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fn tropical and subtropical regions of the world, al lergens produced by Blomio tropicol isare an impor-
tant cause of lgE-mediated sensit izat ion among patients with asthma. we compared the relat ive im-portance of sensit izat ion to the two mite species among asthma patients from Florida, puerto Rico,
and Brazil (n = 83), who were concurrently exposed to 8. tropicolís and D. pteronyssinus, with patients
from the United states and from the united Kingdom (n = 56) exposed to D. pteronyssinus.ln addit ion,
mofecufar cloning techniques were used to clone and express a major B. tropicolis allergen. There were
significant differences between lgE antibody responses to B. tropicolis and D. pteronyssinusthat were
refated to exposure: only 22o/o of patients exposed to both species had a high rat io (> lo) of lgE
D' pteronyssinus:B. tropicolis, whereas 680/ooÍ patients exposed onlyto D. pteronyssinushad a ratio of
> 1o (p < o'ool ) '  A maior 14-kD al lergen (Blo t 5), cloned from a B. tropicolrs cDNA l ibrary, showed
43olo seQuence homology to D. pteronyssinus Der p 5. Recombinant Blo t 5 produced in E. cotireacted
with 45 to 690/o of sera from B. tropicolis-allergic asthmatics and induced positive immediate skin tests
at 10-3 to 1 pglml' ln vivo and rn vitro comparisons of lgE responses to B. tropicolis, D. pteronyssinus,
rBfo t 5' and rDer p 5, showed that 8. tropicolis has unique allergens that cause specific lgE responses.
The results suggest that 8. tropicol is is an independent cause of sensit izat ion and that use of recom-
binant Blo t 5 should lead to a better understanding of the role of B. tropical is incausing asthma in
tropical environments. Arruda LK, vailes LD, Platts-Mills TAE, Fernandez-Galdas E, Montealegre
F' Lin K-t, chua K-Y, Rizzo MC, Naspitz cK, Ghapman MD. sensitization to Blomía tropícalís in
patients with asthma and identification of alllrgen Blo t s.
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There is increasing evidence that exposure to indoor allergens
is a causative factor for the development of asthma among per-
sons who are genetically predisposed to make IgE antiboav iau)responses (l-7).sensitization to indoor allergenì is the strongest
independent risk factor associated with asthmà (odds ratios >lol.
Allergens derived from house dust mites have been recognized
as an important cau.sg of IgE ab responses for more than 30 yr,
and Dermatophagodes species (family pvnocrypHroe') are the

predominant fauna in house dust worldwide. At leasr seven
groups of protein allergens have been defined and cloned from
Dermatophagoides spp, and used in etiologic studies investigat-
ing the role of dust mites in asthma (revièwed in References 2
and 8). A recent survey in the united states revealed that, along
with D. pteronyssinus and D. forinae, the most common mite
species in the house dust fauna were Blomio tropicalis and, Eu_
roglyphus maynei (9).

Blomia tropicalis (family Grvcvpn^croaE) and D. pteronys-
sinus occur with high frequency and at high lóvels of infestation
in houses from tropical and subtropical arèas of the world. These
regions include the southern statei of the united states, central
and South America, Holg Kong, Thiwan, India, and Egypt
(9-12). Epidemiologic studies in sào paulo , Brazil, have shown
that sensitization to Blomia is strongly associated *ittr .t itahood
asthma (13, l4). No significant evidence of sensitization or expo-
sure to cat, cockroach, grass pollens, or Aspergillus was found
among children in sào paulo, and dust miìes àpp.a, to be by
far the most important allergens associated with asìirma in Brazii.
A recent multicenter skin testing study in several Latin American
countries, including Brazil,venezuela, and colombia, confirmed
the high prevalence of sensitization to mites, notably, B. tropicalis,
in patients with asthma 05).
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Evaluation of the role of ,8. tropicalis allergens in asthma has
been complicated by the fact that concurrent sensitization oc-
curs in houses where both ^8. tropicalis and D. pteronyssinus are
present. In contrastto D. pteronyssinus, allergens from B. trop-
icalis are poorly defined, and no major allergen has yet been iden-
tified. Previous immunochemical studies showed that B. tropicalis
does not produce allergens homologous to the Group I and Group
2 Dermatophagoides spp. allergens. Inhibition studies suggested
that B. tropicalis allergens were species-specific, and the extent
of cross-reactivity with D. pteronyssinas was estimated at n,30go
(13, 16-19). We have investigated sensitization to B. tropicalrb and
D. pteronyssinus among patients with asthma exposed to both
mite species or exposed primarily to D. pteronyssin ns. We have
also cloned and expressed an important allergen from,B. tropicalis
(Blo t 5), which shows homology to D. pteronyssinus allergen
Der p 5. The recombinant Blo t 5 will facilitate clinical and im-
munologic studies of the role of B. tropicolls in asthma, and it
offers the prospect of developing new strategies for the diagno-
sis and treatment of asthma in tropical and subtropical areas of
the world.

