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INTRODUCTION

Ovalbumin (OVA) is one of the maior allergens of hen
eggwhite (Langeland, 1982a, b, 1983; Hoffman. 1983;
Holen and Elsayed, 1990), which is ofìen rhe causr .rf
hy'persensitivity reactions to food (Metcaìlè. i98,1; Jorde
et al.. i989). OVA is a ver-v suitable model aliergen :or
studying the relation between structure and function
because the sequence of amino acids anci post-trans-
lational modifications of the molecule are known (Nisbet
et al.. 1981). The latter affect an lf-terminal acetyl
group, the position and kind of carbohydrares as u'ell
as the position of phosphoryl groups. Thc moiecular
structure of OVA based on X-ray crvstaiiography hes
been reported by Stein et al. (1990) and the structure of
olakalburrin, which is a proteolytic cleavage prociuct oí
OVA (residue l-358), ''*?s recently described by Wright
et al. (1990).

Knowledge of the molecular basis of allergenic
determinants may lead to an increased understanding of
ailergy and may contribute to better diagnosis and
treatment of disease e.g. by blocking of the allergic
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Abstract--Ovalbumin (OVA) is a major allergen (Gal d II) of hen egg white anci is ofren the cíìuse
of hypersensit ivi ty reactions to food. Further knowledge of the anriqenrc and al ler, lenrc crl i l r- , i , : t
allergens will provide better treatment of this disease. To analyse these epitopes we produc:c a panel
of monoclonal antibodies (mAbs1 against native OVA. The initral infbrmation about ih.- cpiroires
was obtained with the binding patterns of these mAbs in lEF-rmmunopnnts and weslern olors ot '
OVA under reducing and non-reducing condit ions. l t  was possible ro demonsrrate rhar thc crf cr:nt
conformations of OVA exhibit different epitopes, and that there arc other epiropes wnicir lr- :ìnared
by each conformation. Seven different, although sometimes overlapping epitopcs. couiij be dercr-
mined on native OVA; fonr different epitopes on denaturated non-reduceci O\'{ -r, qlcens of
immunoblots of the intact molecule. The number of epitopes which could be dif ferentreieo n\ ine
mAbs was increased by the use of pepticie blots after CNBr fiagmentation ol rhe niciecuie. IgE
binding to dif ferent OVA conformations and to CNBr-fragments oi OVA was also t icicclahìe anu
appears in the same regions as the reactivity of some mAbs. Wesrern blots crt' OVA rnd
CNBr-peptides demonstrate that some antigenic/al lergenic bin<ting sites seem at leasr parr lv to he
continuous epitopes. The identification of the CNBr-fragmenrs '*as performed by a mrcrosequence
analysis of blotted CNBr-fragments afier a 2-dimensronal electrophoresis. IgE ',r'as iound ro brnd
the two largest CNBr-fragments (residues 4l-172 and 301-385). but not the fragmenr corresponding
to residues 173-196. A number of monoclonal antibodies also reacted with the two large'fragmenrs.
especially with fragment 301-385. and some bind also to shorter pe ptides. such as fragn:ent I 73- 196,
which were not reactive to patients'  IgE. Most of the monoclonal antibodies and parrenrs' IgE bind
to the fragments 4l-172 and 301-i8-5 in ID-PAGE biots suggestlng that these fragnrer:rs are rnvolvetl
in an immunosenic structure.

reaction wrth haptenic peptides or irv inducing protecrive
ant ibodies by other haptenic pcotujcs of  rne molecule.  A
number of studies are avail;bie dealine with the anti-
genic and al iergenic epi topes of  OVA tElsaled et  u l . ,
i986"  19 ,38 .  1q89.  l99 i .  Johnssen rn tJ  E lsaved 1990) .  I t
was sirown rn RAST-inhibrtron t- rsts that  C\Br-c leavage
products oi  OVA reveal  a l lergrc ieeci i r l t \ '  lElsayed et  a l . ,
1986). Svnthetic pepticies of OVA like the .À/-ter-minal
decapept ide (Elsayed et  a l . .  I988) cculd innibir  the
binding of IgE from patients' sera in RAST inhibirion
teii. but faiied to react in i: iro. suggesiing that this
decapept ide encomDasses an ig-o 'nt i ing hantenic cpr-
tope. This is arso the case with the pentrde OVA 323-3.ì9
(Johnssen anci Eisayeti. 199ù;. i iry'ontt th.:i. tr was shown
that t ir is peptirJ.e is a T-celi epliofie oi OVa r 3uus er ai.,
1986) in mice. Eight pel t ic i r 's  i i -  lhe regron i l - l l l  o i
OVA were siudieci for therr anliri l :drty alC "ri iergenrcrt,v
and it was shown that inmi ,rl inese pentr{es afe
probabiy reccrEn:zed b:- tnÈ en,:_Jjnl,- otncing s.rres ,rf
rmmunoglooul ins lElsayel  { t  , ; .  r9r} i i  These studies
f i rst  anci  f  orer,rost  g lve r-  ' ' r r . : : : ' r  - : lo i : I  a( ln i ìnuouJ\
epl topes ant j  a i ihoueh thc i ; : .  - r i  - " ,* '  'or-  studf ing
ant igenic ai ieruentc Bpi lo11J: Is - . r : i i . - l  J t ' r : r i tversiai  c, ' -
cuss ion  qVan R.c len tnone! .  l ! " . ' .  r "c '  / I  ; ; . ' .  iq90) .

studies with natural or s]'nÌ:ret'í trt '-- ir fraer ì:nts have
macje i t  possi i ' ,e to locate anLr- :e; ì i  - lc  e l iergìc iegions
on proteins (Tr i f i l : : f f  et  t i r ' . .  i99i .  : i , ray 'eC et  t t i . ,  1991).
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Monoclonal antibodies (mAbs) are of growing irnport-
ance in allergen standardization and characterizarion.
and are a suitable tool in the epitope analysis of allergens
(Chapman et al., 1984; Becker, 1987; Mourad et al.,
1988; Chapman, 1988: Petersen et  a1. ,1989; Marc-Ser ies
eî al., 1990, Lin et al.. 1990).

