
T
I

Wii rh r ich  B.  Or to lan i  C  (cds) :  Hrgh l rgh ts  in  Food A l lc rgy .

IV lonogr  A l l c rg ; ' .  B lsc l .  Kr rger .  1996.  vo l  32 .  pp  l ì .1 - t ) l

Allergies to Wheat, Yeast
Royal Jelly: A Connection
lngestion and lnhalation?

Brian A. Baldo

Nlolecular Immunolog)'  Laboratory, Kol I  ing Inst i tute oi*"Oi.u, Research,
Royal North Shore Hospital of Sydney, St Leonards. and Department of Medicine.
University of Sydney, N.S.W., Austral ia

lntroduction

ldentif ication of tood allergens and their elimination from the diet remains
the main objective in successful therapy but the need for allersen identif ication
may extend beyond impl icat ion of  a s in-qle foocl  or  even a s ingle al lergen source.
For example, a subject allergic to wheat proteins may also react to other cereals
such as rye.  bar ley and oats but such al ler-qenic cross-react iv i ty may not be re-
stricted to anatomically similarly located proteins (such as grains in cereals) or
even to taxonomically closely related species. There have been several reports of
subjects who are hypersensi t ive to pol lens exhibi t ing react iv i ty to a number of
nonrelated foods [see reterences in l] and it has been suggested that, in some
subjects, seersonal poll inosis is l ikely to be exacerbated by a diet of wheaten
products which may provide continuous sensitization durin_g the remainder of
the year [1] .

Given that a connection between allergen ingestion and inhalation probably
exists in some food allergies, the question of allergenic cross-reactivity between
taxonomically similar anci dissimilar proteins arises. Progress in predicting and
understanding such cross-reactivit ies at the serological and immunochemical
levels depends on a knowledge of the composition and complexity of the aller-
gen sources involved. With this in mind, three complex but quite different pro-
tein extracts ingested by man have been selected to i l lustrate the difTiculties
otien involved in relating clinical f indings to the identif ication. characterization
and source of the sensitizing polypeptides.
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Fig.  I .  Main groups of  wheat proteins and some important  physicochemical  character is-

t ics of  thc g luten proteins [adaptcd t rorn 21.

Wheat

The complexi ty of  the protein conìposi t ion of  wheat f lour should not be

underest imatecl  but  recent advances def in ing molecular relat ionships between

wheat glLlte n proteins has led to a reiìssessment of the classification and nomen-

clature of these proteins [2]. Fi_ture I summarizes the main groLlps of wheat pro-

teins and l is ts some important character ist ics of  the gluten proteins.  Al though the

albumins and globul ins have been shown to be inrportant inhalant al lergens [3] ,
physicochemical  inforntat ion on these proteins is st i l l  lacking. Wheat gl iadins

contain mainly s ingle polypept ide chains that  associate by H-bonding and

hycirophobic interactions. Only three amino acids, glutamine, proline and phenyl-

ali-tnine, make up about 80o/o of the total amino acids in the co-gliadins. The cr-. B-
anci  1-gl iadins have less of  these amino acids but contain s igni f icant amounts of

the S-containing amino acids cysteine and methionine which are at  low levels or

lacking in the ogl iadins.  Glutenin is made up of  polymers of  MWs extencl ing

into mi l l ions.  SDS-PAGE of reduced glutenin produces two groups of  separated

proteins,  the HMW and LMW subuni ts.  The lat ter  have amino acid composi-

\ \ ' hea t .  Yeas t  anc l  Rova l  Jc l l y ll,5
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l ; i ' 4 .  ) .  Co t t tpu r i son  o l ' t hc  s t ruc tL r res  o l ' t he  S- r i ch  an r l  H ìV lW p ro lan t ins  o f  r vhea t  an r l
S -po r l r  C -ho rc l c in  o l ' ba r le r ' , , r l i i ch  shor , vs  honro losv  rv i th  whea t  o l -g l i ac l i ns .  N .N- te r r t i na l
c lomi. t ins:  R.  rcpeatecl  sequcnccs:  A.  B and C. thrce l rornoloqous subr lo l tur ins of ' the prol inc_
pot l r  C-tcrnt inal  c lorr t l r in;  I ,  -  I r .  fbLrr  unique internrccl iate regior- ts of '  thc prol ine-pg6r C-ternr i -
I l l t l  c l o t ' na in .  Thc  [ {N lW subun i t s  l u t r c ' r cg ions  ho rno lo - toL rs  w i t l t  A .  B  a1d  C . f  t hc  S - r i ch  r r r ' -
lat t t i r rs  I reproclLrccr l  f ronr ] .  , . r  i th pcrrn iss ion l .