METHODS

Subjects

A total of 139 patients were enrolled in the present study. Sixty-two were
children 3 to l4 yr of age with moderate to severe asthma who attended
the Pediatric Allergy clinic of Paulista School of Medicine, sào paulo,
Brazil. Sixteen were asthmatic children from Poole, United Kingdom,
who had participated in a previous study (l). Thirty-six were adult pa-
tients with asthma: 14 from Ponce, Puerto Rico; seven from Thmpa,
Florida; l5 from charlottesvilie, virginia. Twenty-five were children or
adult patients with atopic dermatitis seen at the university of virginia,
Charlottesville, VA. The patients from Brazil, Puerto Rico, and Florida
(n : 83) were selected on the basis of a positive immediate skin test
to D. pteronyssinus and/or B. tropicaft's, and a positive radioallergosor-
bent test (RAST) () 40 units/ml) to B. tropicalis exrracr. The group of
patients with asthma or atopic dermatitis from charlottesville and poole
(n : 56) were selected on the basis of positive immediate skin tests and
RAST () 40 units/ml) to D. pteronyssinas. Serum samples from patients
in Brazil, Puerto Rico, and Florida were collected in 1993; the serum
samples from charlottesville and Poole were collected between 1989 and
1994. Serum samples were stored at -20" C. Nine children 7 to 12 yr
of age with rhinitis and/or asthma from Brazil, and five nonallergic adult
subjects from Manchester, uK (20), underwent skin testing with recom-
binant allergens.

fgE Antibodies to D. pteronyssinus and B. tropicalis

Serum IgE antibodies (ab) to D. pteronyssinus and B. tropicolis were
measured by quantitative RAST, as described previously (21). The assay
was calibrated using a control curve of D. farinae discs and serial 2-fold
dilutions of a mite allergic serum pool (uvA 87 /0r), containing 1,000
units,/ml of IgE ab. The uvA serum pool was substandardized against
an international reference serum pool (National Institute of Biological
Standards and control: code No. 821528), and one RAST unit is equiva-
lent to n 0.1 ng of IgE (21).

Molecular Cloning oî B. tropicolis Allergens

Total RNA was extracted from 3.8 g a. ffopicalis whole bodies, using
5 M guanidinium isothiocyan ate/0.01M EDTA, SVo 2-ME/0.05 M TRIS
HCI at pH 7.5 (22). Messenger RNA was obtained using a Fasfriack
kit (Invitrogen, san Diego, cA). A B. tropicalis cDNA library was pre-
pared in the uniZAP-XR expression vector (Stratagene, I"a Jolla, CA),
using 12 1tg B. tropicalrs mRNA. The cDNA library (amplified titer, 7 x
l0'pfu/ml) was screened with IgE antibodies obtained from eight asth-
matic children with a high B. tropicalis RAST (600 to 4,700 units/ml,
i.e., 60 to 470 ng/ml IgE ab). The,B. tropicalis library (400,000 pfu) was
screened as described previously, and eight positive plaques were identi-
fied and cloned (22). Partial nucleotide sequencing revealed that 7 /g
cDNA clones were identical. one of the cDNA clones, bt 2B (537 bp),
was further screened against individual sera from r39 patients by plaque
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immunoassay. Double stranded sequencing of bt zB DNA was carried
out by dideoxynucleotide chain termination using a Sequenase kit (usB
Biologicals, Cleveland, OH). The FASTA program was used to search
the NBRF, GenBank, and Swiss-Prot databases for sequence homolo-
gies (23). The protein encoded by the ór 28 CDNA clone was designated
Blo t 5, according to the WHO/IUIS allergen nomenclature (24\.

Expression of Recombinant Group 5 Mite Allergens

Polymerase chain reaction (PCR) was used to generate a 366 bp Blo t
5 DNA fragment containing BamH I and Xho I restriction enzyme sites,
which allowed subcloning into the pGEX-4Tl expression vector (phar-
macia Biotech, Piscataway, NJ). Fifty nanograms of Blo t 5 plasmid
DNA were amplified by PCR using P/u DNA polymerase (Stratagene).
Reactions were carried out in 50 pl volume, with denaturation at 94' c
for I min, annealing at 37" C for I min, and extension at 72" C for
3 min for 30 cycles. An initial 5-min incubation step at 94" c was per-
formed, and each reaction was terminated for l5 min at72" c. primers
for PCR were as follows: 5'CGC GGA TCC CAA GAG CAC AAG
CCA AAG 3'(sense); and 5'CCG CTC GAG TTA TTG GcT TTG AAT
Arc 3'(antisense). The PCR amplified Blo r 5 DNA did not contain
the 5'noncoding sequence and the predicted signal peptide sequence
(nucleotides I ro 83). Ligation of the 366 bp Blo t 5 DNA into BamHI/
Xho I digested pGEX-4Tl and transformation of competent Escherichio
coli strain ToPl0F' (Invitrogen) were performed as described (25).