The aim of our study is to characterize antigenic and
allergenic epitopes of OVA by means of mAbs b1'
comparative binding studies in immunoblors obtained
by different electrophoretic techniques. Most of the
studies mentioned above (Marc-Series er al.. 1990: Lin
et al . ,  1990; Chapman ef  a l . ,  1984) used SDS-P.AGE
blots for identifying the allergenic componenrs of
extracts and mAb binding to these components. in our
expenence the IEFiimmunoblotting technique is a verv
powerful, highly resolving technique for determrning the
immunoglobulin reactivit ies of patients' sera ro various
allersenic sources and resting*the specificitv ol ' mAbs
under conditions where the protein is not detl itrured
lBecker, 1989). In this study, we used these technrques
for init iating the characrerization of antrgenic binciir,g
sites on the intact molecule OVA wrth monocional
aniibodies. In order to localize the anrigenic allergenic
binciing sites in more detail. the molecule rvas cleaved by'
CNBr and the binding studies were extendeC to blotred
CNBr-fragments of OVA. The identif icaiion of C,\Br-
fragments was performed by microsequencing cf hlotted
pentide spots which were separated by 2D electro-
piroresis. In order to determine thar the monoclonal
antr;rodies bind to ailergenic relevaiir eniropes. we
corn, ire,j the binciin;l DatteÍns in imrnunoL'lot.- u;tir
those i r l  igE froni  pal ients al iergic to hsn esc-whric.

MATERI.TLS .{iiD }TETHODS

OVA lFraction \ '. A 5503) was p'.rrchasei frorn
Sigma. lVtrnich. The iera oi parients ailergic ;o h;n
egg-whitc ' , , . ' -J i î  i ) l is inr  I  ' :om di i Ierent source!:  r , { )  - f  i r r i
f r+n ,  pa t ien i .  r ' ' f  the  l ! ' :d ica l  C l in ic  o i '  Bor -s t : Ì  , : ì .  - .

\ i 'ere kinuiy providec by Prof. Dtr U. \[ 'ahn '3err;,. ..
P.D. Dr G. Schul tze-Werninghaus (Franklurtr .

M o; tit' ional antibociie s

\{cnoclonal  ant ihot l ies against  OVA \ \ : ' r? r ' '  ' rC

acco:.- t ing to Kòr -  ent-r  Ni i is tern i ! i , - ,< i  Jni  . . : : :
i l9E0) using Balb,c r : ice and the mveic, ' ia csi i  l r
i i ,ìXó3 AgSLIl. Qporvtng ciones were cheureci or i i :..
producticn by enrio, ing :he l)ot-tesr: 1 ,; l oia soiui
of I me OVA,,rnl r.r 'r:s anplied to nrtrcceliulnse srr:; i
(.{ x 20 mm). drieci : .d iree binding sires *'ere bil...ei
with 0.05o'i '  Tween il Tris-buffered-saline 'TFS: TIS-
Tween: 0. i  tvf  Tr is.  0. i  M NaCl.  2.5 mM 1ieCl" .  l  {J j , - , r
Tween-l0.  pH 7.4t .  l f , tO r l  o i  cui ture sL. . ' - - ' r r i ianr u:r ;
transièrred tiorn the cui:ur* plate (96 u'cii niare, rn
mlcrot i Ì3niaies anC di iu ied ,  : l  r l i th TFS-- i r r" ' rer .  The
small s:rips 'ù/ere .i: *,.,'€i in ihe wells enii ,ncubat;c
overnight. The foiiowi::g steps were til: r.rine .ts
described under Immun,",tiotting analvsr :n th:s pàpe:.
The isotypes of the mAbs were examrngC usrng t.te
Ouchterlony technio.ue.

C],lBr-cleauage qf OVA

CNBr-cleavage of OVA was performed for 20 hr at
room temp in 70% (v/v) formic acid according to
Elsayed (Elsayed c't al., 1986) and Gross (1967). Samples
of 5.55 pmol OVA and 9.4 mmol CNBr were used.
The cleavage products were lyophil ized and stored at
- 20'c.

I s oe le c t r i c .l ocu.r ing

Isoelectnc iocusing was performed on 0.9u,,o agarose
gel  according to Haas et  a l .  (1986) supplemented with
l29ro sorbitol (wiv). The ampholytes were 7.5o,'o (v.rv)
Servalyt  (3-10) and 2.5% (vtv)  Servalyt  4-6 (Serva.
Heidelberg).  Focusing was per iormed on [ . ' l t raphor
221 ' l  (LKB.  Bromma)  fo r  1 .200\ 'h  a t  4 'C .  OVA
(10-20,ug) or 100-200,ug CNBr-cleavage products of
O\. ' {  were appl ied.  Marker protein test  mlx g \ \ 'as
suppi ied f rom Serva. Heidelberg.  \ 'o l tage was i imrted t . t
1.000 V. power to 3-5 W. current to 20 mA. Prcltein
starning of  IEF-gels was performed wrth Coomassre-
br i l l iant  b iue ano croceln scar let  accorcirnc to Riqnci t i
anC Drysdale (1974).

