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Cloning and expression of Blo t 1, a novel allergen from the dust mite Blomia
tropicalis, homologous to cysteine proteases

C. Mora, I. Flores*, F. Montealegre* and A. Diaz

Department of Microbiology, University of Puerto Rico, Medical Sciences Campus, School of Medicine, San Juan and *Department of Microbiology, Ponce

School of Medicine, Ponce, Puerto Rico

Summary

Background House dust mite allergens have been shown to be a very important stimulus in the
causation of asthma and triggers for the exacerbation of symptoms. Therefore, characterization of
mite-derived allergens at the molecular level is an important step for the development of effective
diagnostic and therapeutic approaches, as well as for epidemiological studies.

Objective To clone, express and characterize at the molecular level the cysteine protease from
Blomia tropicalis (Bt).

Methods A full-length cDNA encoding Blo t 1 was cloned from a Bt cDNA library using a PCR
and RACE-based strategy. The cDNA was PCR-amplified, sequenced and subcloned into a pro-
karyotic expression vector. The allergenicity of the recombinant Blo t 1 was evaluated for IgE
reactivity by Western blot.

Results  Blo t 1 cDNA encodes a 221 amino acids polypeptide with an estimated molecular weight
of 25kDa. The recombinant protein is 35% identical to other mite cysteine proteases. Recombinant
Blot1 (rBlot 1) bound IgE from 62% of Bt skin test-positive serum. Dermatophagoides pteronyssinus
(Dp) skin test-positive sera did not react with rBlo t 1, indicating the possible presence of unique IgE
epitopes on the rBlo t 1 molecule. A three-dimensional image of Blo t 1, constructed based on
predicted analysis, showed conserved secondary and tertiary structure with other cysteine proteases.
Conclusion Wereport the cloning, expression and IgE reactivity of Blo t 1, a novel allergen from the
domestic mite Blomia tropicalis (Bt), highly homologous to cysteine proteases. This putative cysteine
protease, designated Blo t 1, may play a major role as an immunodominant allergen involved in dust

mite-specific IgE-mediated hypersensitivity.
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Introduction

Since the establishment of Dermatophagoides pteronyssinus
(Dp) and D. farinae (Df) as a main source of house dust aller-
gens, immunochemical, physicochemical and molecular studies
have identified multiple allergens in these species [1-5]. Of these
allergens, cysteine proteases or group 1 allergens have long been
recognized as immunodominant allergens involved in dust
mite-specific [gE-mediated hypersensitivity [6]. It has been pro-
posed that proteolytic activity is the major contributor of the
hypersensitivity associated with group 1 dust mite allergens
such as Der p 1 [7]. Der p 1 causes disruption of intercellular
tight junctions (TJs), which are the principal components of the
epithelial paracellular permeability barrier [8]. This suggests
that opening of TJs by environmental proteinases may be the
initial step in the development of allergic asthma. Other studies
have established that Der p 1 selectively cleaves human CD25,
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the alpha subunit of the T cell IL-2 receptor [9]. As a result of
this cleavage, Thl cells show diminished proliferation and
IFN-y secretion, leading to an augmentation of the Th2 subset
and, presumably, the development of allergy.

It is expected that the design of better diagnostic and thera-
peutic strategies for allergic asthma will be advanced by efforts
to clone and characterize the major dust mite allergens, includ-
ing those of Blomia tropicalis (Bt). The important role of Btas a
trigger of allergic asthma and allergic rhinitis has been previ-
ously documented [10-13]. Although many studies have been
performed to identify and characterize the allergens from Df
and Dp, few studies have been applied to defining the spectrum
and relative clinical importance of Bt allergens. It has been
reported that Bt has 21 different IgE binding antigens detected
by crossed-radioimmunoelectrophoresis. Most of these aller-
gens are species-specific [14] or have relatively low cross-
reactivity with Dermatophagoides species allergens [15]. Other
studies have demonstrated that Bt has one major allergen
(11-13kDa), and three important allergens (64 kDa, 36kDa,
33kDa) with about 51% IgE reactivity [16].

Defining the relevance of Bt in allergic respiratory diseases has
important clinical and epidemiological implications, especially
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due to their high prevalence in tropical and subtropical areas of
the world. As an important first step in the characterization
of the allergenic components of Bt and their individual roles in
the IgE-mediated immune response to this mite, we report the
cloning and expression of Blo t 1, a new allergen from the house
dust mite Bt, highly homologous to cysteine proteases.

Materials and methods

Blomia tropicalis culture

Bt mites were grown in 8-inch diameter culture dishes on Tetra-
Fin fish food (TetraWerke, Blacksburg, VA, USA). After
28 days, live cultures containing mites, fecal particles and cul-
ture media were placed on a funnel with 150 size mesh and
exposed to a 40-watt light bulb for 4h. The live mites, which
dropped through the mesh, were collected in 50 mL conical
centrifuge tubes, immediately placed on a l-inch deep and
12-inch diameter brass sieve pan (Dual Manufacturing Co.,
Chicago, IL, USA) and evenly distributed to form a uniform
layer. Mites were again exposed to the 40-watt light for 15 min
and after this period the brass sieve pan was turned face down
and gently tapped so that food particles and dead mites were
eliminated. The live mites, which had adhered to the brass sieve
pan, were then used for poly A* mRNA isolation.

