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Homology modeling and monoclonal antibody binding
of the Der f 7 dust mite allergen

Horng-Der Shen!?, Ming F Tam??, Chao-Hsien Huangs, Hong Choul, Hsiao-Yun Tail, Yu-Sen Chenl,

Sheh-Yi Sheu*® and Wayne R Thomas*®

The group 7 allergens are important allergenic specificities for mite-sensitive patients and may need to be incorporated into new
diagnostic and therapeutic strategies. However, little is known about their biological and structural features. Position-specific
iterative BLAST showed that they had strong ancestral homology to two related families of lipid-binding proteins, namely, the
bactericidal permeability-increasing (BPI) proteins and the odorant-binding protein. A three-dimensional model of Der f 7 made
with the Phyre and SWISS-MODEL homology-modeling servers showed a close match with the human BPI coordinates used for
its construction. The binding of the monoclonal antibody HD12 known to block IgE binding could be blocked by the linear
sequence (46GILDF50) with a critical role for L48 or F50. These hydrophobic residues were located on a surface loop of the
model. The properties of Der f 7 that can be deduced from the model provide avenues for further characterizing these allergens,
their IgE binding structures and biological properties that can enhance allergenicity.
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The house dust mites Dermatophagoides pteronyssinus and Dermato-
phagoides farinae are among the major causative agents of allergic
diseases, including asthma, rhinitis and atopic dermatitis. Characteriz-
ing the allergens from both mite species is important for developing
better prognostic tests and improving the treatment and understanding
the pathophysiological mechanisms of these prevalent human disorders.

As analyzed for D. pteronyssinus, the most important house dust
mite allergens are the group 1 cysteine protease and the group 2 ML-
domain lipid-binding allergens.! Both Der p 1 and Der p 2 react with
50-65% of the anti-D. pteronyssinus IgE antibodies.” The Der p 4
amylase, and the Der p 5 and Der p 7 allergens of unknown function
are the next most important allergens with each binding IgE in about
50% of allergic subjects. When present each binds to more than 10%
of the total mite-specific IgE antibody and collectively they account for
30% of the total anti-mite IgE antibody of all HDM allergic subjects.!?
Der p 21, which is a homolog of Der p 5, also binds at a similar level.?
From a quantitative perspective, most of the other allergens have low
IgE binding, although the high-molecular-weight allergens, consti-
tuted by the group 11 paramyosin, the group 14 large lipid transfer
protein, and group 15 and 17 chitinase-like allergens, need quantita-
tive analysis.> The quantitative importance of the IgE binding to
the group 1, 2, 4, 5 and 7 allergens is consistent with the results of

studies using recombinant allergens to absorb out IgE binding to two-
dimensional immunoblots of mite extract.*

Structural and functional studies of the group 1 and 2 allergens are
advanced and the group 4 allergens are typical o-amylases. More
information is required for the Der p 5 and the Der p 7 mite allergens.
There has been recent progress on the group 5 allergens. Weghofer
et al® localized Der p 5 to the secretory granules of the midgut
epithelial cells in house dust mites. In addition, Der p 5 shares about
40% amino-acid sequence identity with a group 5 allergen from the
mite Blomia tropicalis (Blo t 5).° The three-dimensional (3D) structure
of the major allergen Blo t 5 has been solved and it has a triple-helical
bundle fold.”? IgE and monoclonal antibody (MoAb) recognition of
Blo t 5 has also been characterized with nuclear magnetic resonance
spectroscopy.”?

We have characterized the Dermatophagoides group 7 allergens by
cDNA cloning.>!® The recombinant polypeptides have molecular
masses of about 22kDa by SDS polyacrylamide gel electrophoresis.
Owing to variable glycosylation, the natural allergens in mite extracts
have molecular masses of 26, 30 and 31kDa.!l12 Skin tests show
reactivity to Der p 7 in 53% of mite-allergic subjects;” however, until
now, little has been known about the biological and structural features
of the allergens. Cross-reactive and species-specific MoAbs against Der
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Table 1 Ancestral homology of group 7 allergens (psi-BLAST)

BLAST target Sequence category
(1) BPI (ca. 450 aa)f (2) OBPDA (ca. 450 aa) (3) OBPDA-L (ca. 220 aa)
Der f 7 Finch XP_002192464 9e-34 Wasp XP_001606118 1e-28° Tick XP_002408892 8e-36

