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Inhalation of allergens produced by the American cockroach Periplaneta americanginduces IgE Ab production and the devel-
opment of asthma in genetically predisposed individuals. The cloning and expression Escherichia coliof P. americanatropo-
myosin allergen have been achieved. The protein shares high homology with other arthropod tropomyosins (80% identity) but less
homology with vertebrate ones (50% identity). The recombinant allergen was produced ifE. coli as a nonfusion protein with a
yield of 9 mg/l of bacterial culture. Both natural and recombinant tropomyosins were purified by isoelectric precipitation.P.
americanaallergen 1 (Per a 1) and Pea 7 (tropomyosin) are to date the only cross-reacting allergens found in cockroaches. ELISA
and Western blot inhibition experiments, using natural and recombinant purified tropomyosins from shrimp and cockroach,
showed that tropomyosin induced cross-reactivity of IgE from patients allergic to these allergens, suggesting that this molecule
could be a common allergen among invertebrates. The Journal of Immunology,1999, 162: 4342—4348.

lations is steadily increasing. Inhalation of environmental kDa, with an incidence of 100% among CR-allergic patients and a

allergens, derived from pollens, dust mites, animal dan-pl of 3.5, has been isolated frofh americanaand named Per a 1
ders, insects, and fungi is the most frequent cause of IgE Ab ref11). Only Pe a 1 and the 72-78 kDa allergen, Per a 3, have
sponses in humans. Cockroaches, house flies, and moths are ttezently been cloned, and show homology ta BI1 (12, 13) and
most common insects involved in arthropod inhalation allergy (1).insect hemolymph proteins (14-16), respectively.
Infestations of houses with cockroaches (ERJsult in the accu- Very often the sensitization to CR extends to all arthropods
mulation of high levels of potent allergens, which induce IgE Ab (insects, arachnids, and crustaceans) and sometimes also to other
responses and subsequent development of asthma in geneticallwertebrates (17-20). Tropomyosins are a family of closely re-
predisposed individuals. In urban areas of Spain, the prevalence ddted proteins present in muscle and nonmuscle cells and in asso-
CR sensitivity among patients with asthma is 26% (2), althoughciation with the troponin complex play a central role in the actin-
this problem is particularly acute in the United States, where up tdinked calcium regulatory system of muscle contraction (21).
60% of patients with asthma are allergic to CR (3). The principalTropomyosins have been described as relevant allergens in ex-
domicilliary CR areBlatella germanicaGerman cockroach) and tracts from crustaceans, mites, insects, and mollusks (22—24) and
Periplaneta americangdAmerican cockroach). Over the last few could be involved in the high cross-reactivity found among these
years, several allergens from the German cockroach have beemganisms (25, 26).
cloned: Bla g 1, a protein of unknown function that shares signif- We report here the cloning of the tropomyosin frémameri-
icant homology with Bla g Bd90K (4, 5); Bla g 2, an aspartic canaand its high level expression Escherichia colias a nonfu-
protease (6); Bla g 4, a calcium binding protein (7); Bla g 5, asion protein. Ab binding reactivity of the recombinant allergen was
glutathioneS-transferase (GST) (8); and Bla g 6, troponin C (9). In compared with that of its natural counterpart, and recombinant
contrast, the molecular nature of the American cockroach allergenallergen was used for studying the potential pan-allergen behavior
is poorly understood. Five proteins of 78, 72, 45, 32, and 28 kDaof tropomyosins.
from the American cockroach extract have been identified as major

Materials and Methods
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T he prevalence of allergic diseases in most human popuallergens, having a prevalence 580% (10). An allergen of 29

) o o Adult whole bodies of both sexes Bf americanavere obtained from Dr.
Received for publication July 23, 1998. Accepted for publication January 8, 1999. y Bajjas (Centro de Investigaaioy Desarrollo-Consejo Superior de In-
The costs of publication of this article were defrayed in part by the payment of pagevestigaciones Ciefficas, Barcelona, Spain). Atlantic shrimpandalus
charges. This article must therefore be hereby madddrtisemenin accordance borealig was purchased from a local seafood store. Whole bodies of CR
with 18 U.S.C. Section 1734 solely to indicate this fact. and peeled shrimp tails were snap-frozen, ground in a mortar, and con-
* This work was supported in part by Bial-Ategui and Grant 53-06-07 from the Plan  served at-20°C until used. Preparation of acetone powder from CR and
Nacional de #D (Farma Ill), Grant 94-0299 from the Ministerio de Industria y shrimp tails was performed as described by Smillie (21). Purification of
Energia, Spain, and Grant 346B04 from the Programa INTEK, Departamento deropomyosin from acetone powder was conducted by a modification of the