SDS-poi-r'acry lamide gt i electrophoresis

SDS-PAGF cf  OVA was performed according to
Nev i l le  and Gic . ,smann (1971)  in  a  ver t i ca l  s la 'n  ge l .  w t th
a gradient of  7.- i -20ozo acry ' lamide (7.5-20ozo T, 0.75o,,0
C) under non-reducing and reducing condi t ic ins.  Gel  rvas
anpi ied (15 r ig OV.i  cm).  Reduct ion and alk l , lat iùn was
r:':formed with Cithicerythniol and 'u'rnvior.:-rcir:e
lF i :ukeshoven and Der i : i k .  19871

SiIS-PAGE for lcpara-iiCIn of CNBr-ciei. irace proci-
r:.: is of OVA .,r 'as perÍ'crnled by a slight rnoci;:,:atron oi
'u,  " i t fang , . ' i  o! .  119î8j  and Kratz in et  a l .  ( i9óq) This
SDS--PAGE-svstem uses -  SOi-  as ieacirn3 icn wr ih
i : . ' r i s  and Tr is  as  c ' ,u ì1 ie Í  ions  in  the  s i ; . : - ' r ing  and
s f '  ' ' a t io r  g . - ;  T ! '  . ' : i l i n i l  ion  is  B i l :n i .  ' . r ' r t *  R i r . : : .
L i : '  ! . - ,un:er lo:  l l r ' : . : l l :  cathode bufÌ : r .  f :  -  \ i  Bic ine
'n.- \ ' -b is[1-n1'c i r .  r . ,  e lh l  ì - -5 i1 'c ine:  Signa. hl  unlc l .  i .  t - , .  I  ' ]  ,
Sl).s iwir'). pH 8.2. Anode buffer: 0.j M i r:: Fì"SO'

fH E ! .  Separat ion gei :  i5oi i ,  T and 5' .6 C acr ' " la:nrde.
0 ;  t r {  Tn: H.SO..  C. lo/o (w/v) SDS. 0.35 nrr l  ? i ' ;

g l ' , . is ' , r ì ' rn i  geì  ;o lut io: : .  0.196 TEMEi]"  - i  u l  o l  i : ,  ao/o
i . -  r iu t lon .  -  ' - l  6 .1 .  S tack ing  ge ì .  5 î . ,  T  . : : r i  - i  .  C

aci-. ... .: 'r i t ie. 0.+ .\{ Bis-T;:rsiHrSOo. 0. Ì % Si}S i}.1 0.,;

TENI;D. 5 i r  ì0% .4, i rS-r :o iut ion,mi gel .  pFi  6.7.  Sampiu
bufi 'er: i-q"-i r '  .{ Bi:- ins. 84.5 mlvf Brcine. 0.1"<J,n SDS.
l . ' - t ' i  u rnr icrpir le ihanr l"  1096 sacchaiuse. iJ.L, l " ' . :  : ,  ; r -
rnophe n.i i I lue ,I:ì :r " . r ing d-ve. Cle*r'agr p- .. *cts
-5-50,tjg o- OV{ cm 'À'.?re applied. We us:C "r caii-
b'aticr kit r 'cr ;",.ri1iy,spgjie mol. wt deterninatìon u'ith
i ì  rànir t  of  l .<* l? kDa iPharmacia.  Swerje:  l  as niarker
leptiucs. Tire gels weie stained with silver nitraie
accordrng :o i '  1 i ;s5t- i , - rvg, .  and Dernik (1q"cì .

IEF-w:r:wtt '. '-

Proteias Í': :he gel w'ere transferred to blotting
mernbranes b' .ne capiliar blot technique according to
Peltre et al. (l ' :11..{fter IEF. a blottine membrane was



applied to the surface of the gel and the proteins were
transferred by pressure (5 min, I kg; S min, 5 kg) by the
covering with paper towels. Free binding sites were
blocked with TBS-Tween. For blotting of OVA, nitro-
cellulose membranes (Schleicher and Schúll) with pore
sizes of 0.45 pm were used. For peptide blotting these
membranes were activated with CNBr according ro
Demeulemester et al. (1987), because peptide immobiliz-
ation was detectable onlv on this kind of material.

Western blot

Western blot was performed by semi dry electro-
blotting according to Kyhse-Andersen (1984) with a
Semi-Dry-Blottingsystem (Biometra Fast Blot System,
Typ B 33, Biometra, Góttingen) wrth a current of
0.8 mA/cm2 for 30 min. Free binding sites were again
blocked with TBS-Tween pH 7.4.

Immunoblo t ting analv sis

For the detection of monoclonal antibody binding
3 mm wide strips of the blottrng membranes were incu-
bated overnight with 2 ml of culture supernatant and
2 ml TBS-Tween. For each mAb there was evidence that
the concn was in a range where all binding sites were
saturated. After 3 washes in TBS-Tween pH 7.4 the
stnps were incubated with an alkaline phosphatase
conjugated goat-anti-mouse IgG (specific for H and L
chains; Jackson Immuno Research) diluted l:5000 with
TBS-Tween for 3 hr. MAb binding was made visible
by the enzymatic reaction of alkaline phosphatase by
incubating the stnps with a substrate-solution of nitro
biue tetrazolium (NBT) 0.033% and 5-bromo-4-chloro-
indolylphosphate disodium (BCIP) 0.5% in TBS without
Tween. pH 9.5.

The binding of IgE from patients sera was performed
by incubating the strips with human sera diluted l:20
with TBS-Tween, pH 7.1 overnight. After three
washes urth TBS-tween, IgE brnding was made
visible by incubation with a J'2s-labelied rabbit-anti-
human-igE (Phadebas-RAST, Pharmacia) approxi-
matell' I x l0ó cpm for l5 strips for 4 hr and subsequenr
autoradiography on a Kodak X Omat film for 3, 7 and
14 days.

