ ン で 消化 して も加水分解 の 程度 と抗 原性 に 大 きな変化 は 見 られなか っ た．
0．2％ NOA 水溶液 ，

　 pH 　7．2 を 98℃ で 10 分 間加 熱 して 得 ら れ た HDOA の 抗 原性 は NOA の

81．8％ に 減少 した ，HDOA は NOA に 比 べ は る か に加水分解 され や す く抗原性 も低下 し た が

抗原性 は 残 っ て い た．す なわ ちペ プ シ ン， トリ プ シ ン または キ モ トリ ブ シ ン 消化 に よる 24 時

間後 の 抗原性 は そ れ ぞ れ NOA の 8．4％ ，82．0％ ，21，3％ で あ っ た．本結果か ら オ ボ ア ル ブ ミ

ン の 抗原構造 は比較的安定で あ る こ とが示唆さ れ た，

キーワード　オ ボ ア ル ブ ミ ン，熱変性，抗原性，ペ プ シ ン ，トリプ シ ン ，キ モ トリ プ シ ン ．
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