Industria, Agricultura y Pesca, Basque Government. isoelectric precipitation method (21). Briefl§ g of acetone powder was

2 Address correspondence and reprint requests to Dr. Juan A. Asturias, Bitdgii, incubated in 50 ml of extraction buffer (1 M KCland 0.5 mM DTT, pH 7.0)
Research and Development Department, Alameda Urquijo 27, E-48008 Bilbaofor 16 h at room temperature, and centrifuged at 580@for 15 min. The
Spain. E-mail address: im000001@sarenet.es precipitate was extracted one more time for 2 h. The pooled supernatants

3 Abbreviations used in this paper: CR, cockroach(es); pl, isoelectric point; PVDF Were cooled to 4°C, adjusted to pH 4.6, and stirred for 30 min. After
polyvinylene difluoride; Per a Periplaneta americanallergen 7; GST, glutathione ~ centrifugation at the above conditions, the precipitate was dissolved in
Stransferase. extraction buffer and centrifuged again. This isoelectric precipitation at pH
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4.6 and dissolution of the precipitate in extraction buffer at pH 7.0 werecombinant protein. For the elaboration of experimental immunosera, im-
repeated twice, the final precipitate was dissolved in 0.5 mM DTT, pH 7.0,munization was performed in adult male White New Zealand rabbits and
and dialyzed against PBS. Further purification was obtained after precipSwiss mice. Weekly injections of 20g of purified shrimp tropomyosin or
itation with 35-60% ammonium sulfate saturation. The purified protein100 ug of purified CR tropomyosin, both with CFA, were given s.c., and
solution was dialyzed against x<1IPBS and stored at 20°C. In a typical after eight injections the animals were bled, and the serum was collected.
preparation, 13 mg of purified tropomyosin (0.08% yield) were obtainedCommercial immunosera against chicken tropomyosin were purchased
from 16 g of CR bodies, and 99 mg of purified tropomyosin (0.16% yield) from Sigma (St. Louis, MO).
were obtained from 61 g of shrimp tails.

Analytical methods

Cloning of tropomyosin cDNA by PCR amplification o . . )
Determination of the protein concentration was performed according to the

Poly(A)*-enriched mRNA was isolated from 100 mg Bf americana  method of Bradford (34). Proteins were analyzed by SDS-PAGE under
using the Quick Prep MicroRNA Purification Kit (Pharmacia, Uppsala, reducing conditions (35) and visualized by Coomassie Brilliant Blue R-250
Sweden). First-strand cDNA was synthesized fromgLof poly(A)*-en- (36). For immunoblotting experiments, proteins after SDS-PAGE were
riched mRNA using a first-strand synthesis kit (Pharmacia) and randoneglectrophoretically transferred to polyvinylene difluoride (PVDF) mem-
hexadeoxynucleotides as primers. Degenerate oligodeoxynucleotide priniranes (Immobilon-P, Millipore, Bedford, MA) (37). Membranes were in-
ers (Cruachem, Glasgow, U.K.) for cDNA amplification were designedcubated overnight at 4°C with allergic patient serum or at 37°C for 60 min
according to previously reported invertebrate tropomyosin sequences (2&ith rabbit polyclonal serum against shrimp or chicken tropomyosin (di-
27-29). The primers used were: TROF,-GCGGGATCCCATATG luted 1/1000 or 1/50, respectively). Immunodetection was performed as
GA(G/T)GC(CIT)ATCAAGAA(AIG)AA (sense); and TROR, '5  previously described using anti-rabbit IgG, anti-mouse IgG, or anti-human
CCGAATTCT(T/C)A(A/G)TA(G/AIT)ACCAG(T/AIC)(AIC)A(GIA)(T/ IgE Abs linked to horseradish peroxidase (38). Image analysis was per-
C)TCGG (antisense), where the slash between bases means that they wésemed using the Bio-Image system (Millipore). The shrimp tropomyosin
added at that particular position in equimolecular amounts during the synused for immunization was isolated from shrimp extract by electroelution.
thesis of the primerBarHI, Ndd, and EcoRl restriction sites are under-  Briefly, following SDS-PAGE, the gel was stained for a short period, just
lined. Five microliters of the single-stranded cDNA were mixed with the long enough to outline the bands, and the tropomyosin band (36 kDa) was
described degenerate primers in standard PCR mixture and subjected ¢ait, minced, placed in an elution tube, and eluted with a Bio-Rad model
amplification withTag DNA polymerase (Bioline, London, U.K.) in the 422 electroeluter (Bio-Rad, Hercules, CA) at 10 mA/tube over 4 h.
following conditions. After denaturation at 94°C for 4 min, the sample was

subjected to five cycles at 94°C for 1 min, 45°C for 2 min, and 72°C for Inhibition assays

oFor ELISA inhibition assays, microtiter plates (A/S, Nunc, Roskilde, Den-
; k) were coated with 200 ng/well of natural tropomyosins in 0.1 M

bp was isolated from 1% agarose gels (GeneClean, BIO 101, La Jolla, CA nar . )