Protein staining on the blotting membranes was per-
formed with a solution of 0. 1 o, o India Ink (Pelikan Fount
India) in TBS-Tween according to Hancock and Tsang
(1e83).

2- D intens ional e le c t r o p h o r e s is (2D -SDS - P A G E)

The 2D-electrophoresis was performed with immobi-
lized pH-gradients according to Górg et al. (1988) and
Kinzkofer-Peresch et al. (1988). The gei size for both
dimensions was f2 cm x 24.5 sm x 0.5 mm. In the first
dimensron an IEF in gels casted on GelBond-PAG
(LKB. Sweden) u'ith immobilized pH-gradient ranging
from 3.ó-9.3 pi and an acrylamide concn of 4o,to T and
4% C was performed. After polymerization. the gel was
dried by microwaves and stored at - 20"C. 4 mm wide
gel-stnps were incubated in a rehydration buffer (8 M
xttrfirt :g:rr:__c

l l 9 3

urea, 0.5% (viv) Nonidet-P 40. l0 mM dithiothreitol,
0.4o/o (v/v) Servalyt 3-10. 0.1% (viv) Servalyt 4-6)
overnight. The IEF was perfbrmed on a Desaphor HF
electrophoresis unit (Desaga, Heidelberg, Germany).
For sample entry voltage was limited to 300 V for I hr,
the separation was performed at 3000 V, 2 mA and 5 W
for 7 hr. CNBr-cleavage products (200-a00 pg) were
applied. The strips were stored at - 30'L unti l they were
used in the second ciimension. In the second dimension
an SDS-PAGE was performed on GelBond-PAG stabil-
ized gels with acrvlamide conrns from l0-l5Yo T and
4% C in the separation gel anC 5n'o T. 1o/o in the stacking
gel. The gel strips were incubated 2 x 15 min in equil i-
bration buffer (0.05 M Tns, 6 \ '1 urea. 30'' 'o (v1v) gly-
cerol ,  2oh (wiv)  SDS, i races of-Brt ' ,mophenol Blue. l9 lo
(w/v) dithiothreitol. IocioacetamiCe ló0 mM were added
to the buffer in the second incuLration step. The equil i-
brated gel strips were transfcrreci gel side down on the
SDS-PAGE gel. The eiectroohorcsrs was performed on
a2l17 Muit iphor I I  e ic 'ctropnoresrs uni t  (LKB. Sweden)
with maximum sett ings of  100 \ ' .  l0.A and 30 W unt i l
the probes lefi the stacking gel. then voitase was limited
to 800 V. For electrorrhoretrc tiansler of the peptide
pattern on biottin-e membranes the same semi-dry-
blotting system was used as described above. For im-
munologic detect ions PVDF-membranes l lmmobi lon-P)
were used.

M icrosequence analvsis

Amino acid sequence analysis was performed on
an Applied Biosystems (California) 473A puise l iquid
sequencer. 200-400 p g of CNBr-ileal'ase products were
separated by 2D electrophoresis and eiectroblotted on
ProblottrH-mernhranes (Applied Biosl'stems. California)
using CAPS-blotting buffer (10 MM 3-[cyclohexyl-
amino]-l-propanesulfonic acid. l0o,î lviv) methanol.
pH I  l )  according to Matsucierra et  a l .  (1987).  The spots
were stained with 0.19.'o 1',r r ' ì Coomassre in 40olo (v/v)
methanol  and cie:r , : in ins of  the backcround was per '
formed '*ith 50% (vi v) methanoi. Siarneci spots were cut
out of the dned blotting membrane and arranged in the
cartridge block of the sequencer. Because the amino acid
sequence of OVA is known. onlv -í-10 amino acids from
the N-terminal end of the nentrdes were analvzed.

RESULTS

OL'A and C)íBr-cleacage oj- OL'A

The staining of the gel aite: SIIS-P \GE under non-
reducing condirions showed tbur bands with an apparent
mol. wt of 40. 45, 63 ano ?l ki). wrtn the strongest at
45kDa, whereas under reduclng condiuons oniy one
band at 45 k[-ra could be otriained IEi rf OVA vielded
about 3 bands after the gel statnlncr. Lrn tc I r) bands were

detectable after rhe transîer u.f lht proiein onto nitro-

cellulose membranes and píilreln jtitlriing with India ink.

Treatment of OVA and Cì{Br led tc a compiete cleavage

into smailer peptides. About 16 bands with mol. wts

between 1000 and i6-500 Da were Celecpble.

Epitope analysis of ovalbumin



tt94

pI

9,3 -

H. KeHlpnt et al.

I t f  onoc tonr l  An t i  bod ies

c I Ht{t

s2
4É-

I E F  -  l m m u n o p r i n l :  O v a l b u m i n

Fig. l. Binciing oi i;ir'bs on immurfoprint oi O'v'A or, nirro-
celluiose membrane. roresize 0.45 pm. pl : isoelectric pornt.
M : rnerker, C: proteln -ctalning wrth Cottmassre, H : nypcr-
immune semm. N : rìt:g&live control. l-2.1 : relciivit ies of l.t

h.vbnioma culture supernalants.

Monoclonal ontiho die :;

Twenty-four hy'br idomas producing monoclonal  ant i -
bodies against OVA were seiected. The rsot)'pc was
conf i rmed b1- the Ouchter lony technique. \ {Ab nos l .  l .
3 , 5 , 7 . 8  a n d  1 9  b e i o n g  t o  t h e  i g M  i s o t y p e .  t h e  o t h e r - s
io the IgGi isot ' . i re.

