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Background: Sequence diversity is a common feature of mite
allergens. Previous studies, using predominantly commercial
mite clones, have described several polymorphic residues for
Der p 1 and Der p 2.

Objective: This study aimed at determining the occurrence of
sequence diversity in environmental mite isolates.

Methods: Mites were isolated from houses in Perth and Syd-
ney, Australia. Total RNA was extracted from 1 to 30 Perth
mites, and cDNA was synthesized by reverse transcriptase
PCR. Der p 1 and Der p 2 cDNAs were PCR amplified and
sequenced. Genomic Der p 1 DNA was amplified from whole
Sydney mites directly by PCR and then sequenced.

Results: Twelve Der p 1 and 9 Der p 2 cDNA clones and 3 Der
p 1 genomic DNA were analyzed and showed a high frequency
of amino acid polymorphisms. Der p 2 displayed a clear pat-
tern of divergence toward 2 alleles that differed by 4 amino
acids and had characteristic silent nucleotide changes. The
pattern for Der p 1 was different and unusual, with almost no
silent nucleotide substitutions but frequent sporadic missense
changes. Proliferative responses of peripheral blood mononu-
clear cells to peptides containing polymorphic residues of Der
p 1 were detected in 8 of 19 subjects, with stimulation being
found only for either one of the variant forms of the peptides.
However, the responses to variants of whole recombinant aller-
gens were similar, as shown for 4 variants of Der p 2.
Conclusion: Two clones for each of the allergens were identified
as containing sequences that were largely representative of envi-
ronmental isolates. A small-scale reverse transcriptase PCR used
to produce cDNA from individual mites isolated from house dust
will have wide application for studies on mite genetics and the
production of recombinant mite allergens. Differences in T-cell
responses to peptides representing variant epitopes were found,
but responses to variants of whole recombinant allergens were
similar. The GenBank and Swiss Prot database entries for Der p
1 (U11695) and Der p 2 (P49278) have been updated with the
inclusion of the sequence polymorphisms described in this study.
(J Allergy Clin Immunol 2001;107:985-92.)
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The group 1 and 2 allergens of Dermatophagoides
pteronyssinus and Dermatophagoides farinae house dust
mites have been well characterized with cDNA synthe-
sized from RNA isolated from a commercial source of
mites (CSL Ltd, Melbourne, Australia). The commercial
mites used to make these cDNA libraries had been kept
in colonies isolated from the environment for approxi-
mately 30 years. It is important to consider therefore that
the allergens synthesized by these mites may differ from
the allergens produced by the “wild” mites that are found
in the soft furnishings and carpets of homes and that ini-
tiate sensitization.

Amino acid sequence diversity of individual allergens
from a variety of sources has been described for plant
allergens in particular!-# but also for some house dust
mite and mammalian allergens.> Diversity arises either as
a result of multigene families, as is often the case with
plant allergens, in which the greatest degree of sequence
divergence is observed, or from allelic polymorphisms.
Work published by our group and others, using mites cul-
tured for commercial extracts, has shown that intraspecies
sequence variation is a common feature of the group 1
and group 2 allergens.5-10 The genes are present as single
loci, so the polymorphisms are due to allelic variations.
The polymorphisms occur frequently, with almost every
Der p 1 and Der p 2 clone sequenced differing by between
1 and 4 residues, but because of limited information, no
pattern of diversity could be inferred.6:7

The occurrence and effects of allergen diversity need to
be considered in the development of more appropriate
allergen extracts and for new immunotherapeutic strate-
gies such as the use of peptides or DNA vaccines. This
study describes the sequence polymorphisms of the major
group 1 and 2 allergens produced by environmental mites
and shows that T cells can respond differently to peptides
containing the different amino acid substitutions. Apart
from one frequent substitution, Der p 1 exhibited sporadic
amino acid changes in the absence of silent mutations,
whereas Der p 2 had a pattern of sequence divergence,
with both silent and missense changes.