Serum samples

Sera from 27 patients with positive skin reactions by the skin
prick test (> 3 mm weal-erythema) to Bt and Dp extracts were
used to establish the IgE-binding frequency of the recombinant
protein. Negative control sera (n=12) were obtained from
subjects from Michigan, USA, who are not likely to be exposed
to Bt (kindly provided by Dr Robert Bull, Laboratory of
Human Genetics, Michigan State University). Low level
(<21U/mL) IgE reactive sera characterized by fluorescent al-
lergosorbent test (FAST) were also used as controls (n=7;
available through Dr F. Montealegre, Laboratory of Immuno-
chemistry, Ponce School of Medicine)

Construction of the Bt cDNA library

Bt poly A* mRNA (21.5 ug/mL) was isolated from 300 mg of
live mites using the QIAGEN Oligotex Direct mRNA Midi/
Maxi Kit according to the manufacturer’s specifications
(QIAGEN Inc, Valencia, CA, USA). The integrity and size
distribution of purified poly A* mRNA was verified by formal-
dehyde-agarose gel electrophoresis (1.2%) and ethidium brom-
ide staining. cDNA was synthesized from 1 g of mRNA using
the Clontech Marathon cDNA Amplification Kit according to
the manufacturer’s protocol (Clontech Laboratory Inc., Palo
Alto, CA, USA).

Polymerase chain reaction (PCR)-based Blo t 1 cloning
strategy

Gene-specific primers derived from highly conserved amino
acids regions from the cysteine protease actives site sequences
of Dp, Df and Euroglyphus maynei (Em) were designed. The
5" primer corresponded to N-terminal amino acid region
QGGCGSCW (5-CAAGGAGGCTGTGGTTCATGTTGG-
3’) and the 3’ primer was specific for the C-terminal amino
acid region WIVRNSWD (5-ATCCCAACTGGTTCGTAC-
GATCCA-3'). ‘Hot Start’” PCR amplification using the Bt
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cDNA library as template DNA was performed with the Taq
PCR Core Kit and HotStart Taq DNA polymerase (QIAGEN
Inc.). Final concentrations per reaction (50 uL final volume)
were as follows: 10pmol of each primer, 200 um of each
dNTP, 1 x PCR buffer including 1.5 mm MgCl,, and 2.5 units
of Taq DNA Polymerase. PCR was performed in a PTC-200
thermal cycler (MJ Research, Waltham, MA, USA) using an
initial incubation of 15min at 94°C, followed by 30 cycles of
30s at 94°C, 1 min at 55°C and 1 min at 72°C. After a final
incubation of 10min at 72°C, amplicons were analysed by
agarose electrophoresis, cloned and sequenced.

Cloning and DNA sequencing

PCR-amplified DNA was purified using the QIAquick PCR
Purification Kit (QIAGEN Inc.) according to the manufactur-
er’s specifications and cloned into TOPO TA pCR 2.1 plasmid
(Invitrogen, Carlsbad, CA, USA). Recombinant plasmids were
transformed into E. coli XL1 Blue cells (Stratagene, La Jolla,
CA, USA) and identified by blue/white screening on Luria-
Bertani (LB) plates containing 100pug/mL ampicillin,
2% 5-bromo-4-chloro-3-indolyl-beta-D-galactoside (X-gal)
and 10 mM isopropylthio-beta-D-galactoside (IPTG). Plasmids
were purified using the Plasmid Mini-Prep Kit following the
manufacturer’s protocol (QIAGEN Inc.). The presence of
insert DNA was confirmed by EcoRI restriction analysis and
sequencing. Automated cycle sequencing was performed in
both directions using the Cy5 AutoCycle Sequencing Kit
(Amersham Pharmacia Biotech Inc., Piscataway, NJ, USA)
with the M13-40 and M 13 reverse primer on an ALFExpress
sequencer (Amersham Pharmacia Biotech Inc.).

5and 3' rapid amplification of cDNA ends (RACE)

5" and 3’ RACE were performed using the Bt cDNA library as
template DNA. Gene-specific primers for the 5" and 3’ RACE
reactions were designed according to the DNA sequence
obtained from the first round PCR product. 5 RACE was
performed using the 5 primer (5-TGCCTCGGGAGACA-
TACCCGATTG-3"; nucleotide residues 211-234) and the adap-
tor primer 1 (AP1), which binds to the Marathon cDNA
adaptor. For the 3’ RACE reaction, the gene-specific primer
(5-GGTGATCAAGAGATTCAAGCAGCAATCATG-3;
nucleotide residues 370-399) and the AP-1 primer were used for
amplification. ‘Hot-Start-Touchdown’ PCR amplification from
Bt cDNA library was performed as described above. Cycle par-
ameters included an initial incubation time of 15 min at 94°C,
five cycles of 30s at 94°C, 2min at 70 °C, and five additional
cycles of 30 s at 94°C, 2 min at 68 °C. After 25 cycles of 30 s at
94°C, 2min at 66 °C and a final incubation at 72°C for 5min,
amplicons were subcloned and analysed as described above.