Reactt ', ' i t ies t 'J l i ie intact molecule OVA ',1'ere l.esteC in
IEF-immunopnnts rrid rÀestern blots uncjsr reduc.ng
and non-reducin{: :onditions. Figure I shows ti l .; i ;.rnd-
rng patterns in IEi:-ír: lnrunoprints of OVA. .{lro.,i ihcr
7 differeni reactirìn paLterns could be ciifferentiatei: three
rnAbs {ncs  1 , .1 .  15 :Du.Jnd the  who ic  spec t rum ( ' :  *  r : i r i s
cc did 

'n1'perir: ' ,-.r:r3 
siìrum in a ranee of pi

T w e l v e  o f  t h e  m A b s  ( n o s  1 , 3 , 7 , 8 .  1 4 ,  1 7 ,  1 8 .  1 9 ,  2 0 ,
21, 22) showed reactivities to fewer bands around pl
4.4-4.7.  Three mAbs (nos 5.  l l ,  16) showed a more
limited binding pattern at pI 4.6. Two mAbs (nos 6. 23)
bound bands in a more basic region from pl 4.7-4.9;
these two mAbs differ from each other in their binding
patterns.  Four mAbs (nos 9.  10.  12.2,1) bound in a more
acidic region around pl r-4.4. When compìnng the
binding pattern in western blots of OVA under non-
rc i iucing condi t ions (Fig.  2)  i t  can be shown thar special
brnding patterns in IEF-rmmunopnnt correspond to
dist inct  b inding patterns in the weslr í 'n blot : '  under
non-reducing condi t ions.  The four mAbs {nos f .  i0.  12.
24t whrch bound in the acidic region of OV \ aîier
separation by IEF showed reactivit ies exclusir. 'eii 41 un
apparent mol. wt of 63 kDa: the two mAbs which bound
in the basic part of OVA in immunoprints showed
reactivit ies only at 55 kDa. The mAbs which r-ecognized
the whole spectrum of bancis of iEF-separaieci OVA
irave the same quaiit ies in western blots unoer non-
reducing conditions. The other mAbs revealed the rn;,:n
react iv i ly  to the strongest banci  at  -15 kDa. The retuc: . rg
condi t ions led to one band at  45kDa and r l i  n iA:s
bound to that  band * ' i th a more or less greu rn: : : : rs, i ) ' .

In western blots of  the pept ides.  the binding oi 'mAbs
ccruld be detected soielv on Inrmobi i , . -n menrbrane
(P\ iDF-membrane. i \ ' f  i l l iporet  (Fig 3).  Seven hands in a
range oi  3.8-16.5 kDa could be obtaineci  b1'  rmrnuno-
logical detection with h.v-perimmune serum and rn \bs.
Son ' le  o f  the  mAbs lnos  l .  2 .  3 .  ; .  19 .  :1 .  : l l  show'eC
strong reactivit ies. but airvay's with rrcre tnan one h:rnci.
The_v- ti i frered frcrm each ,1îner in the intensiti , 'h:nd,:.. ' ;

t c  the  separa te  banCs.  A t . te i  t ' :e  IEF.  ao i lu t  i ! ' c l in i i s . : '
lhe CNBr-cleavage products in a range oi pi 4.i 3.3
'.{'ere Cetectable hry protein stalnliig oi the gel ',''i:it

Coomassie. Oni-v- :he CNBr-activated memlranes are
suiiable for the trairsier i: l '  ihe pentides rri '  capil la:i, '
'nioti ine. 

Al! rtentides \\ ' '3:-î tninsferrl i j  :.1 l i . ' . :nìhi. ine.

1ùnrc lcna t Ant iboCies

15 ?c 2rl

I

' i  n  red  uced
oi O'i r -:nder non-reciucine conditions on nitrocellulase
riEr:"ii:ii "'erght, f : protern stainrng with Incira rnk,

-,.'actri'ities of 24 hybricioma ;uiture supernatants.
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Epitope analysis of ovalbumin

MVJ

25500

1ó500
1550CI
13m0
?500
3800

ìdestern -  Blot :  CNBr -  Ovalbu mi n
lmmobiton -  P

Fig. 3. Binding of mAbB on Western blot of CNBr-cleavage products ol '  OVA unrier reducrtrs

condit ions on PVDF-membrane ( lmmobilon). Mol. wt :  molecular u'eiqht. I  :  r ' rot ' l rn stainins u't th

India ink, H: hypenmmune serum. l-24: reacti l ' i t res of 14 hlbndoma cuit, l re superndtants.

I  1 9 5

8,3 -

7,3 -

as evidenced when comparing the protern staining of  the
gel  wi th membrane staining by India ink or rmrnuno-
logical detection with hypenmmune serum (Fig. a). Four
mAbs (nos 9,  10,  12. 24) showed strong reactrv i t ies to the
peptides separated by IEF. additionally there were three
other  mAbs (nos  l l ,  13 .  19)  w i th  a  much weaker
reactivit). The four first mentioned mAbs were identical
to those that bind in a more acidic reglon in the
IEF-immunoprints of the intact moiecuie. The use of
peptide blots was necessary to demonstrate thai each of
these mAbs recognized ciitferent Lrut sometimes over-
lapping epitopes. The rnAbs which revealed strong
reaciir, itres in the western blots ot'the peptrdes, shorted

H o n o c l o n a l  ̂  A n t i  b o d f L - - _ -

r-.1 !, ' i; ': -:

no react iv i t ies in the IEF- immunopnnts oi  the peot ides.
Vrce versa, the mAbs \{nrcn possessed strong react iv i t lc)
in the tEF- immunoprints of  peptrdes did not recognrze
the pept ides under the condi t ions of  SDS-PAGE. The
resul ts of  these compari . ì t l !e olnoing studies are l is ted in

Tab le  l .