Expression of Blo t 5 as a fusion protein with glutathione-s-transferase
(GST) was induced with I mM IPTG, and purification from bacterial
lysates was performed over glutathione sepharose (pharmacia Biotech)
followed by elution with l0 mM reduced glutathione. Digestion with
thrombin (10 units/mg protein for 18 h at room temperature) released
the recombinant 14 kD Blo t 5 protein (rBlo t 5), which was collected
in the flow through after further purification over glutathione sepharose.
Recombinant Der p 5 (rDer p 5) was prepared as for Blo t 5. Briefly,
E. coli strain TGI transformed with a pGEX-2T Der p 5 construct was
grown at 37o C, and expression of rDer p 5 as a fusion protein with
GST was induced with I mM IPTG. Purification of rDer p 5 from bac-
terial lysates was carried out over glutathione sepharose, followed by
elution with l0 mM reduced glutathione and digestion with thrombin,
releasing the 14 kD rDer p 5 protein (26). The purity of rBlo t 5 and
rDer p 5 was assessed by silver-stained SDS-PAGE using an 8 to 25Vo
gel on a PhastSystem (Pharmacia), and the N-terminal amino acid se-
quence was determined by Edman degradation. The yield of recombinant
Group 5 allergens was 1.0 to 1.5 mg/L of culture.

lgE Ant ibod ies to  Recombinant  Group 5 A l lergens

IgE ab to rBlo t 5 and rDer p 5 were measured in sera from 138 or 136
mite-allergic patients, respectively, using an antigen-binding RIA (27).
Two serum samples were not available for the Der p 5 assay. Briefly,
20 pg rBlo t 5 and rDer p 5 were radiolabeled with 0.5 mCi 'r '1, using
the chloramine:I technique (specific activity, 21-51tCi/ltgand l6 ltCi/1tg,
respectively). Sera di luted l /2 and l /10 were incubated with2 ng " ' I-
rBlo t 5 or '2'I-rDer p 5 (n,1Q6,000 cpm added) for 4 h at room tempera-
ture. IgE myeloma serum (P.S.) diluted l:200 was used as a carrier. Im-
mune complexes were precipitated overnight af 4o C with 50 pl sheep
antihuman IgE (The Binding Site, San Diego, CA), washed, and counted
in a y-counter. The assays were quantitated using control curves con-
structed with serial 2-fold dilutions of patients' sera No. 37 (Brazil) or
V.P. (Charlottesville), for the rBlo t 5 and rDer p 5 assays, respectively.
Each serum was assigned 1,000 units/ml of IgE antibody.

lmmediate Skin Testing

Skin prick tests were performed using comm ercial D. pteronyssinus (10,000
AUlml; Bayer Corp., Spokane, WA). B. tropicalis extract was prepared
from mites cultured on a medium of autoclaved nude mice food and
Brine shrimp (l:l), and separated using a Tullgren apparatus. In this sys-
tem, the photophobic live mites are induced to pass through six layers
of cheese cloth to escape the light and heat produced by a 60-W light
bulb, allowing collection of ) 95Vo pure mite bodies. Whole mite bod-
ies were defatted and extracted in 100 mM ammonium bicarbonate. Af-
ter centrifugation, the supernatant was dialyzed against distilled water
and filtered (12). The protein concentration of the B. tropicalis extract
was 1,900 pg/ml. Purified rBlo t 5 and rDer p 5 were used for prick
tests at 5 pg/ml. A wheal of 2 4 x 4 mm diameter 15 to 20 min after
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TABLE 1

COMPARISON OF THE RATTO OF tgE ANTTBODTES
TO DIFFERENT MITE SPECIES IN  SERA FROM

THE AMERICAS AND EUROPE*
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O (Oo/o)

1  (14o/o)

18  (22o/o)T

38 (68%) t

* lgE antibodies to D. pteronyssinus and B. tropicol ls were measured by quanti tat ive
RAST, and the rat io lgE ab to D. pteronyssinus:8. tropícol is was calculated. The number
o f  sera  f rom d i f fe ren t  pa t ien t  g roups  w i th  a  ra t io  )  1O are  shown,  w i th  percentaqe va lues
shown in  parentheses .

Î  p  <  0 .001 (ch i -square  tes t ) .

inject ion was regarded as a posit ive prick test. euanti tat ive intradermar
skin tests were carr ied out sèquentiaì ly with 0.0i ml of l0-fotd di lut ions
of rBlo t 5 or rDer p 5, from i0-. to lóo pg,/ml, as previously described,
and a ) 6 x 6 mm diameter wheal was considerèd posit ive (2g). Skin
tests using mife extracts and recombinant ai lergens were approved bythe Human Investigation committees of the unlversity oi virginia andthe Paulista School of Medicine.