Full-length cDNA generation

A ‘Hot Start’ standard PCR reaction using primers based on the
5" and 3’ ends of the characterized RACE products was used to
amplify the full-length Blo t 1 cDNA from the Bt cDNA library.
The oligonucleotides used were: 5-ATTCCAGCCAATTTT-
GATTGG-3' (nucleotide residues 1-21) in the forward direc-
tion and 5-AAGGGATGCATAGATTGG-3' (nucleotide
residues 646-663) in the reverse direction. ‘Hot Start” PCR
amplification was performed as described above. Cycling
parameters were as follows: 15 min at 94°C; 30 cycles of 30s



30 C. Mora et al.

at 94°C, 1 min at 50°C, and 1 min at 72 °C, and a final incuba-
tion at 72 °C for 5 min.

Nucleotide sequence and inferred amino acid sequence
analysis

Sequence analysis was performed using the Mac VECTOR 5.0
software (IBI, New Haven, CT, USA). Hydrophilicity plots
were computed with the software according to the Kyte-
Doolittle algorithm using a seven-residue window [17]. Identity
and similarity searches were conducted by comparing the
sequence with those present in GeneBank, National Center
for Biotechnology Information (NCBI), using the Basic Local
Alignment Search Tool (BLAST) heuristic search algorithm.

Preparation of expression construct

The full-length Blo t 1 cDNA was cloned into pDS56/RBSII-
E/6His-Eco (pDS56) vector [18] by directional cloning of the
PCR-amplified cDNA using primers engineered to include
BamHI (forward) and HindllI (reverse) sites. The PCR product
was first cloned into the TOPO TA vector. Insert DNA was
obtained by BamHI and Hindlll digestion followed by gel
purification using the QIAGEN Gel Extraction Kit (QIAGEN
Inc.). Full-length Blo t 1 cDNA was subcloned into pDS56
cleaved with BamHI and HindlIl. After transformation into
E. coli XL1 Blue cells (Stratagene), coding frame was checked
by restriction analysis and sequencing of transformants.

Expression of rBlo t 1 in E. coli

Expression of Blo t 1 in E. coli XL1 Blue cells was induced with
I mm IPTG for 2h. After centrifugation, cell pellet was lysed
with buffer B (8 m urea, 100mm NaH,PO,4, 10mm Tris-Cl,
20 mM imidazole, pH 8.0) under denaturing conditions. Purifi-
cation of the recombinant histidine-tagged protein was done
using a Ni-NTA Superflow resin (Qiagen Inc.) followed by
elution with buffer D (8 M urea, 100mm NaH,PO,4, 10mMm
Tris-Cl, pH 5.9) following the manufacturer’s protocol.

Sodium dodecylsulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) and immunoblotting

Non-denaturing SDS-PAGE and immunoblotting were per-
formed according to standard methods [19,20]. Fifty ng of
rBlo t 1 were loaded per track in a 15% polyacrylamide gel.
Protein concentration was determined by the Bradford method
(Bio-Rad Protein Assay; Bio-Rad Laboratories, Richmond,
CA, USA). Proteins were visualized by silver staining. For
immunoblotting, proteins were transferred to a PVDF mem-
brane (Immobilon-P Millipore, Bedford, MA, USA). Each
PVDF strip was incubated overnight with 150 pL of patient’s
serum. IgE binding was visualized by incubating the strips with
horseradish peroxidase anti-human IgE monoclonal antibody
(1/100 000 dilution in 0.5% BSA) (The Binding Site, San Diego,
CA, USA) and the Supersignal West Femto Maximum Sensi-
tivity Substrate (PIERCE, Rockford, IL, USA). Chemilumin-
escence detection was performed by autoradiography.

Secondary and three-dimensional structure analysis

Secondary structure analysis was performed using the Mac
VECTOR 5.0 software (IBI, New Haven, CT, USA) based in
the Chou-Fasman and Robson-Garnier methods [21-23]. The
structural model of rBlo t 1 was compared with the crystal

structure of human cathepsin L (NCBI MMDB PDB files
1CS8A) and porcine cathepsin H (NCBI MMDB PDB
files S8PCHA) [24,25]. Three-dimensional modelling was
performed using the San Diego Protein Structure Modelling
Server (San Diego Supercomputing Center, San Diego, CA,
USA) [26] and the RasMol software [27].

Results

Cloning of a cysteine protease cDNA from Blomia tropicalis

In order to clone the Bt cysteine protease cDNA, the primary
structures of published mite cysteine proteases (Der p 1, Acces-
sion number AAA28296 [28]; Der f 1, Accession number
P16311 [29]; and Eur m 1, Accession number P25780 [30]) were
aligned using the Clustal W algorithm and compared. Oligonu-
cleotide primers were designed from the conserved active sites
QGGCGSCW and WIVRNSWD. These primers amplified a
PCR product of approximately 518 bp from the Bt cDNA
library, which was subcloned and sequenced. Homology
searches using BLAST revealed an open reading frame lacking
the 5’ and 3’ termini and homologous to dust mite cysteine
proteases. Gene-specific primers based on the partial sequence
were designed to be used in 5’ and 3’ RACE reactions. The
5" RACE oligonucleotide was complementary to nucleotide
residues 211-234 and the 3’ RACE primer to nucleotide resi-
dues 370-399. PCR reactions with each RACE primer plus the
adaptor-specific AP-1 primer amplified two single products
of approximately 350 bp (5 RACE) and 500bp (3’ RACE).
Cloning, sequencing and analysis of these products showed
high amino acid sequence similarities to 5’ and 3’ termini of
cysteine proteases from various organisms. A full-length cDNA
clone was generated by PCR amplification using oligonucleo-
tides complementary to the 5’ (nucleotide residues 1-21) and
3’ (nucleotide residues 646-663) sequences.