IgE from putienrs' sert

In order to demonsti 'ate ihai ihe binding of IgE from
patients' sera occurs in the sarne regions as the mAbs. the

reaclrvit ies of some inri ir idual sera trom patlents aiir 'rgic
to hen egg-white were testeo together with some seiected
mAbs on identical blots. IgE-binding to the different
conformations of OVA as weii as to the cleavage prod-

ucts couid be demonstrated b1' autoradiography both irr
western blots and immunoDrints.  Those sera shou' ing
IgE-reactivrties in l irÌn-,rit i(-ihiots of the intact OVA

alwavs erhibr ied reaci lvr t iÈ5 i r , ' r ih lhe c leavage products

ol OVA. The ma1or brnaing of IgE u'ith fiagrnents
occurred wih three bancls in a rnoi. tv\t range from l0 to

l7 kDa. Another fragment rvith a MW of about 7-8 kDa

exhibited lgE-binding too. but in a much weaker

fashion. in t , le inrmunop:- inî  , . r i  OVA-cleal 'age prcducts

the bindrng oi lgE was cietectabie rn the sanìe reslons

where the lour mAbs lnos 9,  iU.  12.24) shou'eú strong

reactivii ies. Especiall l  the hinciing pattern of mAb-no. I

was \er) '  sr i l t lar  to :hai  Lt l  nJ: ie: : is '  IgE.

2-Dimenstonul electroottore: it anti nticroseque'nctns

Figure 5 snoivs lhe c"i:srn trlCNtsr cieavage-produ'::s
atìer separation t 'y lD-SDS-I'-rGE and sii i 'e: ' sieint:iq

oi  the gei .  ] -ne nur: : : i i  tnci : . i te al l  spots l r 'hrch were

submittec to micrc.r. .: ln.rÌ a::-*.usis aiier tr: i i" lsier oll:o

Prtlblot i-nì-J:: ìrr lnj  Ji i t l  - t \oir i- .rrtÈ sL.! inlr, : :  Aitcr the

si lvel stainirrg . l f  th; : ' :  l ' ì ' . -- ' ;  : l ìùtS are detectai: ie ihan

b-v coomassie staining ol hicrrecl fragments. Figure 6

shorvs rhe Ll inding oi :airents IgE to these fragnnents

and Fig. 7. as an e.rampi:.  ;he binding of mAb-no. l .  The

l l
-
L:jii

I
E
E

R-
il

I E F  -  l n m u n o o î i n t :  C N B r  -  0 v a t b u m i n
0 , 4 5  g r n  C N B r - a c t i v a t r d  i l i t r o c e l t u l o s e

Fig. a. Binding of mAbs on Immunoprint of CNBr-cleavage

products cf OVA on CNBr-actrvatd nitroceliulose membrane.
porc:,.:{ 0.45 pm. pl-isoelectric polnt, lvl : marker. C :

proteln si"iining with Coomassie, H : hyperimmune seru!T,.

N : negative control. l-24 : reactivities of 2'1 h}'bridoma
culture supernatants.
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Fig. 5. 2D-SDIPAGE oi CNBr-.leavage products' Silverstaining of the gei' The numbers indicate

spots which were anplied for microsequence analvsts'
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results of the microsequence analysis of the marked spots

are demonstrated in Table 2. Severai peptides with

different pI possess identical Mw and N-terminal amlno

acid sequences. Five spots of CNBr-cleavage product

consisting of amino acids 4l-172 (mol. rvt 16,000 Da)

and two spots of cNBr-cleavage product amino acids

301-385 (mol. wt 10,300 Da) were identif ied and showed

strong binding with patients' IgE' Amino acid sequence

analy-sis of thi whole peptide of spot 8 confirmed that

it represents a fragment of complete CNBr-cleavage'

It w;s identified 
"t 

ftugment 173-196 with a MW of

3064 Da. This fragment is immunoreactive with most of

the mAbs (19 of-Z4mAbs) but tailed to show binding

with patients' IgE. Other fragments in tire low MW

,ung. frorr, 2 to 6kDa and pI 3 to 4 showed IgE binding'

butlhese spots were not detectable by coomasste stain-

ing on Problott-membrane and could ihr'rei'rre not i'e

,ul-itt.d to microsequellce analysis. The reactiVities of

mAb brnciing to the CNBr-iragments ts aiso i isied tn

Table l .  I t  is  obvious that most of  the mAbs snow

reactivit ies to more than one fragment' twelve mAbs

bind to each of the three identifred fragments (41-172.

1 7 3 - 1 9 ó . 3 0 1 - 3 8 5 ) .  S o m e  m A b s  l n o s  9 , 2 0 '  2 4 )  r e a c t  w i t h

a broad spot at  p l  3-3.5 and l0 kDa (s igned A in Tables

I and 2;. Protein staining and patienî's' IgE failed to

visualize this Product.

DISCUSSION

-i'he 
aim of our studf is the cietermination ol'antigeni;

and allergenrc epitopes of OVA' For this purpose we

have used monotlonal antibodies end difi'erent electro-

phoretic techniques with subsequent tmmunoblotting'

The rnAbs were empioy,eci to characterize the epitopes in

immunoblots of  oVA uncie-r  lat ive and denatunng

condi i ions.  In orcier iL ' r  e l ; lcmpass ' rhe immunÙgenlu
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parts of OVA. we e{tended the characterization with
blots of  CNBr-cieava.te plut iucrs of  O! ' . { .  Tne ident i f i -
cat ion of  the CNBr-cle3\ 'age products was performed by
a ,V-terminal sequence analvsis c,f biotted fragments
ai :er  Separat ion h ' ,  l -D ciectropiroresls.