RESULTS

Analysis of tgE ab to B. tropicolis and D. pteronyssinus
Sera for these studies were obtained from patients with asthma
and/or atopic dermatitis living in selected géographic areas where
exposure to B. tropicalis and D. pîeronyssinus are known to dif_
fer. Patients l iving in Brazi l ,  puerto Rìco, and Florida were ex_
posed to both B- tropicaàs and D pteronyssinus (fi ). In conrrast,
patients from charlottesvi l le and poolewere exposed to D. pte_
ronyssinus but not to B. Íropicalrs. Extensive mite counts car_
ried out in rhe 1980s ( in more than 200 homes) fai led to derect
B. tropicalis in charlottesvi[e or poole (T. A. E. platts-Mills and
S- wilkins, unpublished data); indeed, B tropicalishas never been
reported in the UK. The 139 sera *er. analyzed for IgE ab to
B- tropicalrs and D. pteronyssinus by RAST io urr.r, thì degree
of cross-reactivi ty between both species in exposed and unex_
posed populat ions.

Among patients exposed to both B. tropicarisand D. pteronys-
sinus who had detectable IgE ab to B. tropicolis (RAST > 40
rrnits,/ml), 8490 also had tgE ab to D. pteroiyssinus.conversely,
among patients exposed to D. pîeronyssinus but not to B. tofi-
c'alis,509o had detectable IgE ab to B. tropicalis. Differences be_
tween B. tropicalls exposed and nonexposed patients were fur-
ther assessed by comparing the ratio of tÀg ab tò D. pteronyssinus
and B. tropicalis (Figure l). only 22vo of the patients exposed
to B- tropicalis had a ratio ) 10, whereas in those not exposed
to B. tropicalis, the ratio was ) l0 in 6ggo of patients (p ( 0.001)
(Tàble I and Figure l) .  These results showed tnat ai i trough aí
much as 5090 of patients from charlottesvi l le and poolJ had
detectable IgE ab to B. tropicalis, the levels of IgE ab to D. pte_
ronyssinu,s were l0 to 100-fold higher than to B. tropicalls. The
charlottesvi l le/poole patients included 25 with utoi i .  dermari_
tis who had remarkably high levels of IgE ab to D. pieronyssinus
(RAST, 240 to 34,770 units,/ml),  and lg of 25 of ihese parienrs
(72v0\ had IgE ab to B. tropicalrs. In contrast, only 32vo of mite_
alfergic asthmatic patients (D. pteronyssinus RASr,Tgto 10,000
units/ml) had IgE ab to B. tropicalrs (p < 0.05, chi-square test).

ldentification of Blomia tropicolis Altergen Blo t 5
by cDNA Cloning

To further examine the antigenic relationship between B. tropicalis
and D. pteronyssinus, molecular cloning was used to identifv

U.  S .A .
n=61

U. K.
n = 1 6

Figure I . lgE antibodíes to D. pteronyssinus and B. tropicalis (D.pt:Blo-
mia RAST) in sera from patients l iving in Sào Paulo, Brazil; Charlot-
tesvil le, VA, Florida, and Puerto Rico, USA; and Poole, UK. Closed tri-
ongles represent patients from Florida and Puerto Rico íncluded in
the  USA group (n  =  21) .

B. tropicals allergens. A B. tropicalis cDNA library was screened
with IgE ab in pooled sera from mite-allergic children. Eight posi-
tive plaques were identified, and partial 5' end-sequencing re.
vealed that seven of eight clones were identical. one cDNA clone
(bt 2B) was fully sequenced and further screened with 139 in-
dividual sera by IgE plaque immunoassay. Among patients from
Brazll, Puerto Rico, and Florida,5T of 83 (6990) had IgE ab to
the protein encoded by clone bt 28. These results suggested that
the protein encoded by cDNA clone bt 2B was an important al-
lergen. In contrast, only l3 of 56 (23vo) of the charlottesvil le/
Poole patients had IgE ab to this protein (p ( 0.001). Another
cDNA cloné (bt 8) coded for a protein with sequence homology
to troponin-C and reacted with 49Vo of the patients' sera (se-
quence data on this allergen will be published elsewhere) (Table
2). Nucleotide-sequencing revealed that bt 28 cDNA contained

TABLE 2

PREVALENCE OF lgE TO THE PROTEINS EXPRESSED
FROM B. tropicolis cDNA CLONES"

C lone  Number

Sera  f rom Pat ien ts  in :
8 t  28

(B lo  t  5 ) 8 r 8

5ào Pau lo ,  Braz i l
Puer to  R ico

F lor ida

A t l

Char lo t tesv i l le ,  VA,  and

Poo le ,  UK

62
1 4

83
56

42 (680/o)
e (64%)
6 (860/0)

st 1osvo1i
t I 1Zloz6;f

32 (s2%)
6 (43%)
3 (43%)

41 (4e%)
N D

*  Determined by  p laque immunoassay .
T  S ignr f i can t  d i f fe rences  be tween the  preva lence o f  lgE ab  in  these groups  (p  (

0 . 0 0 1 ) ;  N D  =  n o t  d o n e .
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L7 1,

A.AC ACT CAC AAT CCA CAA ACT CAA ACA ACA ATG AAG TTC GCC

N T H N P Q T Q T T M K T ' A

ATC GTT CTT ATT GCC TGC TTT GCC GCT TCG GTT TTG GCT CAÀ'