Dog XP_542993 1le-32
Panda EFB14835 2e-31
Human NP_001716 3e-27
Catfish AAX20011 5e-27
Squirt XP_002127451 5e-23
Anemone XP_001629157 1e-20
Oyster ACQ72919 1le-14
Poplar XP_002298841 3e-09
Moss XP_001765050 2e-05
Acas 7 Human NP_001716 3e-32
Panda EFB14834.1 6e-31
Dog XP_542993 1le-29
Catfish AAX2001 7e-26
Squirt XP_002127451 5e-20
Anemone XP_001629157 4e-17
Oyster ACQ72918 4e-17
Poplar XP_002298841 8e-09
Moss XP_001765050 3e-05
Toad NP_001089628 2e-40
Human NP_001716 2e-40
Panda EFB14835 1e-39

Tick XP_002408892

Human FTP EAW75784b1e-40
Flounder ACV74252 3e-40
Panda EFB14835 5e-40
Finch XP_002192464 1le-39
Human NP_001716 2e-39

Aedes XP_001653919
C-terminal 251-445

Culex XP_001863022 1e-28°
Aedes XP_001654113 2e-28°
Bee XP_395658 2e-27°¢
Aphid XP_001948728 1e-25
Tick XP_002406449 2e-21

Wasp XP_001606118 3e-29
Culex XP_001863022 5e-28°
Aedes XP_001654113 7e-28°
Bee XP_395658 6e-27¢

Tick XP_002406449 4e-21

Anopheles XP_312626 2e-29°
Wasp XP_001606118 2e-28°
Beetle XP_972731 2e-27

Bee XP_395658 8e-27¢
Aedes XP_001653919 1le-33
Anopheles XP_312626 3e-33°
Aedes XP_001654113 4e-33°¢
Culex XP_001863022 6e-33°¢
Wasp XP_001606118 1e-29°¢
Bee XP_395658 2e-29°¢

Aedes XP_001663945 7e-34
Anopheles XP_562422 2e-33
Beetle XP_976417 3e-32

Anopheles XP_562422 7e-33
Aedes XP_001663945 7e-33
Tick XP_002408892 3e-32
Beetle XP_976417 3e-29

Beetle XP_976338 4e-30
Anopheles 562422 2e-29
Beetle EFA03852 7e-29
Beetle XP_976417 1e-27
Beetle EFA03852 3e-16
Beetle XP_976417 1le-17
Anopheles XP_562422 3e-16
Beetle XP_976338 1le-15
Beetle EFAO3853 1le-11

Tick XP_002434263 1e-09

Abbreviations: aa, amino acid; BPI, bactericidal permeability-increasing proteins; OBPDA, odorant-binding protein domain-associated sequence; OBPDA-L, odorant-binding protein domain-

associated sequence-like; psi-BLAST, position-specific iterative BLAST.

The accession numbers and accompanying expectation values are from the sixth iteration of a psi-BLAST. The significant matches belonged to three categories: (1) BPI proteins; (2) sequences that
contained an N-terminal odorant-binding protein domain (OBPDA); and (3) sequences that on BLAST showed matches to the C-terminal OBPDA sequences (OBPDA-L). The boxes show the three

most significant matches followed by sequences to illustrate the evolutionary diversity.
3All significant homologies for BPI sequences were to the N-terminal domain.
bPhospholipid transfer protein.

“The highly significant homology to the OBPDA sequences was found on the C-terminal (non-odorant-binding protein) domains, but for sequences marked with a ‘c’ there was weaker homology with

the N-terminal domain.

f 7 and Der p 7, which are useful tools for inhibition studies to map
IgE binding, have also been generated.!!13

Comparative protein homology modeling has been routinely
used in constructing 3D models of functionally unknown proteins.'*
This study demonstrates the ancestral homology of the group 7
allergens to the lipid-binding bactericidal permeability-increasing
(BPI) family of proteins and related molecules. It presents a 3D
model of the Der f 7 allergen constructed through homology modeling
using the coordinates generated by X-ray diffraction of a human BPI
(huBPI) protein as a template.> The binding of a Der f 7-specific
MoAb HD12 known to block IgE binding to Der f 7!2 was localized to
a surface loop-like structure.

