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In t roduc t ion

The molecular basis of  protern al lergenic i ty st i l l  remains
unclear. Most potent food allergens are heat and acid resist-
ant,  occur in substant ia l  quant i t ies and are usual ly glycosi-
lated. Howeveq these characteristics also describe many
nonal lergens. The sequences of  numerous al lergens have
been determined in recent years,  and IgE-binding si tes and
T-cell-reactive seqlrences have been identif ied, yet no gen-
eral  pr inciple could be deduced to predict  these sequences.
Trop , r rnvos ins  arc  a  f t r rn i l , " -  o lh ig l r l - r  hor lo logous  pro te ins
that contain both al lergens and nonal lergens. The pr imary

Abstract
Tropomyosin (Pen a 1) from brown shrimp, Penaeus eztecu:;, has been identif ied
as the only major shrimp allergen. Since beef. pork and chicken are other tropo-
myosin-containing foods that are not very aller-genic, tropomyosins can serve to
investigate the contribr-rt ion ofthe structural properties of a protein to its allergen-
icity. The aini of this study was to determine the primary structure of Pen a I and
to ident i fy lgE-binding epi topes. The screening of  a unidirect ional  expression
cDNA l ibrary f rom shr imp tai l  muscle wi th the Pen-a-1-speci f ic  monoclonal  an-
t ibody 4.9.5 resul ted in 4 posi t ive Escher ic l t io col i  c lones. ImmLrnoblot  analysis
with human sera frorn shrirnp-allergic subjects demonstrated IgE binding of all 4
recombinant shr imp proteins.  Ti , ree of  4 expressed recombinant proteins have a
molecular weight of  approximately 36 kD, consistent rv i th thc molecular weight
of natural Pen a L The DNA sequence analysis identif iecl these recombinant
shr imp proteins as t ropomyosin and could be al igned with the sequence of
greasyback shrimp (lvletapenaeus ensis) tropomyosin (Met e I ). In order to char-
acterize contiguous lgE-binding epitopes of Pen a l, a peptide l ibrary (Novagen
epitope mapping system) expressing 10-30 amino-acid-residue- long recombi-
nant Pen a I peptides was constructed and screened with human IgE. Four recom-
binant, igE,-reactive Pen a 1 pepticles were selected and sequenced. They shor,v
varìous degrees of sequence identity u'ith tropomyosins of other arthropods, such
as fruitf ly and house dust mite, helminths and vertebriites.

structures of tropomyosins from a large variety of origins
have been determined and tropomyosins of'different shrimp
species (Pencteus ctztectts, Penaert.s 

"inclictts, 
Metoltenuetts

ensis) have been identif ied as major shrimp allergens [-4]
Cross-react ing Pen a l - l ike al lergens were detected in other
crustacea species [5,  6] .  Since beef ,  pork and chicken are
other tropomyosin-containing foods that are not very aller-
genic, tropomyosins can serve to investigate the contribu-
tion of the stmctural properties of a protein to its allergenic-
ity. Determining the primary structure of Pen a I and identì-
fy ing lgE-binding cpi topes arc the f i rst  steps into th is
direct ion.
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Mater ia ls  and Methods

c'1) \ .  J Li l trur.t '  C'rt t t . ; l t ' t t t ' t i r t t t  t tr t t l  .St 'r 'c ' . ' rr i  r t{

Poly' : \  m RN.\ was puritrcd rvith thc PolyATtract " sl  stctt ' t  (  Protr lc-

ga. \ lar l ison. Wisc.. US,,\) l ì 'orn total RNr\ isolatcci [7] f i t lnr the tai l

musclc of snap-tì 'ozctt brow't i  sl tr i t t tp. Thc cDNA l ibrary \ \ 'AS col l-

s t ructcc l  as  a  un id i rect io t ra l  cDNA l ibr l ry  Lrs ing the phagemic l  vector
(pc l )N, ' \  I I ,  Inv i t rogct t .  Sat r  D icgo.  C 'a l i f . ,  USA) and rvas scrccnct l

lv i th  t i re  Pen-a- l -spcc i t ìc  n to t toc l t tna l  ant ibodv ( rnAb)  -1 .9 .5 .  Pos i t ive

cloncs * 'e rc tcstecl fbr IgE relct ivi ty bi" SDS-PAGE anrl imrnLrttoblot-

t ing anc l  thc i r  cDNA scqLtc t tc ts  c lc tcrn t incd.