Sequence analysis of a cysteine protease cDNA from Blomia
tropicalis

Nucleotide sequence analysis of the full-length cDNA included
a 663 base pairs coding region of the mature protein terminating
at the TAA stop codon (Fig. 1). Homology searches in the
NCBI protein database revealed significant similarities to
other cysteine proteases from dust mites and other organisms.
BLAST analysis of the inferred amino acid sequence of
the mature protein showed 35% identity to Der p 1, Der
f 1 and Eur m 1. The 40 amino acid sequence of the Blot 1 5
RACE product was also analyzed using the BLAST algorithm
and was found to be homologous to the pro-peptide
sequences of a number of cysteine proteases from insects,
parasites, and plants, but not to the group 1 dust mite
allergens. Isoleucine was predicted to be the initial amino
acid of the mature protein of Blo t 1 based on sequence homo-
logy to cysteine proteases from organisms such as Aphis gossypii
(plant, ACCESSION# CAD33266), Fasciola hepatica (trema-
tode, ACCESSION# AAA29137), and Rhodnius prolixus
(insect, ACCESSION# AAL34984). The residues making up
the cysteine protease active sites are conserved (Glx19, Gly23,
Ser24, Cys25, His169, Ser190 and Trp191) except for Thr189,
which was substituted for Asn. Blo t 1 maintains five of the
seven cysteine residues present in Der p 1, Der f 1 and Eurm 1,
while Cys67 is unique to Blo t 1. In addition, aspartic acid
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10 20 30 40 50 60 70
ATTCCAGCCAATTTTGATTGGAGACAAAAGACACATGTAAACCCGATCCGAAACCAAGGAGGCTGTGGTT
I P A N F D w R Q K T H v N P I R N Q G G C G

80 90 100 110 120 130 140
CATGTTGGGCATTCGCTGCCTCTTCGGTTGCCGAAACATTGTATGCAATCCATCGTCACCAAAATATAAT
S C w A F A A S S v A E T L Y A I H R H Q N I I>

150 160 170 180 190 200 210
TCTATCGGAACAAGAGTTGCTCGATTGCACATACCACTTATATGACCCAACATATAAGTGTCATGGATGT
L S E Q E L L D C T Y H L Y D P T Y K C H G C>

220 230 240 250 260 270 280
CAATCGGGTATGTCTCCCGAGGCATTTAAATACATGAAACAAAAGGGATTGTTGGAAGAAAGCCATTATC
Q S G M S P E A F K Yy M K Q K G L L E E S H Y>

290 300 310 320 330 340 350
CATATAAAATGAAACTTAACCAATGTCAAGCCAATGCCAGAGGAACAAGATACCATGTAAGCAGCTATAA
P Y K M K L N Q (4 Q A N A R G T R Y H v S S Y N>

360 370 380 390 400 410 420
TTCACTTCGATACCGAGCAGGTGATCAAGAGATTCAAGCAGCAATCATGAACCATGGTCCAGTTGTGATC
S L R Y R A G D Q E I Q A A I M N H G P Vv v I>

430 440 450 460 470 480 490
TACATTCACGGTACCGAAGCTCATTTCCGTAATTTGCGTAAGGGAATCCTTCGTGGAGCTGGTTATAACG
Y I H G T E A H F R N L R K G I L R G A G Y N>

500 510 520 530 540 550 560
ATGCTCAAATCGATCATGCCGTCGTTTTGGTTGGTTGGGGAACTCAAAATGGAATCGATTACTGGATCGT
D A Q I D H A v v L Vv G W G T Q N G I D Y W I V>

570 580 590 600 610 620 630
ACGAACCAGTTGGGGAACTCAATGGGGTGATGCTGGTTATGGTTTTGTTGAACGACACCACAATTCGTTG
R T S W G T Q W G D A G Y G F v E R H H N S L>

640 650 660
GGTATCAACAACTATCCAATCTATGCATCCCTTTAA
G I N N Y P I Y A S L>

Fig. 1. Nucleotide and deduced amino acid sequence of Blo t 1 cDNA. Numbers are nucleotide positions. The stop (TAA) signal is underlined. Conserved
cysteine active site residues are double-underlined.