RESULTS

Structural homology and modeling

Comparative modeling of Der f 7 with structures of proteins in the
protein database (PDB) showed the strongest homology to the
N-terminal domain of huBPI protein (PDB 1bplA). To further investi-
gate this relationship, position-specific iterative BLAST (psi-BLAST)
was performed with Der f 7 and with group 7 allergen sequences from
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different mite species. The first iteration with Der f 7 showed the
known identity among the different group 7 allergens and significant
similarity to similarly sized hypothetical open reading frames from
tick, beetle and mosquito species (OBPDA-L in Table 1). Further
iterations revealed high position-specific homology with N-terminal
domains of BPI proteins from a large number of species. As illustrated
for iteration 6 with Der f 7 (Table 1), the high similarity was found not
only with humans, birds and other mammals but also with highly
divergent species including plants. Interestingly although BPI homo-
logs from mollusks and other invertebrates were found, no such
sequences were observed for insects or ticks. Psi-BLAST with the
group 7 allergens from other species showed the same type of result, as
shown for Aca s 7 from the acaridae mite Acarus siro (Table 1). Acas 7
only has 23% sequence identity with Der f 7 in accord with the
sequence disparity between the acaridae and pyroglyphidae family
mites. Psi-BLAST with the tick homolog of Der f 7 (XP_002408892),
which has 22% identity, gave similar results (Table 1). The sequence
identity between Der f 7, Aca s 7 and tick (XP_002408892) is 12%.
All the significant homologies found with the BPI sequences in all
the searches were with the ca. 200 amino-acid N-terminal domain



Figure 1 (a) A ribbon diagram representing the fold of Der f 7 allergen. The
linear epitope #6GILDF50 and the two critical core amino-acid residues
(Leud8 and Phe50) recognized by MoAb HD12 are colored in yellow, green
and magenta, respectively. (b) An electrostatically charged surface
representation of a 3D model of Der f 7 allergen.

despite the fact that these molecules contain a structurally similar
C-terminal domain.

Besides BPI proteins, the other sequences that showed significant
homology with the group 7 allergens were two types of hypothetical
proteins found in insects and ticks. The largest type of these have been
called odorant-binding protein domain-associated sequences
(OBPDA) in Table 1 because they have a ca. 200 amino-acid domain
in their N-terminal (DUF 233) that is homologous to the insect
odorant-binding proteins (OBPs). The highly significant sequence
homology with the group 7 allergens was however with the associated
C-terminal (ca. 200 amino acid) domain. The N-terminal DUF233
domain also showed homology, but with over 10 orders of magnitude
less significance. The smaller type of homologs were about 250 amino
acids long and had homology to the OBPDA sequences, designated as
OBPDA-L. As illustrated by psi-BLAST with the tick (XP_002408892)
sequence, these homologs showed the same ancestral relationship with
BPI and OBPDA as the group 7 allergens (Table 1), although their
similarity to the DUF233 domain-containing proteins is apparent
from a simple BLAST (not shown). As will be discussed, the sequences
of the OBP domains share a very similar and distinctive structure with
BPI proteins.

Psi-BLAST with the C-terminal (OBPDA region) of Aedes
XP_001653919 (Table 1) showed the same results as the other analyses
except that strong homologies were also found to human (Human
FTP EAW75784) and other phospholipid transfer proteins, which are
similar to BPIs. In addition, not all the OBPDA-L proteins showed
homology including those with significant BLAST scores against
OBPDA proteins.

A 3D model of Der f 7 was constructed using the coordinates of
strongest PDB match, and highly significant ancestral homolog, huBPI
protein, (PDB 1bplA) as template (Figure la). huBPI has two similar
domains. The modeling was made with the N-terminal domain
because this had the strongest match. The structural elements show
a short a-helix, a five-stranded antiparallel B-sheet barrel and a long
helix closing a gap in the B-sheet (Figure 1a). These are very similar to
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Table 2 Sequences of synthetic overlapping peptides of Der f 7

Name Sequences

Df7-1 DPIHYDKITEEINKA
Df7-2 EINKAIDDAIAAIEQ
Df7-3 AAIEQSETIDPMKVP
Df7-4 PMKVPDHADKFERHV
Df7-5 FERHVGILDFKGELA
Df7-6 KGELAMRNIEARGLK
Df7-7 ARGLKQMKRQGDANV
Df7-8 GDANVKGEEGIVKAH
Df7-9 IVKAHLLIGVHDDIV
Df7-10 HDDIVSMEYDLAYKL
Df7-11 LAYKLGDLHPTTHVI
Df7-12 TTHVISDIQDFVVAL
Df7-13 FVVALSLEISDEGNI
Df7-14 DEGNITMTSFEVRQF
Df7-15 EVRQFANVVNHIGGL
Df7-16 HIGGLSILDPIFGVL
Df7-17 IFGVLSDVLTAIFQD
Df7-18 AIFQDTVRKEMTKVL
Df7-19 MTKVLAPAFKRELEK
Df7-20 RELEKN

the folds of the NH,-terminal domain of the BPI protein and the
model had a low, 1.21 A, root mean square deviation value.