After an initial denaturation step at 94°C for 4 min, the cDNA fragment Picarbonate buffer, pOH 9.6, and bIOCkEdO with blocking buffer (PBS sup-

was reamplified with 30 cycles at 94°C for 1 min, 56°C for 2 min, and 72°c Plémented with 0.05% Tween-20 and 1% BSA). One hundred-microliter

for 2 min and a final incubation at 72°C for 6 min. The fragment was aliquots of rabbit gntl-shrlmp (diluted 1/2500) or mice antl-C_:R (diluted

isolated from the gel and ligated to the pGEM-T vector (Promega, Madi_l/SOOO) tropomyosin serum or serum from allergic patients (diluted 1/2 or

son, WI), and the resulting construction was designated pTP1. Recombi-

nant DNA techniques were performed by standard methods (30).

Nucleotide sequencing ATG GAT GCT ATC AAG AAG AAG ATG CAG GCG ATG AAG CTG GAG ARG 45
M D A I K K K M ¢© A M K L E K 15

Nucleotide sequences were determined using the ABI PRISM Dye Termi- gac aac ccg ATG GAC TGC GCC CTT CTC TGC GAG CAG CAG GCC CGC %0
nator Cycle Sequencing Ready reaction kitand runonan ABI373ADNA p ¥ A M D ¢ A L L C E Q ©Q A R 30
sequencer (both from Perkin-Elmer, Foster City, CA). Commercial and cac Gcc AAC CTT AGG GCC GAG AAG GCT GAG GAG GAG GCG CGC TCC 135

sequence-based primers were used. The analysis of the sequences wa8 #» ¥ L ® A E Kk A E E E A R 8 45
achieved using the GCG Program Package (Genetics Computer Group,C]iG CAG AQG AQG Aic CAG CAG AgT GSG ASC GST CiG GST CRG Agc lgg
Madison, WI) and the BLAST program (31). 2 e e e

ATG GAG CAG CTG ATG CAG GTC AAC GCC AAG CTG GAC GAG AAG GAC 225

Expression and purification of recombinant tropomyosin M F e L M o vV N A X L D E K D 7
AAG GCC CTC CAG AAC GCT GAG AGT GAA GTT GCT GCC CTG AAC CGC 270
Tropomyosin-encoding cDNA was cloned into the expression vector ¥ 2 L. © N A E § E VvV A A L N R 90
pKN]_72 (32) and expressed B coli BL21 (DE3) carwing the lacUV5 CGT ATC CAG CTG CTA GAG GAG GAC CTC GAG AGG TCT GAG GAA CGA 315
promoter and the gene for the T7 RNA polymerase (33). The lacuys ®* * ¢ & L E E D L E R s E E R 105
promoter, induced by isopropyl-thip-galactoside (IPTG), directs tran- 776 65C AZT G0C AUT GC RAA CTG 60C GAG GOT TCA CgG eer Gre 2o
scription of the T7 RNA polymerase, which, in turn, transcribes target