METHODS
Materials

D pteronyssinus mites were collected in Perth, Western Aus-
tralia, and by Dr Euan Tovey from Sydney. They were collected by
vacuuming carpet or soft furnishings for 2 to 3 minutes with filter
paper in a filter apparatus attached to the head of a vacuum cleaner
pipe. The dust collected in the filter from the Perth houses was
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TABLE I. Der p 2 environmental and commercial nucleotide polymorphisms

Der p 2 polymorphisms Clones containing polymorphisms

Nucleotide AA Reference (Der p 2.0101) Polymorphic Environmental CSL CSL genomic

residue No. residue No. (triplet/AA) (triplet/AA) cDNA cDNA DNA
117 39%* GCC/Ala GCT/Ala 2 3 a,b,d
118/120 40 GTT/Val TTA/Leu 2 3 a,b,d
132 44%* AAC/Asn AAT/Asn 2 3 a,b,d
139 47 ACA/Thr TCA/Ser 2,3,4,5 2,3 a,b,d
147 49%* ACG/Thr ACA/Thr 2 3 a,b
147 49%* ACG/Thr ACC/Thr 1, 3-8 2 c,d
168 56* GCC/Ala GCT/Ala 2,3,4,5 2,3 a,b,d
183 61* TTA/Leu TTG/Leu — 3 —
225 75% TAC/Tyr TAT/Tyr 2,3,4,5 2,3 a,b,c,d
234 78%* TGC/Cys TGT/Cys 2,3,4,5 2,3 a,b,d
243 81* GTT/Val GTC/Val 6 —
285 95%* CCG/Pro CCA/Pro 2 2,3 a, d
292 98 GCA/Ala ACA/Thr 1 —* —
324 108* GTT/Val GTC/Val 2,3,4,5,6 b
331 111 ATG/Met TTG/Leu 2 — a
340 114 GAT/Asp AAT/Asn 2 2,3 a
347 116 GTT/Val GCT/Ala 5 —
354 118%* GCC/Ala GCT/Ala — 3 —
379 127 ATC/lle CTC/Leu — 2 —

The nucleotide and corresponding amino acid numbering is based on the numbering for the reference sequence encoding the Der p 2.0101 mature protein!8
(GenBank accession No. P49278). Environmental clones 1 and 8, clones 2 and 9, clones 3 and 6, and clones 4, 5, and 7 were each isolated from the same
houses. The CSL ¢cDNA and genomic DNA clones were described previously by Chua et al.”

AA, Amino acid.

*Silent substitutions.

placed in a mesh container secured at the top of a funnel; a 1.5-mL
Eppendorf was placed at the base of the funnel and used to collect
the mites after exposure of the dust to light and heat from a 60-W
lamp for a period of 30 minutes. The mites collected from the Syd-
ney houses were cultured, dried, and stored at 4°C.

Amplification of genomic DNA from wild
mites

Five to 8 mites were placed in each 0.2-mL PCR tube, with 50
UL of PCR master mix prepared as outlined by the manufacturer’s
specifications with Pfu polymerase (Promega Corp, Sydney, Aus-
tralia). The thermocycler protocol used was as follows: 98°C, 10
minutes; [98°C, 30 seconds; 37°C, 30 seconds; 72°C, 1 minute] X 5
cycles; [98°C, 30 seconds; 50°C to 60°C, 30 seconds; and 72°C, 1
minute] X 35 cycles.