t ions s i rn i lar  to the s- ,  B- ancl  Y-sl iacl ins w hi le t l ie HMW sLrbLrnirs c l i f  tèr  f  ror '  the
gl iacl ins in their  h igh content of  e lycine ancl  low content of  prol ine.

Extensive amino acid secluences are now avai lable f ront  a nLlnlber of  S-r ich
prolamins and HMW subuni ts of  g lutenin.  SeqLrence conlpur isons between o-.  y-
and aggre-qated gliadins and HVIW subLrnit ancl C-horcjein of barley. selecrecl
because of  homolt)sy wi t l l  wheît  g l iacl ins.  revei l l  regions of  hornologv. The bls ic
structural  organizat ion of  these proteins is cìepictecl  in f igure 2.  The S-r ich pro-
lamins have two dist inct  structural  c lomains,  a snlal l ,  unique N-terrninal  region
(N) ancl  a c loniain of  prol ine-r ich repeats (R).  f ìepeat rr-rot i f .s presenr in the R
donlains of  the di f fèrent prolarnins and the HVIW sLrbuni ts are shown in table l .
Three conservecl  subdonrains.  A.  B and C, separatccl  by c l ivcrgent intervening
re- { ions  I , . l : . [ .  and  I *  have becn recogn izec l  in  the  nonrepet i t i ve  cJomains  o f  S-
r ich prolarnins f2 l  The C-horcleins of  bar ley (hor lo logogs with w.heat (ù-
gl iacl ins) have an ertcnsivc rr 's i ( )n of  repeats r .v i th two fypes ol ' rcpeut nrot i f .s
( table l ) .  Both pept ic les tèaturc- the ProGlnGlnProX mori f  which is present in
the repet i t ive dont l r ins of  S-r ich prolamins ancl  th is incl icates an evolut ionary
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' Iu l t lc  
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subunits ol 'g lLr tenin i . r re not relatecl  to thc rel leat  mot i f .s of  the S-r ich t rncl  S-poor

prolanì ins but.  overul l .  there is evic lencc t l ìat  the I - lNlW sLtbuni ts are strurctLrral ly

and L'volLt t ionar i ly ' r 'e latecl  to the S-r ich.  ancl  therefore.  a lso the S-poor prolanr ins.
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\l' ltcu t P nttc i n.t u s A | | t, r g c tt.s
Ear ly st t r t l ies gc'ner i t l lv  s l tor i . 'ecl  th l t  the rv 'ater-solLrble protei ls are the nlost

relevant to IgE-rnecl iated fboc' l  l l lergv but later r locl i f icat ions of  t6e test ing pro-
cecl t t re nracle i t  possible to tcst  thc- glLrten pnrteins fbr  a l lergenic i ty f3, .+1. Gluten
pro te ins  were  shoun to  be  u t  leas t  as  a l le rgen ic  as  a lbLrmins  anc l  g lobu l ins .  The
highest RAST scores \ \ , 'ere obtuinecl  rv i th t l te elobul in f ract ion of  wheat f loLrr  fo l -
Iow'ecl  b1' the s l t t tenir ts ' ,vhi le s l iacl ins.  ancl  a pept ic- t rypt ic c l igcst  of  g lLr ten 'vhich
is  tox ic  to  ce l iac  pa t ien ts .  gave thc  lo r ,ves t  scores  [51 .