DNA cloned under control of the T7 promoter. Tropomyosin-encoding GI,;T GQA Tgc G:G CgA Gic ch AQG AiT CET G];‘A Tgc AﬁG ch CEG ig;
cDNA was transferred from pTP1 to pKN172 adNdd-EcoRl fragment. GG GAT GAA GAA CGC ATG GAC GCA OTG GAG AAC CAG OTG AAG GAG 450
CompetentE. coli BL21 (DE3) cells were transformed withtheresulting a2 o ©E E R M D A L E N @ L K E 150
construction. The cells were grown to an gpof 0.6 in Luria Bertani GCC AGE TTC ATG GOCT GAA GAA GCA GAC AAA AAA TAT GAT GAG GTT 495
broth containing 20Qug/ml ampicillin. Isopropyl-thiog-galactoside was A R F M A E E A D K K Y D E V 165
then added to a final concentration of 0.6 mM, and incubation was con- cca cGT AAG TTG GCC ATG GTT GAG GCC GAC TTG GAG AGA GCA GAG 540
tinued for another 3 h. Cells were harvested by centrifugation, and the # ® ¥ L A M Vv E A D L E R A E 180
pellet was resuspended in 10 mM Tris-HCI (pH 8.0), 150 mM NaCl, and GAA CGT GCC GAG AGT GGT GAA TCC AAM ATT GTA GAG CTT GAG GAG 585
1 mM EDTA containing 10Qug/ml lysozyme and incubated for 15 minat ® ®* » & & ¢ & s K I v E L E E 185
37°C. After mild sonication (six pulses of 10 s each), the recombinant ¢3¢ CIT_C ch G‘T,T G‘T,C ch AQC Aﬁc CIT_G AQG Tgc CET GQG G‘T,G TgT gfg
tropomyosin was purified by a modification of the isoelectric precipitation

- . €75
method of Smillie (21) as described above. G GAG AAG GCC AAC CTG CGT GAA GAA GAG TAC AAG CAG CAG ATT

E E X A N L R E E E Y K Q Q I 225

AAG ACC TTG ACT ACC AGG CTA AAG GAG GCT GAG GCC CGT GCT GAG 720
A

Human and experimental sera K T . T 7 R T K E A E R A E 240

Twenty-nine household insect-allergic patients from economically de- "I¢ 6ZF A6 25G Tgc s CSG BRG CTG CgG ARG GRG GTT GIC A%G ;22
pressed areas of Marseille, France (9 woman and 20 men; mean age, 32 yr;

range, 6—62 yr) were selected. Patients suffered from asthma (19), allergic"y" % AT 22 TTG GTA CAC GAG RAG GPG BAG TAC ARG TIC ATT 2o

rhinitis (6), spasmodic cough (2), conjunctivitis (1), or atopic dermatitis TGT GAT GAT CTT GAT ATG ACT TTC ACC GAA CTT GOT GGT TAC TAA 855

(2). All of them demonstrated more than a class 1 score of serum-specific ¢ o o . b M T F T E L A G Y * 285

IgE to P. americanameasured by the Hy-Tec specific IgE enzyme immu- . . ) )

noassay (Hycor Biomedical, Irvine, CA), and positive skin prick test. A FIGURE 1. Complete nucleotide and amino acid deduced (in bold) se-
pool of sera from seafood allergic patients with a class 2 score of serumduences of Per a 7. Primers used for cDONA amplification are underlined.
specific IgE to shrimp was also used. Experimental and commercial rabbiThese sequence data are available from the GenBank/EBI databank under

polyclonal Abs against tropomyosins were employed to characterize reaccession number Y14854.
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mite -.E...N... oo I .R.EIA..K. ......... S ...VW.A ... ... E... VQ...SAA.T ..E..E.... T..GD..... ..... I....
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mussel MK....YT.. AS..E...K. A..... N..V ..NLNCGND. .IDQ..K..T ..KWI..... ...E.A.... JIT. V.. ... JA.L.AA.A. VID...Q.T.
nematode ..A....KI. .E..E..THN ...... V..V M.NRS.Q... .ANTV.A... .. QLL..... 2 2 P
chicken D.AQ...... LQ..E..EK. A..... GM.V I.NRAQK... K.EIQ.I... .. KHI..... R..E.A.... VII.G..... ... LS... CA...... KT
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CR VGNNLKSLEV SEEKANLREE EYKQQIKTLT TRLKEAEARA EFAERSVQKL QREVDRLEDE LVHEKEKYKF ICDDLDMTFT ELAGY-
fruitfly .......... -...8.Q... ..EN..... N o i e e D ..L...R..D .G....TA.V ..ILKE
mite ... ... QQ... AHE...RIM. .K.....(c.i civiinrnne vuan Geennn i S E..Q..A T..~
shrimp  .......... (..., Q... A..E...... NK. A i e it e .NLLoLL s .T.E..Q..3 S..-
snail  ......... I ..QE.SQ..D S.EET.RD Q D..N TE...T.S.. ... LA R..S E..8..A ..... -
mussel .CAT.T.Q. QNDPQ.SQ..D S.EET.RD N D..N TE...T.S Ro........ LT...... A ELLALLA Ll -
nematode .......... ..... IQ..D S.EE..R.VS S...... O R..T EE..S..Q ..S..~
chicken Teoa . A QA..YSQK.D K.EEE..V.. DK..... Teo v T.. E.SI.D.... .YAQ.LK..A ..EE..HALN DMTSI-
human LTl A QAFKYSQK.D K.EEE..I.. DK..... T..o e A.. E.TI.D.... .YAQ.LK..A EE..HALN DMTSI-
Ko ok ok Kk 1l x Kk ok kok K *HxkKk Kk kK *:: :*** * :*: * * * % T