Location of HD12 epitope

To locate the HD12 binding site, a series of overlapping synthetic
peptides spanning the Der f 7 sequence (Table 2) were used to block
the binding of HD12 to Der f 7 in a dot-blot inhibition assay. Only
peptide Df7-5 produced inhibition, essentially removing all detectable
binding to Der f 7 (Figure 2). The fungal control peptide did not
produce inhibition and nor did Der p 7. In addition, peptide Df7-5
did not inhibit the binding of Der f 7 to the anti-Der f 7 MoAbs, HD2
and HD4, and the anti-Der p 7 cross-reactive antibodies, WH9 and
HD19 (Figure 3). These antibodies have been shown not to inhibit the
binding of HD12.!1213 The binding to HD10, which does inhibit the
binding of HD12!'? was however inhibited, suggesting it may in fact be
identical to HD12. These results show that the inhibitory activity of
the Df7-5 peptides was highly specific for HD12 and the related or
identical HD10 MoAbs. As the overlapping Df7-4 and Df7-6 peptides
showed no inhibitory activity, it appears that nonoverlapping region
46GILDF? was important for the inhibition. In addition, given that
Der p 7 (U37044), which has the residues “6GITDL, does not react
with HD12,'2 Leu48 and/or Phe50 might be important. As expected
from this, the Der p 7 peptide equivalent to Df-5 did not inhibit
(DP7-5 in Figure 2) and the only substitutions in the overlapping
region were Leu48lIle and Phe50Leu.

DISCUSSION

After the initial search of the PDB showed the homology of Der f 7 to
huBPI protein, a wider search of sequences accessible from GenBank
was made by psi-BLAST. Strong ancestral homology, which is detected
by this method, extended across BPI-like proteins from a wide range
of species from mammals to plants. It could be equally shown with the
group 7 sequences of mite species from different families despite their
low (25%) identity. The results demonstrate that the high significance
was not due to a fortuitous alignment for Der f 7. The ancestral BPI
homology could also be demonstrated for tick and insect homologs of
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Figure 2 Immunodot blot inhibition of MoAb HD12-binding against rDer f 7 by overlapping synthetic peptides Df7-4, Df7-5 and Df7-6 as listed in Table 1.

Inhibitor MoAbs

(Df7-5)

HD2 HD4 HDI0O HDI2Z HDI9 WH9

+

Figure 3 Inhibitory activity of peptide Df7-5 to the binding of different
MoAbs to Der f 7. The results show that only the binding to HD12 and the
related!2 HD10 antibodies were inhibited.

the group 7 allergens. As will be discussed below, these have simila-
rities to OBPs and the odorant-binding domain, which share a similar
and highly distinctive structure with BPI proteins.

A 3D model of Der f 7 was constructed by comparative protein
homology modeling, using 1bplA as a template. The 1bplA depicts
the structure of huBPI protein, which is an antimicrobial protein of
456 residues.'>!° It is a boomerang-shaped molecule consisting of two
domains (residues 1-229 and residues 251-456) with the same fold
connected with a proline-rich region (residues 230-250).> Each
domain contains three structural elements, including a short o-
helix, a five-stranded antiparallel [-sheet barrel and a long helix
closing a gap in the B-sheet.! In addition, each domain also contains
an apolar binding pocket that may bind the acyl chains of lipid
molecules.!> However, the two domains display only 13% sequence
identity and have distinct functions.!»!® The N-terminal domain is
potently antibacterial and anti-endotoxin,'®-'® whereas the C-terminal
domain has been implicated in opsonization of Gram-negative bac-
teria.!®!° The approximate two-fold symmetry and bifunctional BPI
protein is a member of a structurally and functionally related family of
lipid-interactive proteins, including lipopolysaccharide-binding pro-
tein, cholesterol ester transfer protein and phospholipid transfer
protein.lS’ZO’21 The ancestral homologies found here, which encom-
passed BPIs across animals and plants, were all to the N-terminal and
not to the C-terminal domain as per the 3D model demonstrating a
specific structure. The amino-acid sequence identity between Der f 7
and huBPI is 21% (41 of 196 residues of Der f 7). It is not unusual for
structural analysis to show strong homology of proteins with low
sequence identity. Indeed, at least 119 pairs of proteins with <30%
sequence identity but with similar structure folds have been found.??