Derpl 1 TNACSIN-GNAPAEIDLRQMRTVTPIRMQGGCGSCWAFSGVAATESAYLAYRNQSLDLA 58
Der f 1 1 TSACRINSVNVPSELDLRSLRTVTPIRMQGGCGSCWAFSGVAATESAYLAYRNTSLDLS 59
Eurm 1 1 TYACSINSVSLPSELDLRSLRTVTPIRMQGGCGSCWAFSGVASTESAYLAYRNMSLDLA 59
Blot1 1 ---------- IPANFDWRQKTHVNPIRNQGGCGSCWAFAASSVAETLYATHRHQNIILS 49
Derpl 59 EQELVDCASQ-------- HGCHGDTIPRGIEYIQHNGVVQESYYRYVAREQSCRR-PNA 108
Der f 1 60 EQELVDCASQ-------- HGCHGDTIPRGIEYIQQONGVVEERSYPYVAREQRCRR-PNS 109
Eurm 1 60 EQELVDCASQ-------- NGCHGDTIPRGIEYIQQONGVVQEHYYPYVAREQSCHR-PNA 109
Blot1 50 EQELLDCTYHLYDPTYKCHGCQSGMSPEAFKYMKQKGLLEESHYPYKMKLNQCQANARG 108

Derpl 109 QRFGISNYCQIYPPNVNKIREALAQTHSAIAVIIGIKDLDAFRHYDGRTIIQRDNGYQP 167
Der f 1 110 QHYGISNYCQIYPPDVKQIREALTQTHTAIAVIIGIKDLRAFQHYDGRTIIQHDNGYQP 168
Eurm 1 110 QRYGLKNYCQISPPDSNKIRQALTQTHTAVAVIIGIKDLNAFRHYDGRTIMQHDNGYQP 168
Blot1 109 TRYHVSSYNSLRYRAGDQEIQAAIMNHGPVVIYIHGTEA-HFRNLRKG--ILRGAGYND 164

Derpl 168 N--YHAVNIVGYSNAQGVDYWIVRNSWDTNWGDNGYGYFAANIDLMMIEEYPYVVIL 222
Der f 1 169 N--YHAVNIVGYGSTQGDDYWIVRNSWDTTWGDSGYGYFQAGNNLMMIEQYPYVVIM 223
Eurm 1 169 N--YHAVNIVGYGNTQGVDYWIVRNSWDTTWGDNGYGYFAANINLMMIEQYPYVVML 223
Blot1 165 AQIDHAVVLVGWGTQONGIDYWIVRTSWGTQWGDAGYGFVERHHNSLGINNYPIYASL 221

Fig. 2. Comparison of the derived amino acid sequences of Der f 1, Eur m 1, Der p 1 and Blo t 1. Conserved cysteine protease active site residues are in
bold. Arrows indicate conserved cysteine residues.
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residue 168 (D168), which in papain and other cysteine prote-
ases influences the enzyme catalytic activity, is conserved in Blo
t 1 but not in the other mite-derived cysteine proteases (Fig. 2).

Expression and purification of rBlo t 1 in E. coli

The inducible pDS56 expression vector containing the full-
length Blo t 1 cDNA was transformed into E. coli XL1 Blue
cells. Upon induction with IPTG, cells were collected by centri-
fugation and lysed. The recombinant protein was affinity-
purified on a Ni-NTA superflow resin by batch purification
under denaturing conditions. Forty-three milligrams per litre
of culture of the recombinant protein were obtained. SDS-
PAGE showed a single band with a molecular weight of about
25kDa (data not shown). The recombinant protein expression
and molecular weight were also confirmed by Western blotting
using an anti-histidine antibody (data not shown).

Reactivity of IgE antibodies against rBlo t 1

The reactivity of IgE from serum of non-immunotherapy adult
patients with positive skin test (>3 mm weal-erythema) to Bt
(n=21) and Dp (n=6) extracts was tested. Sera from individ-
uals who live in Michigan, USA, where Blomia is not present
(n=12), and sera shown to have low IgE levels (<2IU/mL;
n="7) by FAST were used as controls. Thirteen out of 21
patients (62%) skin test-positive to Bt extracts demonstrated
strong IgE binding to recombinant Blo t 1. All six sera from
patients reactive to Dp (but not Bt) did not reveal any IgE
binding to rBlo t 1. Control sera from Michigan individuals
and sera with low IgE levels also failed to react with rBlo t 1.

MW X
1000

97 —

66 —

45 —

31 —

21 —

1 2 3 4 5 6 7 8

Fig. 3. Immunoblotting (15% SDS-PAGE) of rBlo t 1 with test serum
samples. The IgE reactivity to rBlo t 1 was tested against
non-immunotherapy Bt-positive skin test patient sera (representative
samples 1-5) and sera from individuals from Michigan, USA, where
Blomiatropicalis is not present (representative samples 6-8).

Figure 3 shows the immunoblotting of rBlo t 1 with representa-
tive serum samples from Bt-positive skin test patients and con-
trol individuals.

Secondary structure and three-dimensional prediction
analysis

Results from the secondary structure analysis show that rBlo t 1
amino acid sequence has a similar distribution of alpha helix
and beta sheet motifs as human cathepsin L and porcine cathe-
psin H, with the exceptions of amino acid regions 4-7, 114-119
and 215-221. These are predicted to be ‘turns’ instead of beta
sheets. Analogous to human cathepsin, rBlo t 1 has an alpha
helix (AA 50-56) and a beta sheet (AA 151-156) structure not
present in the porcine cathepsin. Three-dimensional structure
of rBlo t 1 suggests that this molecule consists of two domains
with a deep cleft between them. A large portion of the divergent
amino acids inrBlo t 1 are hydrophilic, as predicted by the Kyte-
Doolittle algorithm (data not shown).