FIGURE 2. Comparison of Pea 7 with different tropomyosins: fruit-fly¥rosophila melanogasterSwiss-Prot P06754), miteD( pteronyssinus
GenBank Y14906), shrimpMetapenaeus ensi§enBank U08008), snaiBiomphalaria glabrata Swiss-Prot P43689), musseéliytilus edulis GenBank
U40035), nematodedaenorhabditis elegangsenBank D38540), chicken (GenBank M32441), and human (skeletal, GenBank X04201). Points indicate
the identities of residues with respect to the upper sequence. Residues conser@&¥irof the sequences are marked in bold typeface. Asterisks and
double colon indicate residues conserved in all the tropomyosins or only in invertebrate tropomyosins, respectively. IgE-reactive shringsitropomy
peptides (24, 29) are marked.

1/4), previously incubated with different concentrations of natural and re-Purification of naturalP. americanaropomyosin and

combinant tropomyosins, were subsequently added and incubated fat purification of recombinant protein

37°C. For immunoblot-inhibition studies, serum from household insect-

allergic patients was incubated overnight at 4°C with,2§ of purified ~ NaturalP. americanaropomyosin was purified from whole body
inhibitor or BSA (negative control)/ml of sera. The preadsorbed sera were€CR extract by isoelectric precipitation and ammonium sulfate frac-

then used for immunoblot experiments. tionation. The protein gave a single homogeneous band on Coo-
massie blue-stained SDS-PAGE, with an apparent molecular mass
Resu_lts . . ) . of 37.1 kDa (Fig. 3). The yield of natural allergen from CR ex-
Amplification, cloning, and sequencing Bf americana tracts was 0.7% (w/w). RecombinaRt americanatropomyosin
tropomyosin cDNA was expressed as a nonfusion protei&iroli BL21 (DE3), using

RT-PCR conducted oR. americananRNA with the above-men- the pKN172 vector system, and purified by isoelectric precipitation
tioned primers produced a single fragment of approximately 850
bp, which was cloned into pPGEM-T and sequenced (Fig. 1). The
sequence encoded a polypeptide of 284 amino acids with a pre-

dicted molecular mass of 32,776 Da and a pl of 4.69. No potential ~ 2
N-linked glycosylation sites (NXT/S) were identified. A periodic M 1 2 3 4 M 3 4 5 6
heptameric sequence constituting tiaelical turn and an exten- ~ 94-0- s 94.0.

. . . . -, . 67.0 — .. 67.0- -
sive leucine zipper motif, both characteristic of tropomyosins, oc- 8.0~ = -
cur throughout the sequence. Sequence similarity searches using -l e - 43.0- »
the BLAST program revealed th& americanaropomyosin has =~ 30-0~ S 1300-10
thg highest homology to i_nsect tropomyosins frbm?usta migra- 20.1- . 20.1= '
toria (89%) andDrosophila melanogaste(84%; Fig. 2). High -
homologies were also found in other arthropods such as crusta- 144~ e 144- @

ceans (shrimp, 84—81%) and arachnides (mites, 80%). The ho- -

mology to other invertebrate tropomyosins decreased outside the

. FIGURE 3. Purification of natural and recombinaRt americanatro-
0, 0,
phylum Arthropoda, i.e., nematodes (69%) or mollusks (69%) (22’pomyosins. Coomassie-stained 12.5% SDS-PAGEand 12.5% SDS-

27_29' 39-41). Slgnlflcant,. but_lower: homology was aIsp fOL_mdPAGE containig 6 M urea B). Lane M Molecular mass markerignes 1
with vertebrate tropomyosins, including human (54% identity, 5042 total cell lysate fronE. coli BL21 (DE3) containing pKN172 alone
74% similarity). P. americanaropomyosin was designated Per a and pKN172 with tropomyosin-encoding cDNA, respectivédyie 3 pu-
7 in accordance with the International Union of Immunological rified rPer a 7;lane 4 purified natural Per a 7lane 5 BSA; lane 6§
Societies allergen nomenclature subcommittee (42). cytochromec.
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FIGURE 4. Competitive inhibition of the binding of CR tropomyosin- 30.0—p= z ' '
specific rabbit IgG polyclonal Abs to solid phase natural #& bynatural
(n) or recombinant (r) Per a 7. Control experiments were performed with 20.1 _.: i
BSA. * ¥
14.4 —

and ammonium sulfate fractionation. Repeated extraction of th?—IGURE 5 Immunological ch N s