Al thoueh these stucl ies incl icate the -general  tvpes of  proteins involvecl  in
ingested lvheat al lergies.  the1, c lo not ic lerr t i fy  the numberand exact ni ì ture of  the
po lypept ic les  invo lvec l .  C lear l l .  th is  w i l l  on ly  be  poss ib le  by 'L r t i l i z ine  rhe  rype o f
backgrouncl infbrrrl i tt ion prov'iclecl above tncl by application of analyiical separa-
t ion tecl i r r iques pow'erful  enoLrsh to c i is t inguish the relevant al lergenic proteins.
At pre sent.  thc best c lef in i t ion of  a l lergenic wheat proteins hus bc-en providecl  by
stLrcl ies on bakers '  asthmlì  t6. l l  anr l  'uvhi le th is rvork is conccrnccl  r , r ' i th i 'hala ' t
a l ler-s ies.  the c lef in i t ion of  a l lerqenic pept ic les prodLrcecl  ( t ' ig.3) may prove to be
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r t l t v i u ì t  t o  a l l e  l . g i cs  c t rL r sc r l  b r ,  i ngcs t i t l r t  o f  r vhe  a t .  Thc
\ r ( ) n l t i  t  l -  l )  r  c l e c t r o l t l r o r . c l  i e  s g l l ; 1 1 . ; 1 1  i o r r s  o l .  u  l t c t r t  p r o l c i n s
bc  u t i l i z c r l  i r l  s t L r ( r i c s  . r '  i ' q cs rcd  ce rcu r  a i l c rg i cs .

Yeast

cxcc l  l cn I  t r . r , o - t l i  r r r c r r -
a l re  uc ly  uch icver l  c ln

' ' \ t l l 'erse rel tct i t lns to ) 'c l tst .  Part icular ly urt icur ia.  atopic c lerrrat i t is  arc lastht t la accol l lpLl ' iecl  b,v posi t ivc skin test  to sr l . r ' i r r  t f t ) r r \ ' ( ' ( , . t  t .arcyi .s i t tc . . t t - t t !
loods cotr ta in ing l 'east  have been reportccl  [sc-e refèrcnces in g] ,  bLrt ,  as wi thwl tea t  p ro te ins '  the  source 'o f  the  sens i t i za t ion  is  no t  a lways  c lear .  For  example .i t t  sot l le ol ' r lu l 'pat ients wi th percnnial  rh in i t is  nnc. lTor asthma ci iagnosecl  as al ler-gic to inhalecl  f i rngi  ancl  wi th posi t i r , 'e skin ancl  RASTs to s.  ( , r , r .4 , i . ; tucancl  sonreothcr f t rngi  (part icurarr , r , , , r r  I tanrut- i t t  ancr Cutr t r i t rcr) ,  chane._ue r ,v i th baker. \ .veastal ic l  bcir lu pl i lcecl  on a yeast- f rec c l iet  lecl  to fa l l .s  rn peak f ' low vol ,mcs, c l is_tLrrbccl  s leep'  ' "v l teeze ancl  cough. when a yeast- l ì ree c l iet  lvas reinst i tutecì ,  symp-to"s inrprovecl  greatry ur c l isappearecr IBaker ancr B.rcro.  unpubr.  cratar.

stLrdies with sera l 'ront sutr.jects r.vith inhalant allergies [o.!. r,cr.r,r, i.; iue lt)1and 'v i th atopic cterrnat i t is  f  l ì ,  l0 l  I rave shown that enolase is an important I -qE-bincl ing col l lponel l t  of  s.  t 'erat ' i 's iuc but the'complete 'spectrLrm of al ler-uens rec-t>gnizc-c1 in subje-cts wi th inhalecl  ancl /or  in-q.r tecl  a l lergics to yeast I ras not yetbcen del ' inecl '  Stut l ies or l  the inhal lnt  a l lergies [9,  Balc lo ancl  Baler,  LrnpLrbl . .athlrevealecl  up to l - l  serunt fgE-bincl ins col lponents ( f , ig.  - l )  but ,  as wi th wheat pro_tc i r ts '  l -D  c lec t r t lphore t ic  separu t t ions  I l l l  o f ' fè rs  t r re  bes t  n . ìe r ìns . l .p rec isc ly
r l c f  in ing  thc  f i r l l  spec t run t  o f 'a l l c rscns .