I V L I A C F A A S V L À ' Q

GAG CAC AAG CCA AAG AAG GAT GAT TTC CGA AAC G; TTC GAT

E H 1 < P K K D D F R N E F D

CAC TTG TTG ATC GAA CAG GCA AAC CAT GCT ATC GA'A A'AG GGA

H L L I E Q A N H A I E K G

GA.A CAT CAA TTG CTT TAC TTG CAÀ CAC CAA CTC GAC GAA TTG

E H Q L L Y L Q H O L D E L

a a a

AAT GAÀ. AÀC AAG AGC AÀG GAÀ TTG CAA GAG AAA .ATC ATT CGA

N E N K S K E L Q E K T I R

GAA CTT GAT GTT GTT TGC GCC .ATG ATC GAA GGA GCC CAA GGA

E L D V V C A M I E G ' A Q G

GCT TTG GAA CGT GAA TTG AAG CGA ACT GAT CTT AAC ATT TTG

A L E R E L K F . T D L N I L

GAA CGA TTC A,\C TAC GAA GAG GCT CAA ACT CTC AGC AAG ATC

E R F N Y E E A Q T L S K I

TTG CTT AAG GAT TTG AAG GAA ACC GAA CAA AA.A GTG AAG GAT

L L K D L K E T E Q K V K D

ATT CAA ACC CAÀ TAA AAA TTT AGA ATT GTA CAA TTT TAC ATT
T ' T Ó

465 TTT GAT ATG ATT AAA TGT CA,A TA-A ATG TTC AAT AA.A TAA ATT 506

507 CAA TTT TTA ACT ATA17 537

Figure 2. Nucleotide and deduced amino acid sequence of cDNA
clone bt 28, encodin g B. tropicolrs allergen Blo t 5. The predicted trans-
lat ion init iat ion codon ATC is typed in bold. The putat ive signal pep-

t ide cleavage site is located between residues Arz and Qre ( in bold).
The 17 N- termina l  amino ac id  res idues inc lude 13 hydrophobic
residues, forming a classic signal peptide sequence (29). A potential
N-l inked glycosylat ion site is indicated (bold dot) and the stop codon
TAA (osterisks) is shown. A polyadenylation site (AATAAA) is under-
l ined.  Number ing ind icates the nuc leot ide pos i t ion.  The sequence
data presented here have been submitted to GenBank under the ac-
cession number U59102.

a432open reading frame encoding al34 amino acid. residue pro-

tein. The sequence included an AIG start codon at positions 33
to 35, and a l7-residue putative signal peptide (nucleotides 36
to 83) with a predicted cleavage site between Alanine,T and
Glutamine,. residue (Figure 2) (29). The mature protein contains
l17 amino acid residues, with a predicted molecular mass of
13,876 D.

Homology to D. pteronyssinus Allergen Der p 5

Sequence similarity searches of the NBRR GenBank, and Swiss-
Prot databases revealed that the only protein with significant
similarity to the deduced amino acid sequence of gDNA clone
bt 2B was a 14 kD D. pteronyssínus allergen, Der p 5. This aller-
gen was originally identified and cloned by Tovey and colleagues
(30) and further sequenced and expressed by Lin and colleagues
(26). Comparison of the amino acid sequences showed 4390 ho-
mology between the protein encoded by cDNA clone bt 28 and
Der p 5 (Figure 3). The bt 2B protein is the first B. tropicolis
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45kDa-
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241<Da-

3 3 8

3 8 0
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L28

3 3 9

DCB
Figure 4. SDS-PAGE analysis of recombinant Blo t 5 expressed in E.

,óti uta fusion protein with glutathione-S-transferase. The fusion pro-

tein was purif ied from [. coll lysates by glutathione affinity chroma-
tography(A), followed by digestion with thrombin (8). Recombinant
Blo t 5 was recovered in the flow-through after passage over gluta-

thione sepharose (C). Purif ication of rDer p 5 was carried out under

s imi la r  cond i t ions  (D) .

allergen that has been cloned and fully sequenced. In accordance
withlhe WHO/IUIS nomenclature, the protein was designated
Blomia tropicalis allergen 5 (Blo t 5) based on its sequence ho-

mology to Der p 5, rather than on the chronologic order of its

discovery (24). This also distinguished Blo t 5 from the Group

1 allergens oÎ Dermatophagoides spp., which are structurally un-

related (8).