The structure shared by the two BPI domains defines a unique
superwrap fold in which the o-helix wrapped in a curved antiparallel
B-sheets.!® It is very similar to that found in OBP family, which
includes the receptor for insect juvenile hormone.?? The BPIs and
OBPs bind to lipid in a similar manner so the dual ancestral homology
of the group 7 allergens to the BPI and OBP sequences by psi-BLAST
is good evidence for the veracity of the model. It is of interest that
homologs with a similar size to BPI had a similar molecular organiza-
tion with two BPI-type domains, one of which was more closely
related to OBP domain and the other was closer to the BPI. This may
be related to the observation that despite being found across the
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animal and plant kingdoms, the extensive genome sequences of insects
and ticks have not identified sequences as BPIs. Der f 7 differs from
BPI in only having one BPI domain. Single-domain homologs were
identified here in insects and additionally the mammalian PLUNC or
parotid secretory molecules are single domain homologs.?*

There is considerable interest in possible properties of allergens
that could promote interactions with the pattern recognition receptors
of the innate immune system and thus enhance allergenicity.
The potential lipid-binding property of Der f 7, which is a very
common property found among major allergens,”> could have this
function, in accord with evidence showing that lipopolysaccharide
binding by the MD-2-like Der p 2 allergen can enhance its allergeni-
city.2® The model here shows that the apolar pocket required for the
lipid binding of BPI is conserved in Der f 7. The binding to lipid is also
known to induce conformational changes?® so that the allergen may
have a variable structure, although it is possible to completely absorb
out IgE reactivity to natural Der p 7 with recombinant Der p 7.

The antibody binding results provide evidence for a linear epitope
46GILDF*® with Leud8 and Phe50 as critical amino-acid residues for
the interaction between Der f 7 and the MoAb HDI12. The corre-
sponding amino acids on Der p 7, which does not react with HD12,
are Ile48 and Leu50, respectively. Thus, a slight difference in the side
chain structures of Leu and Ile has a large effect on antibody binding.
In addition, the aromatic ring of Phe50 may provide a hydrophobic
interaction of Der f 7 with MoAb HD12. According to the 3D model
of Der f 7, the Leud48 and Phe50 required for HD12 binding are,
despite being hydrophobic, located on the surface within a loop-like
structure. The surface location is expected from first principles and
from other monoclonal and IgE antibody-binding studies?’3° and
supports the authenticity of the 3D model. As a small study has shown
that HD12 can inhibit up to 26% of the IgE binding,'? the region may
be one of the sites for engineering a hypoallergen.

Antibodies bind to the surface of antigens by a diversity of side
chain interactions that differ even for antibodies that cast an almost
identical footprint on the antigen. The importance of the binding HD-
12 antibody is not to define the binding interactions to specific side
chains, but to provide a topographical marker for the study of IgE
anti-Der f 7 binding. Inhibition of IgE binding by MoAbs can define
regions of IgE binding, which can, in the case of the mite allergen
Der p 2, be spread about the surface,’! or for other allergens, such
as dominant birch and grass allergens, Bet v 1 and Phl p 1 are
concentrated in restricted areas.’>3> These inhibition studies can also
be conducted in a more direct format in which the allergen is
immobilized on a solid phase by a standard concentration of different
inhibitory MoAbs.>* To date, binding studies with anti-Der f 7 MoAbs
have shown four non-cross-inhibitory groups of antibodies all of
which can inhibit IgE binding.'>!*> As the binding site of only one
MoAb has been located, more extensive studies are required and these
will be worthwhile now that the epitypic regions can be placed on a
model for Der f 7. Antibody-binding studies with the classic lysozyme
system have shown that although steric hindrance and remote con-
formational changes can be produced by antibody binding, concurrent
binding by antibodies with close contact residues, <10A° apart,
readily occurs.>> One of the techniques that can be used to locate



antibody binding is the use of the MoAbs for biopanning of peptide
libraries to obtain mimotopes. The mimotopes not only have potential
for vaccination but their sequence and the allergen structure can be
used in algorithms to define the surface determinants that they
represent.*® Other studies have located the regions of MoAb binding
by X-ray crystallography of the antibody-allergen complex,*3
although crystals cannot be produced for all complexes and it is an
elaborate procedure.