Roya lJe t ly

skin pr ick tests '  in lnrut t t l r tssays ancl  protein blot t i r rg stLrcl ies conl ' i r r rccl  thats ' r . ì rptonls of  asthnt l t  ancl  anaphylaxis scen in sulr jects fb l lowing ingest ior . r  o lr t>t ' l t l  . i t ' l ly  were t rue IgE-ant ibocl1, , - rnecl iatccl  intmecl iate 6ypcrsensi t rv i ty reac_t t . t t s  l l l l ' a  to ta l  o f  l8  c l i f fè rcn t  IgE-b inc l i ' g  c .n rpone ' ts 'u 'e re  c ie tec tec l  on  b lo tsfbl lovr ' ' ins electropl toret ic seplrat ion of  royt l . je l ly  uncler c l issociat ing concl i r ions.lsE ant ibocly binci ing of  b lot teci  royal . je l ly  proteins was nrost  nrarkecl  i '  t5e Mwrcgi . t t  15-5-5 kD-.ncl  ont 'component of  MW - 55 kD was clerectecl  by al l  of  thcscra exÎnl ined'  This cortrponent ntay be the so-cal lecl  major royal  . je l l -v proteinrecent lv c iescr ibecl '  Examinat ion of  63 sera f iom subjects al lcreic to bee venomsho'uvc'c l  t l rat  there i 's  no c l i rect  re lat ionship between IgE ant iboclv rcact iv i ty to thel lee Vent l t t t  l t l lergens ancl  to royal je l ly  proteins al thouglr  3g% of thc sera reacteclr ' r ' i th r t  ro ' r l l  - je l l1"  s, l ic l  phase. IgE ant ibocly react iv i ty to royal  je l lv  protc ins was

\ \ ' hc l r r .  \ ' . ' us t  r r r r t l  [ ìo r  a l  . l c l l l
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1 4 . 4 -

-  2 - - -  4 3
-  3 - - -  4 2
-  4 - - -  4 0
-  5 - - -  3 9
-  6 - - -  3 7
-  7 - - -  3 5
-  8 - - -  3 0
-  9 - - -  2 7
- 1 0 - - 2 5
- 1 1 - - 2 3
- 1 2 - - 2 1

- 1 3 - - 1 7
-  ' 1 4  - -  1 6

g  h i j k l m n o p q r  s î u

F i ,q .  l . l den t i f i ca t i on  by  r tu to rac l i o t raphy '  o f  f bu r teen  IgE-b inc l i r r s  componen ts  on  n i r ro -
ce l lu l t rse (NC) at ier  SDS-PAGE of  a 5.  r ' t ' l ' t ' ì  1. r ' i r / t ,  cxtrae t .  a = VIW ntarkers:  b.  c = S.  r .cre-
t ' r . r i r r t ' -s ta ined pr t t te ins i r t  gel :  d=.S.  t t ' r 'c ' r '1 . f1( / ( ,  cnol i lsc protc in-sta inccl ;  L--s= NC transfèrs
incL rba tcd  w i th  i nc l i v i c lua l  sen t  f ron r  S .  t ' e rev i s i t t e -a l l c re i c  sub jec ts  fb l l owcc l  by  r r5 l -an t i -

huntan IgE: t .  u = NC str ips i r rcubated rv i th scrunl  l -nrm l rousc r lust  mi te ancl  pol lerr-a l ler .q ic
sub jec t / r  r5  [ -an t i - I gE  and  co rd  senrm/ |  r i I -a r r t i - I g  E  resp rc t i vc Iy .

also detectecl in 5?c/a ot7-5 subjects with allergies to inhalant ancl/or tbod aller-
-qens. Al l  of  the posi t ive control  sera reactecl  wi th rhe -55 kD protein.  The high
incidence of  royal  je lh ' - react ive IeE ant ibodies in the al lergic control  subjects
may be due to cross-ractivit l, betr,veen royal jelly proteins ancl other commonly
encoLlntered ingested or inhaled allergen sources.

Once again therefbre. both the rollte of sensitization ancl the natl lre of the
sensi t iz ing source(s) is not ent i re ly c lear-cut  ancl  wi th al l  three al lergen source
mater ia ls discussed here these uncertaint ies must be borne in mincl  for  both dias-
nos is .  and espec ia l l v  management .  o f  the  a l le re ic  sub iec ts .
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