lgE Antibody Responses to Recombinant Group 5 Allergens

Recombinant Blo t 5, i.e., the protein encoded by cDNA clone

bt zB,was expressed in E. coti and gave a single 14-kD band on

SDS-pAGE (Éigure 4). In addition, the 8 N-terminal amino acid

residues of rBlo t 5 were identical to the predicted sequence from

the cDNA. IgE ab to rBlo t 5 was measured in sera from 138

mite-allergic patients by antigen-binding RIA. The prevalence

of IgE to igtó t 5 among patients from Brazll, Puerto Rico, and
Florida was 4590 (37 of 83), and among patients from Charlottes-
ville and Poole, it was 20u/o (ll of 55). The levels of IgE ab were

also significantly lower in the group from Charlottesville and

Poole *h.n compared with the group from Brazil, Puerto Rico,

and Florida (GM: 29.2 units /ml and 106 units/ml, respectively;
p < 0.005) (Figure 5A). In contrast, there was no difference be-

i*..n IgE ab to rDer p 5 in the two groups of patients (p : 0'38)
(Figure 5B). As much as 4wo of radiolabeled rBlo t 5 or rDer

r 0  2 0  3 0  4 0  5 0  6 0

BIO t 5 MKFAIVLIACFAAS' - VLAQEHKPKKDDFRNEFDHLLIEQANHAIEKGEHQLLYLOHQLDELNENKSK
: : :  . : :  : . : .  :  .  ,  : :  : . . : : : :  : : . : '  "  

: , : : :  : ' : : : ' : . ' " ' i '  :

DCTP 5 MKF..  - I IAFFVATLA\, ' }4TVSGEDKKHDYQNEFDFLLMERIHEQIKKGELALFYLQEOINHFEEKPTX

1 0  2 0  3 0  4 0  5 0  6 0

7 0  8 0  9 0 r - 0 0  1 1 0 L 2 0  1 3 0

Bro t 5 
:tnuTlt*:t?\,1/cAMTEGAQÎ"luT""*Tt?:t1t:*oTt:u1ott.*lftl?iT*:tlYÎÌ:*

Der p 5 È."lr;-i;^;;;iit*ioéu*àuiò""rò*^óióionó"*t"*"*scoi"s*oio^uuo*"n^iÈu
7 0  8 0  9 0  1 0 0  1 1 0  1 - 2 0  1 3 0

Figure 3. Sequence al ignment between B. tropical is Blo t 5 and D. pteronyssinus Der p 5 (26,30). ldentical
amino ac id  res idues ( : )  or  conseryed subst i tu t ions ( . )  are  ind icated (overa l l  homology,43o/o) .
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p 5 could be bound by IgE ab from mite-allergic patients (maxi-
ffrum, 46,000 cpm bound), whereas sera from four nonallergic
patients consistently gave background binding (( 0.590 radio-
activity or 400 cpm bound). The results suggest that IgE ab re-
sponses to rBlo t 5 in unexposed patients reflect antigenic cross-
reactivity with D. pteronyssinus allergen Der p 5.

Linear regression plots were also used to compare IgE ab to
the Group 5 allergens in B. tropicalis-exposed and -unexposed
patients. A high proportion of sera from exposed patients had

I  ( X )  I  , ( X X )

l g E  t o  r B l o t  5  ( u n i t s i m l )

IgE ab to both rBlo t 5 and rDer p 5 (24 of 58,  lVo), and in

this group significant numbers of patients had IgE ab specific

for either Der p 5 (3690) or Blo t 5 (22V0) (Figure 6A). These
results suggest that both rBIo t 5 and rDer p 5 are necessary to

evaluate fgE ub responses in patients exposed to the two mite

Species. In contrast, among patients exposed to D. pteronyssi-

ius but not to B. tropicalis, the majority (66Vo, 2l of 32) had

IgE ab to Der p 5, but not to Blo t5, and only eight sera had

IgE ab to both allergens (Figure 68).

B

I  ( X )  l , ( x x )

lgE to rBlot  5  1uni15/ml)
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Figure 6. Correlat ion between lgE antibodies to rBlo t 5 and rDer p 5 in sera from mite-al lergic patients.

1À; Sera from patients in Brazi l ,  Florida, and Puerto Rico with detectable serum lgE ab to Croup 5 al lergens

(n = 58). (8) Sera from Charlottesvi l le/Poole patients with lgE ab to Group 5 al lergens (n = 32). Open

symbog indicate sera from mite-al lergic patients who had no detectable lgE ab to Group 5. Doshed l ines

ind icate  the min imal  leve ls  o f  assay sens i t iv i ty .
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Biologic Activity of Recombinant Group 5 Allergens

To investigate the biologic activity of rBlo t 5, selected mite-
allergic patients with asthmaand/or rhinitis underwent skin test-
ing with the recombinant allergens. Positive imrnediate prick tests
were obtained using rBlo t 5 at a concentration of 5 pglml and
intradermal tests at a concentration as low as l0' 1t"g/ml, whereas
no reaction was observed in nonallergic patients with rhinit is.
These results confirmed that the B. tropicolis allergen Blo t 5
produced in bacteria retains IgE binding capacity in vivo. Simi-
larly, rDer p 5 induced positive skin testing in mite-allergic pa-
tients, as previously reported (26'l (Table 3).