In conclusion, a 3D model showing potential lipid-binding activity
of Der f 7 was constructed by protein homology modeling. A linear
epitope with surface-exposed hydrophobic side chains as critical core
residues was bound by the MoAb HD12. Following the submission of
this paper, an X-ray crystallographic structure of Der p 7 fused to
maltose-binding protein was presented.’® It had the BPI-like structure
modeled here for unfused Der f 7. Modeling of Der f 7 on the
coordinates of the Der p 7 maltose-binding protein fusion construct
(PDB code 3H4Z) revealed a very similar structure to the model
constructed here with a root mean square deviation value of 2.29 A,
indicative of a very reliable fit. Leu48 and Phe50 in the HD12 epitope
remained as surface exposed residues on the loop as shown for the
model in Figure 1. The biological activity that can be inferred from
these structures points to possible interactions with the innate
immune system that can enhance its allergenicity.

METHODS

Der f 7 constructs

The cDNA used was derived from the clone reported by Shen et al.'? (accession
number of $80655). It was noted that it had an apparent mutation of 42ttg!44
instead of *2gtg!** and encoded a polypeptide with Leu 48 instead of Val48.
When site-directed mutagenesis was used to restore the Val48, the recombinant
polypeptide no longer reacted with the MoAb HD12 prepared by immunizing
mice with recombinant Der f 7 expressed from the clone.!> The MoAb also
reacts with natural Der f 7 in two-dimensional blot analysis,!? and so it was
concluded that the original assignment was a sequencing error. The sequence of
the cDNA used is accordingly the same as that described by others (ACK76298)
with Leu48.

Peptide synthesis and immunodot blot inhibition

Twenty overlapping peptides covering the complete sequence of the mature Der
f 7 were custom synthesized (Genemed Synthesis Inc, San Antonio, TX, USA)
(Table 2). The synthetic peptides were 15 amino acids long and offset by 5
amino acids. Immunoreactivity of the peptides with MoAb HDI12 was
determined by immunodot blot inhibition assay. Briefly, 1 g of rDer f 7 was
dotted onto nitrocellulose membranes (0.2 um, Bio-Rad Laboratories, Her-
cules, CA, USA) using a Bio-Dot microfiltration apparatus (Bio-Rad) according
to the manufacturer’s instructions. The membrane was blocked with 2%
skimmed milk. For inhibition assays, the hybridoma culture supernatant
containing MoAb HD12 was preincubated individually, at room temperature
for 2.5h, with individual or various combinations of synthetic peptides (50 pg
of each peptide) before immunodot blot analysis. These pretreated MoAb
HDI12 supernatants were then incubated individually, at room temperature for
1h, with nitrocellulose membranes dotted with rDer f 7. HDI2 reactivity
against rDer f 7 was detected with horseradish peroxidase-labeled goat anti-
mouse IgG (H+L) (Jackson ImmunoResearch Laboratories, Inc, West Grove,
PA, USA) and developed with enzyme substrates as previously described.!! As a
control, the HD12 hybridoma culture supernatant was preincubated with 50 pg
of a synthetic peptide covering the N-terminal amino-acid sequence of the
mature Asp fl 13 allergen (NCGLTTQKSAPWGLGSISHKGC) before dot-blot
immunoassay. Each experimental condition was performed in triplicate and
repeated at least three different times.

Comparative protein homology modeling of Der f 7
Comparative protein homology modeling!'* was performed to construct a 3D
model for Der f 7. To search for the homology templates, a database search
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using the Phyre server (http://www.sbg.bio.ic.ac.uk/phyre/html/index.html)*’
was performed to identify which proteins of known structures were related to
the Der f 7 sequence. A structure-based sequence alignment of the sequences
from the templates and the Der f 7 was carried out. Subsequently, a homology
model of Der f 7 was generated using the SWISS-MODEL (Expasy proteomics
server) according to the sequence alignment result of the Phyre program. The
model structure was optimized by 500 steps of conjugate gradients and
molecular dynamics with simulated annealing to optimize the spatial restraints.
The PROCHECK program*"#? was then used to access the stereochemical
quality of the model. Model building and molecular visualization was carried
out using VMD software (VMD 1.8.6, http://www.ks.uiuc.edu/Research/vimd/).
The accuracy was estimated by the root mean square deviation.

Psi-BLAST** was performed with BLOSUM62 matrix against NCBI non-
redundant sequences (nr) (http://www.ncbi.nlm.nih.gov) without Drosophila
sp. sequences (although similar results were obtained when these were
retained). All BLAST results were screened with a significance threshold of
0.005 and all matching sequences were used for further iterations.
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