Reverse transcriptase PCR of total RNA
isolated from wild mites

Total RNA was extracted from between 1 and 30 mites with an
Ambion Totally RNA kit (Ambion Inc, Austin, Tex). The total RNA
was prepared as outlined by the manufacturers with the following
exceptions: (1) the mites were homogenized for two 30-second
cycles with an Eppendorf minihomogenizer and pestle, using
between 25 pL (1-10 mites) and 50 puL (10-50 mites) of denaturing
solution; and (2) after precipitation with isopropanol and washing
with 70% ethanol, the total RNA pellet was air-dried for 5 minutes
and resuspended in 10 uL of diethyl pyrocarbonate water. The 10-uL
sample of total RNA was used for the oligo dT—primed first cDNA
synthesis using Thermoscript reverse transcriptase (GIBCO Life
Technologies, Melbourne, Australia) with the second strand synthe-
sized by use of Pfu polymerase and the following gene-specific
oligonucleotide primers: Der p 1F, 5-CTGGATCCCGTCCAT-

CATCGATCAAA-3"; Der p IR, 5-CTGGATCCTTTAGAGAAT-
GACAACATATGGAT; Der p 2F, 5"-GCGGATCCTGATCAAGTC-
GATGTCA-3"; and Der p 2R, 5-TGGGATCCTTGTTTGATT-
TAATCGC-3".

The PCR fragments were BamHI digested and cloned into
BamHI-digested pUC18 for sequencing. Sequencing was per-
formed with an ABISO sequencer (Perkin-Elmer Applied Biosys-
tems, Melbourne, Australia) and the data analyzed using MAC Vec-
tor version 6.5.1 (Oxford Molecular Group, Towson, Md).

T-cell responses

The T-cell responses were measured as described previously.!!
In brief, PBMCs from 28 subjects (15 mite allergic and 13 nonal-
lergic as determined by RAST) were stimulated with a set of 19-mer
peptides progressing across Der p 1 by 5 residues to incorporate a
14-residue overlap. Peptides that contained positions 50, 124, and
136 were synthesized with both of the allelic polymorphisms. Pro-
liferation was measured by thymidine incorporation assay. For 7 of
the subjects, 41 peptides spanning the entire sequence were exam-
ined; for logistical reasons the remaining 21 subjects were stimulat-
ed with 30 peptides shown in a previous study to be stimulatory. For
Der p 2, 21 subjects (allergic and nonallergic) were stimulated with
30 pug/mL of recombinant variants produced in Escherichia coli and
purified as described by Mueller et al.12 The dose was determined
to be optimal in pilot experiments.

RESULTS
Wild mite reverse transcriptase PCR

The first batch of mites to be amplified were the dried
mite cultures from Sydney. For the remaining mites, a
reverse transcriptase PCR method was used. RNA was
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FIG 1. Alignment of Der p 2 environmental and commercial sequence polymorphisms. Numbers at the top
represent amino acid numbering based on the reference sequence Der p 2.0101.'8 The polymorphic
residues are highlighted in red. The CSL cDNA and genomic DNA clones were described previously by Chua
et al.” The correct nomenclature has been applied to the corresponding clones as indicated, with the origi-

nal numbering in parentheses.

successfully extracted from every sample of mites, even
when only a single mite was used as starting material.
The RNA extracted from a single mite was sufficient for
the synthesis of good yields of first-strand cDNA with
gene-specific primers.

Der p 2 wild mite cDNA sequences

Nine Der p 2 cDNAs were isolated from the Perth wild
mites. The sequences revealed 16 nucleotide changes in
15 positions, 6 of which resulted in an amino acid substi-
tution. Table I shows the polymorphisms detected in this
and other studies, both commercial and environmental.
Only 1 of 9 sequences (clone 9) was identical to the pub-
lished Der p 2.0101 nucleotide sequence from the com-
mercial (CSL Ltd) mites. However, the sequences from
clones 7 and 8 differed by only a single silent substitution
at nucleotide 147, and clone 6 had an identical amino acid
sequence but with 2 more silent changes at nucleotides
243 and 324. Each of these clones (6, 7, 8, and 9) came
from a different house. Clone 1 had only a single
nucleotide difference that resulted in a conservative ala-
nine-to-threonine substitution at amino acid position 98.
Clones 3 and 4 were isolated from different houses and
were identical to each other, with several nucleotide
changes resulting in silent changes (as described below)
but with only a single amino acid substitution at amino
acid position 47 of a threonine-to-serine residue.