DISCUSSION

comparison of IgE ab responses in sera from exposed and un-

expoied asthma patients, together with the cloning and expres-

sión of a major àUergen, has made it possible to investigate the

molecular basis for sensitization to B. tropicalis and D. pteronys-

sinus. Several lines of eviclence from the present study suggest

that B. tropicalis is an independent cause of sensitization in trop-

ical and subtropical countries where patients may be exposed

to this species as well as to D. pteronyssinus. A significant num-

ber of patients living in these areas make higher levels of IgE

ab to B. tropicalis than to D. pteronyssinus; they are more likely

to make IgÈ ab responses to both Group 5 allergens; and 'v20ú/o

make IgE ab responses to Blo t 5, but no detectable response

to Der p S. f. topicatis appears to be a primary cause of sensiti-

zationin Brazil, Florida, and Puerto Rico, and the results would

also be expected to apply to other regions where Blomia spp con-

stitute a large proportion of the acarofauna in houses. The results

show that paiients exposed to D. pteronyssinus make partially

cross-reactive IgE ab responses to B. tropicalis. However, the mag-

nitude of the IgE anti-D. pteronyssinus response is greater than

to B. tropicolís, and most of these patients (66V0) make IgE ab

to Der p 5, but not to Blo t 5. Recent skin test studies on a group

of aduit patients with asthma in Manchester, UK, have shown

positive intradermal skin tests to Der p 5, but not to Blo t 5, in
'w5090 of D. pteronyssinus-sensitive patients (20). Thus, the de-
gree of structural homology between the Group 5 allergens (43V0)

is not sufficient in most cases to elicit cross-reactive IgE ab re-

sponses. The cross-reactivity to B. tropicalis observed in D. ptero-

iyssinus-sensitized patients usually involved patients with very

high IgE ab levels (e.g., from asthma/atopic dermatitis patients),

who would be expected to make more polyclonal responses. An

important clinical application of our results is that B. tropicalis
shóuld be included in the panel of allergen extracts used for evalu-

ation and treatment of immediate hypersensitivity in patients with

asthma living in areas where B. tropicalis is prevalent.

Although several Dermatophogoides spp. allergens have been
purified, cloned, and sequenced in the past decade, Blo t 5 is

ihe first allergen from B. tropicalrs to be defined and produced

as a recombinant protein. In addition to sequence homology, Blo

t 5 and Der p 5 share other structural features. Inspection of two

additional Der p 5 cDNA clones revealed that the sequences have

132 amino acid residues, including a l9-residue putative signal
peptide sequence and a mature protein containing ll3 residues
(piedicted molecular mass, 13,585 D) (26). Similarly, Blo t 5 is

à t34-residue sequence containing a 17-residue putative leader

sequence, with a 117-residue mature protein (estimated molecu-

laimass, 13,876 D). Blo t 5 has one potential N-linked glycosy-

lation site and one cysteine residue, neither of which are present

in Der p 5. Despite their overall similarities, there are sufficient

differences in the sequence and/or potential glycosylation of the

two allergens to explain the differences in IgE ab responses. To
date, no significant sequence homology between the Group 5
mite allergens and other proteins has been found, and the bio-

logic function of these proteins remains to be determined. Re-
..ntly, a partial cDNA sequence has been identified that has 7g%
identity to the C-terminal half of Blo-t 5, and it appears to be
a truncated form of Blo t 5, or of a Blo t 5 isoform (GenBan[
accession number, L127702; submitted by L. Caraballo, unpub-
lished).

The results show that the recombinant Group 5 allergens have
excellent immunologic activity in vitro and in vivo and that both
allergens can be produced in bacteria with a consistent yield and
high degree of purity (> 9590). This raises the possibility that
thé recombinant allergens could be used for diagnostic and clin-
ical purposes. In keeping with previous studies on Der p 5, the
prevalence of IgE reactivity to Group 5 allergens (50 to 70Vo)
was lower than that reported for the Group I or Group 2 Der-
matophagoides spp allergens (rv90q0) (2). Although the devel-
opment of a specific test for IgE ab to B' tropicalrs could not
be achieved using rBlo t 5 alone, our results suggest that it would
be possible to use rBlo t 5 for diagnostic purposes in combina-

tion with another cloned B. tropicalis allergen (e.g., the troponin
allergen, bf 8). The use of recombinant Blomia allergens for evalu-
ation of immediate hypersensitivity is currently being investigated

aS part of a multicenter skin test trial being carried out in the

unìted States, the United Kingdom, Brazil, Argentina, and Sin-
gapore.