Discussion

The importance of Bt in triggering allergic responses has been
extensively described [10-13,15,31-32]. Many studies have
characterized and identified allergens from Dp, Df and Euro-
glyphus maynei (Em); in contrast, Bt allergens have been less
studied. To overcome this limitation, we report the identifica-
tion of a cDNA cysteine protease allergen denominated Blo t 1.
Blo t 1 was cloned, sequenced and expressed as a recombinant
protein. rBlo t 1 consists of 221 amino acids with an estimated
molecular mass of 25kDa, which is consistent with those de-
scribed for other cysteine proteases, including those of mite
origin. Gel analysis (data not shown) and Western blotting
(Fig. 3) confirm the estimated molecular weight.

rBlo t 1 shares 35% identity with three other mite cysteine
proteases previously characterized (Der p 1, Der f 1 and Eur m
1). There is about 50% degree of divergence in the primary
amino acid sequence of Blo t 1 when compared with its dust
mite counterparts, while Der p 1, Der f 1 and Eur m 1 cysteine
proteases maintain 85-86% similarity to each other [29]. Cyst-
eine protease active sites QGGCGSCW and WIVRNSWD
were conserved except for one amino acid change at position
189 (Thr for Asn). Other critical amino acid residues were all
conserved in rBlo t 1: GIx19, Gly23, Ser24, Cys25, His169,
Ser190 and Trpl91 (Fig. 2). Another important difference is
the presence of aspartic acid 168 (D168), which is critical for
enzymatic activity, while other mite-derived cysteine proteases
have a tyrosine at this position. Also, five out of seven cysteine
residues present in the mature protein of Der p 1, Der f 1 and
Eur m 1 were conserved in Blo t 1. The sixth cysteine of Blo t 1 is
residue #67, which can be found as part of an 8-residue stretch
that is unique to the Bt cysteine protease. Cysteine residue pairs
(Cys22-Cys70, and Cys56-Cys102) are likely to be involved in
disulphide bond formation as described for other cysteine pro-
teases [33, 34]. Because most of the cysteine proteases have an
odd number of these residues present, the contribution of Cys67
in the overall protein structure or functionality is currently
unclear. Taken together, sequence analyses indicate that
regions involved in secondary structure and enzymatic activity
are highly conserved among dust mite cysteine proteases,
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including Blo t 1, as would be expected for this important
physiological enzyme. The effects of the observed amino acid
substitutions (Thr189Asn and Asnl17Cys) on the enzymatic
activity and allergenicity of Blo t 1 require further investigation.

Despite being purified under denaturing conditions, rBlo t 1
was recognized by 13/21 (62%) of Bt skin test-positive patient
sera (Fig. 3), which suggests a possible role of this protein as a
major allergen and re-enforces the clinical importance of this
protein. Interestingly, Dp skin test-positive sera (Bt negative)
did not react with rBlo t 1, which suggests the presence of
unique IgE-binding epitopes on the rBlo t 1 molecule. A possible
explanation for this observation is the fact that Blomia is taxo-
nomically distant (Echymyopodidae) from Dermatophagoides
and Euroglyphus species (Pyroglyphidae). This is supported by
studies reporting a low level of cross-reactivity between Blomia
and Dermatophagoides [15, 35, 36]. Arruda et al. [11] found no
cross-reactivity between group 1 and group 2 allergens of Dp
and allergens from Bt and showed that only 30 to 36% of Bt
allergens may be shared with Dp. To date, only three Bt aller-
gens have been cloned: Blo t 5, a 310-bp partial clone, and Bt 6
(probably a fatty acid-binding protein) [28, 32, 37, 38]. rBlo t 5 is
43% similar to the Der p 5 allergen, but despite this high degree
of similarity, they only exhibit moderate allergenic cross-
reactivity [15]. Studies of atopic subjects in temperate regions,
who are likely to be exposed to Dp and not Bt, showed that the
reactivity to rBlo t 5 was much lower than to rDer p 5
[31, 35, 36]. The small percentage sequence homology between
Blo t 1 and the other three mite cysteine proteases also supports
the allergenic differences observed among mite species. Taken
together, these data demonstrates that Bt contains unique
epitopes with relatively low cross-reactivity with those of the
Pyroglyphidae family and that Echymyopodidae and Pyrogly-
phidae families are antigenically and allergenically different.

Cysteine proteases share similar sequences and three-
dimensional structures [39]. Analysis of the human cathepsin
L and porcine cathepsin H three-dimensional structures indi-
cate that despite a 50% divergence at the amino acid level it is
highly likely that Blo t 1 shares common secondary and tertiary
structure with other cysteine proteases, including those of mite
origin. With regard to specific IgE epitopes, it is interesting to
note that all IgE cross-reactions described so far have been
found to result from shared features at both primary and ter-
tiary protein structures [40]. While all cross-reactive proteins
have a similar fold, the reverse is not true: proteins with a similar
fold are not necessarily cross-reactive. More importantly, pro-
tein folding is liberal with respect to single amino acid substitu-
tion for many positions in the sequence. Such substitutions may
markedly affect the outer protein surface and thus reduce anti-
body reactivity. Similar protein folds are found with as little as
25% amino acid identity, whereas cross-reactivity is rare below
50% identity [40]. In most situations cross-reactivity requires
more than 70% identity. Because Blo t 1 has only 35% identity to
Der p 1, the absence of cross-reactivity from Dp positive serum
to Blo t 1 as shown by immunoblotting is not surprising based
on this partial identity.