The most consistent variation that resulted in an amino
acid change was in the codon for amino acid residue 47,
which encoded a serine in half of all the Der p 2
sequences and a threonine in the other half (Fig 1). The
clones that contained a threonine at this position were the
Der p 2.0101-like sequences described above and com-
prised the most common single sequence found. Those

clones that contained a serine at this position
(Perth clones 2, 3, 4, and 5) showed a distinctive and relat-
ed pattern of nucleotide variation. All had silent substitu-
tions at nucleotides 168, 225, 234, and 324, indicative of
a common sequence divergence. As shown for compari-
son in Table I, these silent changes were also found in pre-
viously published commercial (CSL Ltd) cDNA and envi-
ronmental genomic DNA sequences from Sydney and
Taipei, but again only in clones that contained a serine at
position 47. This divergent sequence is thus widespread.
Five of 9 of the serine 47 clones also showed characteris-
tic changes resulting in amino acid substitutions at either
1 or several of the following residues: 40 (Val to Leu), 111
(Met to Leu), and 114 (Asp to Asn). In particular, Perth
clone 2, genomic clone 1 (from Taipei), and CSL cDNA
clone 3 contained all 4 substitutions.

In addition to the 4 amino acid polymorphisms above,
changes at positions 98 Ala/Thr and 116 Val/Ala were
found, but only in single clones. With respect to amino
acid similarity grouping, most of these changes are con-
servative except the Asp/Gln substitution at position 114
and the rare Val/Ala change at position 116. The poly-
morphism described previously for residue 127 (in 1
commercial sequence) was not found in the Perth cDNA.

Der p 1 wild mite cDNA sequences

The 12 nucleotide sequences of Der p 1 cDNA from
the Perth wild mites showed considerably less variation
than the Der p 2 sequences (Table II). Of the 12
nucleotide substitutions found in the clones, 8 were
restricted to a single clone; 3 were found in 2, 3, and 6
clones, respectively; and a single change at residue 491
was found in all 12 clones sequenced. None of the sub-
stitutions occurred together in a way that would suggest
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TABLE Il. Der p 1 environmental and commercial nucleotide polymorphisms

Der p 1 polymorphisms

Clones containing polymorphisms

Nucleotide AA Reference (Der p 1.0101) Polymorphic Environmental CSL Sydney genomic UK genomic

residue No. residue No. (triplet/AA) (triplet/AA) cDNA cDNA DNA DNA
298 -16%* GCA/Ala GCT/Ala 3 — ND ND
398 19 ATG/Met TTG/Leu 2 — — —
404 21 ACT/Thr CCT/Pro 5 — — —
505 44 GAA/Glu GAC/Asp 6 — — —
491 50 CAC/His TAC/Tyr All c,d 1,2,3 1
553 70* GGT/Gly GGC/Gly 9, 10 — — —
584 81 GAA/Glu AAA/Lys — d — —
714 124 GTA/Val GCA/Ala 3,4,5,6,7,9 a, e 3 1
714/715 124 GTA/Val GCC/Ala 11 c, d 1,2 —
717 125 AAC/Asn AGC/Ser 7 — — —
728 129 GAA/Glu AAA/Lys 8 — — —
749 136 AGC/Ser ACC/Thr — e 3 —
757 138 ATT/le ATG/Met 8 — — —_
790 149* GCA/Ala GCT/Ala 1,4, 10 a,c,d, e — —
825 161 CGC/Arg CAC/His — — 1 —
986 215 GAA/Glu AAA/Lys 7,8 — — —
986 215 GAA/Glu CAA/GIn e — —