Separat ion of  OV,{ hy IFF yieldeJ up ro l0 bands
after staining the ni t rocel lu lose rnentDrane with India
ink. whereby the 

'r: ind" 
i lemonstr;: ied a micro-hetero-

genei ty of  the Droterr ì .  tVi ih ine bi : : i ing r : ì i rerns of  the
nAbs. sevsn diffe:-,:nt. . l . i thougn s(ì:netim?s overiapprng
epr iopes coui iJ be .^slu.  , : , i  on nei '  l  OV,\

SDS-PAGE of OV,\  . , : : rder non-redu,. ing condi t rons
leads to 4 bands rvhicn .. -1ue to i:.,: r 'anable location
of an intramolecular drsulphide biri ici (Fothergil l and
Fotherg: l l ,  1970).  Uniei  : ' :ducing c: :ndi i ions onlv one
band c' OVA is obt.i inec Thus dift 'erent conformations
ol O'i . . sl. lst: i; i ; dis " t icie lntcrcite, _: t ma) be
r::sponsible for thc Ji-;1 .; i: ion -,f new'1. j\ nt.hcsized
'"K-ovaibumin" '  

to t i tE inL1i3 ste. t ie "S-r) ' , , .  i - , ,urnin" ln
siorage (Smith.  1914: l i isr , ; t  et  aí . .  i98l) .  Ai i  mAbs st i i l
recognize OVA undcr th; denaturing c-,nciirrons of
SDS-PAGE. Cen-r:n riniing parterns of non reduced
O! 'A rn SDS-P,A.Ga r : :  : .  i :  kDa) corresp()nc : i r  certain
binci in:  Datterns i : :  . l f . '  - rmr :nop:- in i  (e.g rasr i  region
oi  Oi  A f rom pi  -1.?-J.r  Jemonstrat in, :  :hat  some
ei.itones are assocrateri c:- witl. one :^rformation
\ \  - ; fs. . : .*  others aie coinmci.  :ù each ctnfc. .  : r i ion.  Four
tj,t i 'elent epitopcs ari '  der.::crabie on dena:u:-ed O\tA
L. .Éer non reducing cc,i icl itÌùns. All nAbs binu ro OVA
u:der rt 'ducing denaiuratinr conciit iL-ìn,. ri i th a more or
lc.s grel t  inrensi tv suggest l : l r  that  the uirrùpes oÍ  OVA
;irc ai ieast partly continij.,us epitopes. Each ccnfor-
mat ion ernibi ts lgE-brndi . :  epi tones both on rne nat ive
or denatured allerge:r.

After :reaiment wirh C:rBr l7 cleavage procucts of
ijVA are theoredcalll. expecred fioi:r '*'hich I I nossess a
mol. wt higher than 800 Da and should rhereibre be
accessible by- the SDIPAGE for pepddes appired in this
study (Wiitfang et a!., lgSi_q). The resuits Cemonstrated

products. Reactivi tv of m.4b no. I  detected bi,
numbers indicate spots whlch were aoplreC ft)r

analvsrs. x :  art i fact.

tha t  a f te r  separa t ion  in  iEF and SDS-PAGE a  numher
of c leavage products larser than expects 'd r ias obrained.
Methodological  considerar ions concernine the eleclrcr-
phoret ical  behaviour oî '  smal l  pcpt ides.  retc l i t rn
condi t ions chosen for the prrr Ì .e in c leavage ani  a mlcr()-
heterogenei ty of  the proiern cLrnccrnins the grade of
glycosylat ion or an amino acid e.rchange mi l \  be respon-
sible for  these observer ions rKratztn et  u! . .  i9, t9.  \ isbet
e t  a l . ,  l98 l ;  Honda e t  t t l . .  i99r t ; .

Four  mAbs (nos  9 .  iù .  l i .  l - l t  shou i î rong reac l i v i t res
with native CNBr-fras:tlenti ' l i  O\'..t ls cierccreci :: l
immunoprint. Therc-iorE these cieai'age products ser'rrl tt)
be associated with i)i le .)i rhE conformaiions of O\'.{
(63  kDa in  SDS-PACE.  p i  r -4 . - t t .  The mAbs nos  9 .  10 .
l 2  a n d  2 4  d o  n o t  s i i o q ' a n )  r e r c r t v l t l ' t t l  t h e  c l e a v a g e
produc ts  under  the  conr j : '  , rns  o f  SDS PAGF.  r )n  rhe
o t h e r  h a n d ,  s o m e  i n . { b s ' , : . s  i .  : .  r .  7 .  1 9 .  l l . l l }  r e v e a i
reacti! ' i t ies to clea', l:ge F-, --l: i l t ' . i '- ' , i iÈ!-it Dio',: i t. i ' ,  'rncr

are  no t  ab le  to  respcnd t r  ; - i lo '3  in  IEF- rmrnunoor in is .
These epitopes seem to b,e assocr&tcd with lhe cienatursd
structure of OVA anci ir nigir be concii. ided that part
of  their  recogni t ion s i res are s i l luenr ia l  tpr topes. \ \ ' i rh
the pept ide blots r \ ,e \ i 'e! 'e , : r lc ' : , r , je lect . l  . t : . jet : :  l :umber
of di f ferences in Soir- ; . i  o i  inc J: l t r l :cni-  ie lennlr ìants
of OVA than w' i th blors rr '  rh.  inracr moiecuie.  igE
reactivity to CNBr-cleavase products in g'estern blois
and immunoprints leveais .::.:, i  mAb binding:i,ri i- ' 'rs t i: be
associated with the same ,,r ciosei\ reiated struciurr's o!'
OVA.