Epidemiologic studies using monoclonal antibody (mAb)-

baseà assays for measuring Dermatophagoides and other aller-

gens in house dust have provided strong evidence that indoor

àll.rgen exposure is a major risk factor for asthma (l-3, 6, 13,

14). Assessment of exposure to Blomia, on the other hand, has

been based on a few published reports of the prevalence oÎ B. trop-

icalis and B. kutagini in addition to our own acarologic studies

(unpublished). The availability of rBlo t 5 will enable immuno-

àrruy, to be developed for monitoring allergen exposure, for al-

t.rgén purification, and for structurai and functional studies of

the allergen. Severai mAb to rBlo t 5 have recently been produced

in our laboratory and a mAb-based assay for measuring Der p 5

has also been developed (31). Thus, it wil l soon be possible to

-ut. quantitatin. .ornpuiisons of the levels of exposure to these

homolàgous allergens in exposed and unexposed patients'

The use of recombinant Group 5 allergens also has applica-

tions in cellular studies of asthma. these include studies of al-

lergen accumulation in the airways after bronchial challenge' as

has recently been demonstrated with Der p 1' and analysis of

mediator release and cellular recruitment affer allergen challenge

(32). The sequence information ir un essential prerequisite for

studying T:cell piotiferation in patients with asthma and for defin-

ing the epitopes involved. Incrèasingly, T-cell-based peptide vac-

cines are being considered u, u n.niiíerapeutic approach to al-

lergen immunotherapv' and preliminuiv ttàrs with T.cett rynlt{i]
derived from Fel d I have shown promising results in asthmattc

patients allergic to cats (33). An alternativè approach is the de-

velopment of modified allergen, *ith decreaséd lgE-binding ca-

pacity (also dependent on hàving;;;;;J' 
".tombinant 

aller-

gens) rhat contain u Uioua..p..to1*óiicell'epitopes 
(34)' These

novel treatment strategies *il no*lttoÀt àppiicaule to BIo-

mia sppusing sloJ j uía other 
"ú;;s;;;;J.ntiri.a 

using molec-

ular cloning techniques (35)' .-. --^., irrpe crrónq evidence for
In conclùsion, thè present study provides strong t

an important role of 
'Blomia 

tropicolis allergens as an indepen-

denr cause of sensi tizationu-on;;;i*lr *i,rt asthma living

in tropical areas of the world' neluitea comparisons of lgE re'

activity to B. tropicalis and D' pi'ii'y"inal supports the view

that B. tropicatiscontains unique ;lí;;;;;;';"0 tih-erefore should

be included in the evaluation orì--nítaiate hypersensitivity tn

patients exposed to both -itt 'pttìt;' Th;;;;iification of Blo

t 5 as a major B. tropicalo utt"'g"",-uì'a its production as a recom-
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TABLE 3

sKfN TEsrs AND SERUM rgE ANTTBODTES ro B.  t ropicot is  AND
D. pteronyssinus ALLERGENS tN CHTLDREN FROM BRAZTL

B. tropicolis D. pteronyssinus rBlo t  5 rDer p 5

P a t i e n t  N o
RAST

Sk in  Tes t *  (un i ts /ml )  Sk in
RAST

(units/ml) Skin TesrTest

a

l g E  I

(units/ml) Skin Test
lgE f

(units/ml)

l

)

4

5

6

7

Cont ro l  sub jec ts ,
n = 7 +

> 10,000
1 ,500

10,000
> 10,000

1 ,800
> 10,000
> 10,000

< 1 0

1 0  x  6

6 r 6

7 r 8

l 0 ' 5

7  r 7

5 " 8

6 x 6

N e g

1 , 4 6 0

r ,605
336
40
70

680
30

< 1 0

6 r 4

6 ' 5

1 0 - r

1 0 - 3

7 r 5

t 0  I

1 0 - 4

N e g

1 7 5
425
< 4
< 4

1 0
< 4
< 4
< 4

1 0 - 3

10'2

4 r 5

5 ' 5

1 0 - l

7 x 7

Neg

480
< 4
1 0 8
1 5 4
120
< 4
276
< 4

1 0  x

4 x
.l 

5 "
1 0  x

1 0 '

1 5 '

l 0  x

Neg

8
5
9

1 2

1 1

'  Sk in  tes ts  a re  repor ted  as  e i ther  the  whea l  d iameter  ( in  mm) on  pr ick  tes t  o r  as  the  concent ra t ion  o f  a l le rgen ( in  pg lml )  tha t  caused
a pos i t i ve  reac t ion  ( )  6  x  6  mm whea l  d iameter )  15  min  a f te r  in t radermal  in jec t ion .

I  Measured by  an t iqen-b ind inq  R lA.
t  Cont ro ls  were  two ch i ld ren  * i th  rh in i t i s  and negat ive  sk in  tes ts  to  D.  p te ronyss inus  and B.  t rop ico t isand f i ve  nona l le rg ic  adu l t  sub jec ts

who consented  to  quant i ta t i ve  in t radermal  sk in  tes ts  w i th  rB lo  t  5  and rDer  p  5  (20) .  The cont ro l  ch i ld ren  had e i ther  négat ive  sk in  p r ick
tes ts  to  Croup 5  a l le rgens  or  gave negat ive  reac t ions  (<  6  x  6  mm whea l  d iameter )  on  in t radermal  sk in  tes t ing  us ing  1  pg lml  rg lo  t  5
o r  r u e r  o  ) .

binant  protein,  wi l l  make possib le invest igat ion of  the structure
of  Croup 5 mite a l lergens,  the local izat ion of  IgE and T:cel l  epi-
topes on these molecules,  and fur ther epidemiologic studies of
the role of B. tropicqlis in allergic asthma.
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