Residents of tropical regions are continuously exposed to Bt,
Dp and other mite allergens. This explains the high level of
sensitization to these allergens among Puerto Ricans and the
high prevalence of asthma in this population. Our studies
resulted in the characterization of a novel cDNA that, based on
amino acid sequence homology, codes for a cysteine protease
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from Bt, denominated Blo t 1. rBlo t 1 expressed in E. coli
retains its allergenicity, despite being purified under denaturing
conditions. This recombinant product therefore constitutes an
important tool to study the mechanisms of allergy and for
diagnosing Bt exposures. As dust mite-derived cysteine prote-
ases have been shown to be important triggers of asthma
and other allergic disorders, cloning their genes is of utmost
importance for the generation of novel therapeutic strategies,
including modified recombinant vaccines and generation of
hypoallergenic variants by site-directed mutagenesis. These
studies will improve in vitro diagnostic immunoassays and will
help elucidate the mechanisms involved in mite-associated
allergic disorders.

Acknowledgements

This study was supported by research grants from RCMI-NIH
(2G12RR03050-16), NIH-MBRS (S06GM0839-15), MBRS-
SCORE (2-SO6-GM08224), and supported, in part, by award
R25GM61838-03 from the MBRS-RISE programme. We
thank Dr Richard Noel of the Ponce School of Medicine,
Ponce, PR, for advice concerning molecular biology techniques.
Sequencing and other molecular techniques were conducted at
the Molecular Biology Core Facility, PSM.

GenBank Accession Numbers: Blo t 1 (AAKS58415), Der p 1
(AAA28296), Der f 1 (P16311), Eur m 1 (P25780).

References

—_

Voorhorst R, Spicksma FM, Varekamp H. House Dust Atopy and
the House Dust Mite Dermatophagoides Pteronyssinus (Trouessart,
1897). Leiden: Stafleu’s Scientific Publishing, 1969.

Krilis S, Baldo BA, Sutton R, Basten A. Antigens and allergens from
the common house dust mite Dermatophagoides pteronyssinus.

Part I. Demonstration of multiple allergens by immunochemical and
biologic analyses. J Allergy Clin Immunol 1984; 74:132-41.

Arlian LG, Bernstein IL, Geis DP, Vyszenski-Mother DL,
Gallagher JS, Martin B. Investigations of culture medium-free
house dust mites III. Antigens and allergens of body and faecal
extract of Dermatophagoides farinae. J Allergy Clin Immunol 1987;
79:457-66.

4 Tovey ER, Baldo BA. Comparison by electroblotting of IgE-
binding components in extracts of house dust mite bodies and spent
mite culture. J Allergy Clin Immunol 1987; 79:93-102.

Chapman MD, Smith AM, Vailes LD, Arruda LK. Recombinant
mite allergens. Allergy 1997; 52:374-9.

Tovey ER, Chapman MD, Platts-Mills TAE. Mites faeces are a
major source of house dust allergen. Nature 1981; 289:592-3.
Gough L, Schulz O, Sewell HF, Shakib F. The cysteine protease
activity of the major dust mite allergen Der p 1 selectively enhances
the immunoglobulin E antibody response. J Exp Med 1999;
190:1897-901.

8 Wan H, Winton HL, Soeller C et al. Der p 1 facilitates transepithelial
allergen delivery by disruption of tight junctions. J Clin Invest 1999;
104:123-33.

Shulz O, Sewell HF, Shakib F. Proteolytic cleavage of CD25, the o
subunit of the human T cell interleukin 2 receptor, by Derp 1, a
major mite allergen with cysteine protease activity. J Exp Med 1998;
187:271-5.

10 Caraballo L, Puerta L, Cuadros G. Allergenic role of the mite
Blomia tropicalis in a Caribbean city of Colombia. J Allergy Clin
Immunol 1990; 85:248 (Abstract).

9]

w

w

=)}

~

=]



34 C. Mora et al.

11

12

14

15

16

17

18

19

20

2

—

22

23

24

25

Arruda LK, Rizzo MC, Chapman MD et al. Exposure and
sensitization to dust mite allergens among asthmatic children in Sao
Paulo, Brazil. Clin Exp Allergy 1991; 21:433-9.

Puerta L, Fernandez-Caldas E, Caraballo L, Lockey R.
Sensitization to Blomia tropicalis and Lepidoglyphus destructor in
Dermatophagoides species allergic individuals. J Allergy Clin
Immunol 1991; 88:943-50.

Montealegre F, Quifiones C, Michelén V et al. Prevalence of skin
reactions to aeroallergens in asthmatics of Puerto Rico, PR. Health
Sci J 1998; 16:359-67.

Lowenstein H. Detection systems. The different principles for
standardization of allergens. In: Kurt R, ed. Regulatory Control
and Standardization of Allergenic Extract. Arbeiten Aus Dem
Paul-Erlich-Institut. Band 82. Stuttgart: Gustav Fisher Verlag,
1998:113-6.

Chew FT, Yi FC, Chua KY et al. Allergenic differences between the
domestic mite Blomia tropicalis and Dermatophagoides
pteronyssinus. Clin Exp Allergy 1999; 29:982-8.