High resolution :D ei;:ciro,;iroresis atio*'ed the
identif ication of CNBr-;iea\.: ige products b)' .\ ' . :erminai
sequence analysis. Three ú;;i:rent f ragments cor: cspond-
ing to amino acid residues Jr - i - : .  173-196 and 30; - jbs
were identif ied. Some t:; i l iefl is in the lowsr rnol. *.t
range oî 2-6 kDa pos.:ss i::-n:-rnolog:c reauil l. ir"; both
with human IgE and mAhs. bur ihese scors ccuia nor be
visualized by Coomassi* :..r inrng and thus a sequenùe
analysis and identif icairon was nor possibie. it couid
be demonstrated that i:., ' :-:.1 frasrents wiih i i ienncal

7r3

,f
",p1

(-- pl

t13
2-6 {

t
Fig.  j .  lD.SDS-PAG-E of  C\Br-c leavage
autorad ioeranhie  on P\ :DF-menbrane.  The

mlcrosequcnce
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l/-terminal sequence and mol. wt possess spots at differ-
ent pI which might be due to chemical modifications
during the cleavage procedure or microheterogeneity of
the respective fragment, e.g. substitution of one amino
acrd residue by another one. Such an exchange is
obvious in lragment 4l-172 (spot l0 in Fig. 6) where Val
at position 4l is substituted by Glu.

In contrast to the immunoblots of CNBr-cleaved
OVA obtained from ID-SDS-PAGE most of the mAbs
showed reactivit ies wirh fragments in 2D-biots although
this reactivity appears to be much weaker than that of
patients' IgE. This may be interpreted in the following
way: the peptides on lD-stnps were denatured by urea
but not by heating. The urea may diffuse during the
blotting and/or incubation procedures. allowing a re-
folding of the larger peptides into their native structure.
These structures could be recognized by most of the
monoclonal antibodies demonstrating the requrrement
of a special conformation. This is aiso indicated by the
obsen'ation that some mAbs show reactrvities with the
three different cleavage products *hich were identif ied
by microsequence anaiysis. suggestlng that each of these
fragments is invoived in one antigenic site of OVA or
has at least cross reactive properties. This observation
indicates again that most of the mAbs recognize confor-
mational epitopes. The peptide in spot A is recognized
only by the mAbs nos 9, 20 and 14. It seer^rs to be
immunogenic in the mouse but no human IgE reactivity
was observed. Untortunately it was not possible to
identify thrs pepticie by .Àf-terminal sequence analysis
because anv protern staining faiied. Spot I i in Fig. 6 is
a siructure which is recognized by the patients' IgE but
there \ryas no respective binding of any mAb. Sequence
anal-v'sis revealed that this fragment rnal' be a irroduct
of incomplete cieavage or reassembling between
CNBr-fragment 4l-172 and 173-196.

The question arises. why only few m,A.bs recognize
thr ; . ; ;vage producis uncier the nat i re condi i rons of
!;::F-irnmunoprints. A possihie exphn::icr:: mav be '.he

--sc of CNBr-acuvated nitr,"rcelluiose m:mbranes be-
cause other rnembrane materials l ike unireateci nitro-
cciluiose or l l i 'DF lailed to immoi,i ize peptides by
the method of capil lar blotting. The r::rmobil ization of
pcptides,'proteins on CNBr-activatec i ' lroceiluiose is
oiie ic covalent binding which migh.t . i: in a Ceior-
:i-ii:ncn of smaller protein fragments -i:r: ihus hamper
the recognition by most of the mAb" in contrast, the
patients' IsE shou'ed reactivit ies or: IEi' -rinmunoprints

of cieavage products which suggests th-ri ouman IgE
brnolng is prefersniiaiil; associateci with :: :ential pro-
tein structures. A further reason for ti:.,, :"oservation
may be that onil' the polyclonal patte;ls' IgE is able

Io give a strong oicnal in immunont;:t ' , uf cieavage
producrs whereas :itost m,{bs do not.

T'he compariso;',, of the immunor': :r: iragnents

with information abr;ut the crystal str,- ."i:3 oi OVA
(Stein er ai.. 199{il :nj plakalbumin 1\\ ,.-r s. -.,., 1990)
reveals rhat the reaJiive center loop ,:,f CV.r (residue
338-35?l as a mern:rer of the serpin-fa:ril1' :s located
on the liagrnent i'ì1*385. This is a f,exrb,,; e-helix

protruding from the molecule. Most of the mAbs
showed reactivities with the respective fragment indicat-
ing that this structure might be very immunogenic.
CNBr-cleavage product residue 4l-172 contains a num-
ber of heiices (helices hB. hC. hC2, hC3, hD. hE, hF) in
its secondary structure which are located at the surface
of plakalbumin (Wright et al., 1990) and thus may
contribute to the immunogenicrty of thrs fragment. The
observation that niAbs anci patients' IgE showed bind-
ing to the f ragments 4l- l7 l  and 301-385 inci icates that
these fragments contain sî.iuctures that are very im-
munogenic both in mice and in man.

The fragmentation of OVA with endoproteinases
or chemicals of another r-leavage specificity than CNBr
and binding studies with synthetic peptrdes of OVA
should allow further identif ication of the antisenic and
allergenic binding sties oi OVA.
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