. . . . . gical characterization of Per a 7. The IgE reac
first precipitate was necessary forimproving B& recovery. The i of sera from household-allergic patients with americanaextract
pure protein migrated as a 37.6-kDa band on SDS-PAGE (Fig¢a) and purified recombinant Pa 7 ) is shown. Proteins transferred onto
3A). The yield of purified rPea 7 was 9 mg/l of bacterial culture. pyDF membranes were probed with sera from allergic patients to house-
In the presencefcd M urea the mobility of tropomyosins from  hold insectslanes 1-1§ a serum pool from healthy individualage H),
different sources is reduced compared with that of other proteinsand buffer alonel@ne B. Molecular mass markersafe M) were stained
This criteria was used to assess the identity and purity of tropowith Amido Black B.

myosin preparations (21). The mobility of purifi€d americana
tropomyosins (natural and recombinant forms) indeed changed oga
SDS-PAGE containig 6 M urea, giving apparent molecular
masses of 52 and 47.8 kDa, respectively, whereas BSA (67 kDa
and cytochromes (12.5 kDa) migrated at the expected positions

nd from the CR extract. Regardless of their reactivity to the
7-kDa band, almost all the sera in the CR extract reacted to a
0-kDa band (Fig. B).

(Fig. 3B). Per a 7-like molecules as allergens in other arthropods
Comparison of Ab binding to natural and recombinant Inhibition experiments of IgE reactivities of tropomyosin-sensitive
P. americanaropomyosins patients to other arthropod extracts byr Re7 demonstrated that

- . . tropomyosins are important allergens in these species. Immunob-
The reactivity of natural and recombindhtamericanaropomyo- A -
y pomy lotting-inhibition experiments showed that bothrRe7 (natural

SIS 1S higher to_IgG ra_bblt Abs agalnst_ shrimp tropomyosin thanand recombinant forms) were able to inhibit IgE binding to tropo-
it is to those against chicken tropomyosin, as could be expected on =~~~ ; ; .
the basis of amino acid homology (84% for shrimp and 54% forMYOsIn I P. amerlcanaan_d !3Iatta onentahs. and Blatella ger-
chicken tropomyosins; data not shown). The IgG binding Speci_manlgaextracts (Fig. 6). It is important to notice that almost aII.the
ficity of natural and recombinant CR tropomyosins was assesselélE'b'ndmg bands (65, 52, 36, 27, and 20 kDa) detected.in

by ELISA-inhibition using CR tropomyosin-coated plates and an_orrllentalllsEe;(tra(iitndlgaggezﬁdr |rrl]ttft1emptrreserr1r?e 0|fn troplc()jrrl;yosrln.
tisera against CR and shrimp tropomyosins. Recombinant Per a ese 'ge-reacting bands diflerent from tropomyosin could be pro-

was able to inhibit IgG binding to natural tropomyosin up to 45% uced by tropomyosin aggregation or degradation processes. Nev-
when sera against CR tropomyosin was used, while natural C rtheless, natural tropomyosin produced stronger inhibition than
tropomyosin produced an inhibition of 95% (Fi’g. 4). Similar in- the recombinant counterpart. When sera from seafood-allergic pa-

hibition was found when ELISA-inhibition experiments were per- ;I:rrr];i)ws:g dLljJSciOcli Z?r:h:raizh?gﬁ:gfniﬁgatﬁga;gggjgoglzgaerg
formed with sera against shrimp tropomyosin. No significant effect | . . ' o '
9 b tropomy 9 hrimp tropomyosin, and Pa 7 also blocked IgE reactivity to the

was detected when BSA was used as inhibitor. These results coﬁ'—

firm that some epitopes from the natural tropomyosin are nof)ther allergens detected by the tested sera (RW. B ELISA-

present in its recombinant counterpart. The frequency of IgE bindlnhlb'tIon experiments, Rea 7 allergens produced 50% inhibition

ing to tropomyosin (from the extract and the purified recombinantgiftilgnE pbr'géj:::geéov\i[‘hr '2&%?3@5&2;0???lg;ed7\;v't¢h?sﬁ?n:jr;:g

protein) was compared by immunoblotting. IgE-reacting Abs to.” . . :
the purified tropomyosin were detected in 12 of 29 sera teste(!tf:d'cated that some common epitopes are present in these two