Pc 7t t i de I-i l ;ru rv C r t tr.s I t't rt' I i rt tt

The p lasnr id  o f  c lor rc  P7.  coc l ing tor  Pcn a l .  uas p t r r i f ìed (P lasmic ì

Pur i t ìcat ion K i t .  Qiagen.  Cl ta tsw'o t ' th .  Cal i f i ,  USA) a t ic l  the pept idc  l i -

brary 1'as cOnstrLtcted gsirrg t f tc Novatoltc cpit tr l tc rnlppirrg systertt
(Noraecn, lvladison, \ \ ' isc. USAt. Bricfìy. t l te plasnrici  r i 'as rarrdotr l ly

c leaved by DNase I  in  thc  prcscr lce o f  Mr l r  .  c l r r ts inu t lo t rb le-s t rand

cleavage. The DNA 1i 'aqnrents. u, 'crc t ì 'act ionateci ol l  an 2') 'n í ìs[ìrosc-

gc l .  Fragments .  averag ing,sO- l - r0  bp in  s izc ' .  r i 'e re  c lu ted (QIAEX l l

Agarosc Gel Extraction Kit.  Qiagen ) and trcated sLtcce ssively r i  i th T-l

DNA polymcrase and Tth DNr\ pohtttcrasc. i i ' i t ich repairecl l t lc l  thett

acidct l  a singlc r lA residuc to cach i 'end. Thc- DNr\ fraqnrcttts rvcre

l igatcd into the pTOPE T vc-ctor containing single dT ov'erhlngs ancl

t ransfècted in to  Nova[J luc(  DL- .3  )  cc l ls .  Thc l ib rarv  wAS screencd u ' i th  a

serlul l  poo I o f  sh r i  nrp-a I I  crgi c sLrl t- j  ccts.

Resu l ts

I n t m un o I o g i c a I C I ut r a c' t e t' i : tr t i o rt o.f 
' 
Rc c o trt b i rt cuú Pe r t

u I Pepticles
A l l  4  recombinant  p ro te ins  (P l ,  P6 .  PZ P l0) ,  se lec ted

r,v i th the Pen-a- l -speci f ic  mAb bound human I-eE. The rno-

lecuiar wei ,qhts of  P6. P7 and Pl0 r ,vere v i r tual ly ident ical

rvith the rnolecular wei-qht of natr"rral Pen a l. The lor,ver tno-

lecular weights of  Pl  and P6 conespond to their  t runcatcd

cDNA seql lences. The Pl  protein has a nlolecular r ,veight of

approximately 10 kD ( f ig l ) .

Se cluence Crtntpurison of'Pert q I ctnd il[et e ]

The cDNA and the deciuced amino acid sequences ic len-

tif ied all four reconlbinant proteins as the tnltscle protein

tropomyosin.  P7 and PlO have ident ical  cDNA and amino

acid secluences rvhereas P6 has a 93 bases/31 amirro acid

5'r ' l \-tenninal deletion. When P6. P7 and Pl0 r,vere com-

pared r,vith Met c 1,26 base sr.rbstitutions were detected. On-

ly one of  the m resul ted in an arnino acid subst i t r - i t ion.  Nir lety

bases/3O amino acids of ,  Pl  could be al igned r i ' i th the 3 ' lC-

terminus of  Met e l .  In th is short  stretch of  cDNA, 26 base

pair  subst i tut ions were detectcd that resLr l t  in 7 amino acid

subst i t l r t ions ( f ig.  2 ) .