Arlian LG, Vyszenski-Moher D, Fernandez-Caldas E. Allergenicity
of the mite, Blomia tropicalis. J Allergy Clin Immunol 1993;
91:1042-50.

Kyte J, Doolittle RF. A simple method for displaying the
hydropathic character of a protein. J Mol Biol 1982; 157:105-32.
Stuber D, Matile H, Garotta G. System for high-level production in
Escherichia coli and rapid purification of recombinant proteins:
application to epitope mapping, preparation of antibodies, and
structure-function analysis. In: Lefkovits I, Pernis B, eds.
Immunological Methods, Vol. IV. New York: Academic Press,
1990:121-52.

Laemmli UK. Cleavage of structural proteins during the assembly
of the head of the bacteriophage T4. Nature 1970; 227:680-5.
Towbin H, Stachelin T, Gordon J. Electrophoretic transfer of
proteins from acrylamide gels to nitrocellulose sheets: procedure
and some applications. Proc Natl Acad Sci 1979; 76:4350-4.

Chou PY, Fasman GD. Conformational parameters for amino
acids in helical, beta-sheet, and random coil regions calculated from
proteins. Biochemistry 1974; 13:211-22.

Robson B, Suzuki E. Conformational properties of amino acid
residues in globular proteins. J Mol Biol 1976; 107:327-56.
Garnier J, Osguthorpe DJ, Robson B. Analysis of the accuracy and
implications of simple methods for predicting the secondary
structure of globular proteins. J Mol Biol 1978; 120:97-120.
Coulombe R, Grochulski P, Sivaraman J, Menard R, Mort JS,
Cygler M. Structure of human procathepsin L reveals the molecular
basis of inhibition by the prosegment. EMBO J 1996; 15:5492-303.
Guncar G, Podobnik M, Pungercar J, Strukelj B, Turk V, Turk D.
Crystal structure of porcine cathepsin H determined at 2.1

A resolution: location of the mini-chain c-terminal carboxyl group
defines cathepsin H aminopeptidase function. Structure 1998;
6:51-61.

26

27

28

29

30

3

—

32

33

34

35

36

37

38

39

40

Shindyalov IN, Bourne PE. A database and tools for 3-D protein
structure comparison and alignment using the Combinatorial
Extension (CE) algorithm. Nucl Acid Res 2001; 29:228-9.

Sayle RA, Milner-White EJ. RASMOL: biomolecular graphics for
all. Trends Biochem Sci 1995; 20:379.

Caraballo L, Avjioglu A, Marrugo J, Puerta L, Marsh D. Cloning
and expression of complementary DNA coding for an allergen with
common antibody-binding specificities with three allergens of the
house dust mite Blomia tropicalis. J Allergy Clin Immunol 1996;
98:573-9.

Dilworth RJ, Chua KY, Thomas WR. Sequence analysis of cDNA
coding for a major house dust mite allergen, Der f 1. Clin Exp
Allergy 1991; 21:25-32.

Caraballo L, Mercado D, Jiménez S, Moreno L, Puerta L, Chua
KY. Analysis of the cross-reactivity between BtM and Der p 5,
two group 5 recombinant allergens from Blomia tropicalis and
Dermatophagoides pteronyssinus. Int Arch Allergy Immunol 1998;
117:38-45.

Vailes LD, Rizzo MC, Naspitz CK. Analysis of the antibody
response to D. pteronyssinus and Blomia tropicalis using
recombinant Group 5 allergens. J Allergy Immunol 1996; 97:213
(Abstract).

Caraballo L, Puerta L, Jiménez S et al. Cloning and IgE binding of a
recombinant allergen from the mite Blomia tropicalis, homologous
with fatty acid-binding proteins. Int Arch Immunol 1997;
112:341-7.

Drenth J, Jansonius JM, Koekoek R, Wolthers BG. The structure of
papain. Adv Protein Chem 1971; 25:79-115.

Baker EN. Structure of actinidin, after refinement at 1.7

A resolution. J Mol Biol 1980; 141:441-84.

Smith A, Green R, Custovic A, Woodcock A, Chapman M. In vivo
cross-reactivity between Ige of Blomia and Dermatophagoides Spp
and to the recombinant group 5 allergens among mite sensitive
allergic patients in the UK. J Allergy Clin Immunol 1996; 97:420.
(Abstract).

Arruda LK, Vailes LD, Platts-Mills TAE. Sensitization to Blomia
tropicalis in patients with asthma and identification of the allergen
Blo t 5. Am J Respir Crit Care Med 1997; 155:343-50.

Arruda LK, Fernandez-Caldas E, Naspitz CK, Montealegre F,
Vailes LD, Chapman MD. Identification of Blomia tropicalis
allergen Blo t 5 by cDNA cloning. Int Arch Allergy Immunol 1995;
107:456-7.

Puerta L, Caraballo L, Fernandez-Caldas E. Nucleotide sequence
analysis of a complementary DNA coding for a Blomia tropicalis
allergen. J Allergy Clin Immunol 1996; 98:932-7.

Berti PJ, Storer AC. Alignment/phylogeny of the papain
superfamily of cysteine proteases. J Mol Biol 1995; 246:273-83.
Aalberse RC, Structural biology of allergens. J Allergy Clin
Immunol 2000; 106:228-38.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:28-34