(41%). A representative Western blot including tropomyosin-pos- OPOMYyosIns.
itive sera is shown in Fig. 5. Seven of these sera gave a strong . .
signal in the 37-kDa band, which was weaker in the other five sera: IScussion

The former sera also reacted to bands of 33, 29, 21, and 18 kD&he CR allergen sequences and the production of recombinant
(probably tropomyosin degradation fragments) as well as to a 80allergens provide the basis for detailed studies of the immune re-
kDa band, which could be a dimeric form of the tropomyosin (Fig. sponse to these allergens, overcoming the problems related to vari-
5B). These tropomyosin-positive sera also reacted with a 37-kDability of allergenic extracts. Since tropomyosins are a family of
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FIGURE 6. Western blot analysis of tropomyosin cross-reactivities. Protein extractsHr@americangA), B. orientalis(B), B. germanicgC), andP.
borealis(Atlantic shrimp;D) were separated by SDS-PAGE and transferred onto PVDF membranes. Inhibition was performed by preincubating househols
insect-allergic A—C) and seafood-allergid)) patients’ serum pools withane 1, PBS buffer;lane 2 natural Per a 7lane 3 recombinant Per a Tane 4

BSA; andlane 5 natural shrimp tropomyosin.

highly homologous proteins with both allergenic and nonallergeniconly 50%, using experimental sera against CR tropomyosin and
effects, and the sequence of tropomyosins showed high identitggainst shrimp tropomyosin as well. It is not unusual that a
to each other, tropomyosin is a good model to study the conrecombinant protein produced in prokaryotic cells has less bi-
tribution of the primary structure to the allergenicity of pro- ological activity than that of their natural counterpart (22). This
teins. A simple and efficient method has been employed to clonéact could be due to improper folding of the recombinant pro-
cDNA molecules encoding the translated region of a major al-tein produced irE. coli or to the existence of various isoforms
lergen, tropomyosin, fronP. americana and to express this of tropomyosin involved in the allergenic response. The pro-
recombinant allergen if. coli as a nonfusion protein. Previ- duction of the recombinant allergen in a more convenient host-
ously reported recombinant tropomyosins frddermatopha-  vector system, such as insect cells using baculovirus-derived
goides farinaeand shrimp were expressed as fusion proteinsyectors, could solve the problems related to the improper fold-
with GST (22, 28); the disadvantage of this was that GST hasng of the expressed protein. On the other hand, the existence of
been described as an allergen in CR and mites (8, 43). Furthettistinct tropomyosin isoforms found in muscle, brain, or non-
more, the yield of purified recombinant protein obtained in thismyscle cells is well known (45). We suppose that Per a 7, pre-
work was 30-fold higher than the production of the farinae  pared in our laboratory, is one of the various tropomyosin iso-
tropomyosin fused to GST (22). The differences between apforms present, which has some epitopes in common with the
parent and expected molecular masses of tropomyosins Olyatural tropomyosins isoforms used for producing experimental
served in the present work and others (18, 22, 24, 28, 29, 444¢ra, or with the tropomyosin isoforms that induce allergy. It is
could be due to the particular structure of these proteins. Trointeresting to notice that in ELISA-inhibition experiments using
pomyosins are elongated two-stranded proteins with a dimerigera from seafood allergic patients, both natural tropomyosin
a-helical coiled structure along their entire length, which lent anq rper a 7 produced similar inhibition (Fig. 7). This effect that
these particular migrating properties. . could indicate differences in the epitopes recognized by IgG and
The IgG and IgE binding capacities of the recombinant tro-|gE Abs should be investigated in more detail.
pomyosin were weaker than those of the natural protein, as rPer” ¢ s reactivity between CR has been previously reported (11,
a7 is able to inhibit I9G binding to natural CR tropomyosin 0 46y 1t analyses using cloned or purified CR allergens have shown
that to date only Pea 1 and Bla g 1 share significant homology
and antigenic cross-reactivity (4, 11, 1B). germanicaallergens