F ig .1 .  Compar ison o f  IgE rcac t i \ i t i cs  to  na tura l  Pcr t  a  I  (nPen a  l ;
and recombinant Pen a I  c lones P1, P6, P7 and Pl0.

I gE - Rea ct iv'e, Rec omb i n o nt Pept ides

Forrr  lgE-react ive pept ic les (82, E3, E4, E6) rvere se-

quenced and al igned with the seqLrence of  Pen a I  and VIet  e

1.  Three (82, E,3,  E6) peptìdes are 13 ancl  I  (84) is 2l  amino

acic l  residues long. The sequences of  pept ides E2 and E6

over lap by 3 amino acid residues. An lgE,-react ive pept ide,

previously ident i f red in Indian shr imp. P incl icu 's [8] ,  par-

t ia l ly  ove r laps rv i th E6 ( f ìg 2 ) .  The se quence of  E,2 is 100%

ident ical  n ' i th those of  t ropom)/osins of  greasyback shr imp.

NI. ensi.s, other ar-thropods (Drosophilu ntelctnogoster, Lo-

crtsto ntigt'cttorio, Dermutophugoicle.s farinoe) and hel-

rninths (T'ic.hostt 'ongt,lus coltrhri/ 'ot 'ntis, Caenorhctbclit is

elegctns, Onchocerco r)olvulrls). Vertebrate tropomyosins

shorv sequence identity betr.veen 53% (Gullus gullus) ancl

69% (Ratlus norv'egictts, Horno sctpiuts, Sus scroJh; with

E2. The seqlrence of E,6. holvever, is very simiiar (92920) lvith

var ious vertebrate t ropomyosins.  On the other hand, only

rlre lromoiogous fu[. en.sis tropomyosin is identical with the

E,4 sequence.'t l-re seqtlence ide ntity'uvith i irthropocis and hel-

n-rinths are lorver than those r,vith other Pen a 1 peptides and

range from 51% (C'. elegurts) to 80%r (D..f ttr inue).
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Fig.2 .  .A.n i ino ac ic l  a l i , Ìnnrcnt
greasl back shrir lp , l / .  c, l .si .r ' .  NIct c
I [ ì ]  pcpticle s arc nrarkccl.

o l ' cDNA scc lucnces  o f  r ccon rb inan t  Pcn  a  l (P l .  P6 .P7 ,  P l0 ;  r i , i t h  t r opomyos in  o f
1 . , \ r r t i noac idsL rbs t i t L r t i onsa rc -bo ldcd .  I sE - r c -ac t i vc  Pena  l (E2 .  E3 .84 ,  E6 )anc lPcn  i

Discuss ion

F-our IgE-react i r . 'e,  recontbinant pept idr .s of  t l rc rnajor al-
lergerr Pen a I fr-oni brorvn shrirnp. P u:tec'tt.r. were se-
qr.renced. Al l  pept ides are located in the seconcl  hal f  of  the
r lo lecule i r rc luchng the C terminus. An IgE-react ive pep-
t ic le.  prcvioLrsiy ident i f ied in Indian shr imp. P incl icus l8 l .
part ia l ly  o 'u 'er iaps r i ' i th E6, indicat ing that th is sequence of
shr imp tropon-ryosins is a ntajor IgL,-bindir . ì_q s i te.  The epi-
topes are locatecl  in both pl ìy lo_uenet ical ly '  d iverse and con-
sen,ed paf is of  the t ropomyosin molecule.  This is in good
agreenlent vu,ith the allergenic activity of other tropomyo-
sins. Holi,ever. no IgE,-reactive Pen a I peptide shor,r's corlì-

p lete sequence ide nt i t l ,u ' i t l i  vertebrate t roponiyosins.  Since
tropornyosins are a t ì r rn i ly  of  h ighly honrologous l r roteins
that contain both al lergens and nonal lergens and the se-
quences of  t roponryosins f iont  a large var iety of  or ig ins
ha'u,e becn deterrnined. t ropolxyosin rs a good nrodel  to
stucly the contribution of the printary strLlcture to the aller-
genicr t lz  of  proteins.
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