100 " heraz Bla g 2, Bla g 4, and Bla g 5 are not presentRn americana
® rPera7 extracts (6—8), and Pa 3 fromP. americands not detected iiB.
80 f SB"S'/‘\”‘P germanica(14). The Western blotting inhibition experiments de-

scribed here showed that P& 7 is thesecond cross-reacting al-
lergen described in CR, as it is present in the two CR species tested
(B. germanicaandB. orientalig. It is interesting to notice that a
doublet band of 36 and 40 kDa appeared in most of the patients’
sera (Fig. 5), but with different intensities. This doublet was al-
ready detected at a frequency of 58.3% in sera from 12 atopic
patients (10). This double band also appeared in extracts from
other CR and shrimp extracts (Fig. 6), but in these cases the IgE
reactivity of the larger component was inhibited by natural and
L recombinant CR tropomyosin, in contrast to that in Eheameri-
canaextract. Experiments involving isolation of this reactive pro-
Log inhibitor (ng) tein are now in progress to understand these unexpected results.
FIGURE 7. ELISA-inhibition of human IgE binding to shrimp tropo- Preabsortion with tropomyosins removed IgE reactivity against
myosin-coated well by natural (n) and recombinant () #& and shrimp other IgE-reactive bands B. orientalisandP. borealis This fact,
tropomyosin (shrimp). Control experiments were performed with BSA. reported previously in mollusca and crustacea extracts (18) could

Inhibition (%)
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be due to the specific inhibitory effect to other tropomyosin iso- 9. Arruda, L. K., L. D. Vailes, D. C. Benjamin, and M. D. Chapman. 1995. Mo-
forms, tropomyosin aggregates/degradation products, or other pro-
telns_that share common reaCtN? eplt_qpes with tropomyc_)sm. IgEIO. Wu, C. H., M. J. Hsieh, J. H. Huang, and S. F. Luo. 1996. Identification of low
reacting bands of 36—40 kDa, identified as tropomyosins, have molecular weight allergens of American cockroach and production of monoclonal
been found in extracts from organisms such as crustaceans, insects, atibodiesAnn. Allergy Asthma Immunol. 76:195.

and mollusks, but not in vertebrates (chicken or mouse) (18, 2

5t

lecular cloning of German cockroacBléttella germanic allergensint. Arch.
Allergy Immunol. 107:295.

. Schou, C., P. Lind, E. FEmdez-Caldas, R. f. Lockey, and H. Lowenstein. 1990.
Identification and purification of an important cross-reactive allergen from Amer-

26, 47). Some of these species, belonging to the crustacean and ican (Periplaneta americariaand German Hlattella germanich cockroach.
mollusk groups, are important food sources in many parts of the

world. The existence of cross-reactivity among these species maf-

J. Allergy Clin. Immunol. 86:935.

Melen, E., L. Vailes, A. Pomes, L. K. Arruda, and M. D. Chapman. 1998. Mo-
lecular cloning of Per a 1, an IgE cross reactive allergen in American and German

be explained by the close phylogenetic relationship between these cockroach: homology to mosquito ANG12 gedeAllergy Clin. Immunol. 101
Phyla, although different epitopes must exist among their tropo-

myosins, since Re 7 could only produce a 50% inhibition of IgE 13-

binding to shrimp tropomyosin, while this protein produced a 95%
inhibition (Fig. 7). Nevertheless, serological IgE reactivity does14. wu, C. H., M. F. Lee, S. C. Liao, and S. F. Luo. 1996. Sequencing analysis of
not always result in a clinical hypersensitivity reaction, thus rig-

orous clinical studies of the hypersensitivity reaction to different

invertebrates should be performed among patients positive for tro-
pomyosin. Recent works on shrimp tropomyosins reported six IgE-
reactive peptides (24, 29) that showed different degrees of identityé- Wu, C. H., M. F. Lee, N. M. Wang, and S. F. Luo. 1997. Sequencing and

to the Per a 7 sequence. The sequence of the peptides E2, E3, and
E6, obtained fronPenaeus aztecubrown shrimp) tropomyosin

17

(Pen a 1), are highly homologous to Per a 7, with 100, 92, and 92%
identical residues. The sequences of the peptides P6 and P9 fro
Penaeus indicu@indian shrimp) tropomyosin have also high sim-
ilarity, with 77 and 63% identical residues. The lack of allergenic
cross-reactivity with tropomyosins from vertebrate sources sug-

gests that some residues among these peptides may be the critical

amino acids involved in binding to IgE. For example, the identities
of P9, E4, and E3 to the corresponding regions of human tropo-

myosin are 30, 30, and 50%, respectively.
In conclusion, this paper described the primary structure of an

20

allergenic tropomyosin from a previously unreported source anc1
demonstrated that the heterologous expression system and purifi-

cation procedures used are suitable for the production in higﬁ

amounts of well-characterized and purified recombinant Per a 7.
This recombinant allergen could allow more detailed immunolog-
ical characterization of tropomyosins and establish the role of®
these proteins in the cross-reactivity among invertebrates.

24
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