The nucleotide and corresponding amino acid numbering is based on the numbering for the full-length reference sequence of Der p 1.0101 (GenBank acces-
sion No. U11695).13 Environmental clones 1, 2, 3, and 10; clones 4, 5, and 9; and clones 6 and 7 were each isolated from the same houses. Clones 8 and 11
were isolated from 2 additional houses. The CSL cDNA was described previously by Chua et al,b and the UK genomic clone was by Kent et al!0 (revised

sequence, accession No. X65197).
AA, Amino acid; ND, not determined.
*Silent substitutions.

a common pattern of inheritance. The substitution found
in 6 of 12 clones at nucleotide 714 produced a change of
amino acid from valine to alanine. Apart from this
change, 7 of the Perth clones encoded an identical amino
acid sequence, and 3 differed by 1 further residue unique
to each clone. Clone 8 had 3 additional amino acid sub-
stitutions, and clone 7 had 2. Although compared with
Der p 2 the clones had fewer nucleotide variations, most
of the changes that did occur resulted in amino acid sub-
stitutions. Of the 11 nucleotide substitutions within the
coding region of the mature protein, only 2 were silent.
Of the 9 missense changes, 4 of the substitutions at
residues 21, 125, 129, and 215, were nonconservative.

The substitutions found in the previously published
CSL sequences are shown in Fig 2 for comparison. Except
for the 124 Val/Ala exchange, the substitutions found in
the wild Perth mites were not found in the CSL mites, and
the CSL mites contained substitutions at positions 50 and
136 that were not found in the Perth sequences. A non-
conservative change in residue 215 in both populations
was found, but it was Glu to Gln in the CSL mites and Glu
to Lys in the Perth mites. The exchange of Tyr and His at
position 50 in the commercial mites is noteworthy because
the sequence of Der p 1 that was first described contained
His50,13 but all environmental sequences contain Tyr50.
As with the Perth sequences and noted in Chua et al,® most
of the nucleotide substitutions in the CSL mites produced
amino acid changes.

Der p 1 wild mite genomic DNA

Data on the genomic sequence from 3 mites from Syd-
ney were obtained and are included in Table II and Fig 2

along with information from a sequence published for a
mite cultured in England. These sequences all contain the
Tyr50 and the 124 Ala/Val variation described for the
Perth and CSL mites, with no silent changes. Two addi-
tional changes that resulted in conservative amino acid
changes were found at positions 136 and 161, the change
at position 136 also being found in a CSL sequence.

T-cell responses to Der p 1 peptide epitopes
containing frequent polymorphisms

The responses of PBMCs to peptides of Der p 1 that
incorporated both the frequent His/Tyr50 substitution
found in all environmental sequences and the Ala/Vall124
substitution that was found to be equally distributed in
the sequences were investigated. The less frequent
exchanges of Ser/Thr at position 136 and Glu/Gln at
position 215 were also examined. PBMCs from 15 mite-
allergic donors and 13 nonallergic donors were tested. As
shown in other studies,!!-14 no differences in the magni-
tude of responses of PBMCs from allergic and nonaller-
gic subjects were evident.

The PBMC:s of 19 of 28 (68%) subjects responded to
at least 1 peptide. Of the 19 responders, 8 were stimulat-
ed by peptides that included amino acid positions 50,
124, and 136 (Table III), and 4 of these did not respond
to any other peptides tested. Five of these subjects
responded to peptide 110-128, and all of them had sig-
nificant responses to only a single form of the peptide, 3
with valine and 2 with alanine. Two subjects responded
to peptide 45-63 but only when the peptide contained a
tyrosine at residue 50. One subject only responded to
peptide 130-148 in the form containing the minor Thr136
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FIG 2. Alignment of Der p 1 environmental and commercial sequence polymorphisms. The numbers at the
top represent amino acid numbering based on the reference sequence Der p 1.0101 (accession No.
U11695).13 The polymorphic residues are highlighted in red. The CSL cDNA was described previously by
Chua et al,6 and the UK genomic clone was described by Kent et al'® (revised sequence, accession No.
X65197). The correct nomenclature has been applied to the corresponding clones as indicated, with the

original numbering system in parentheses.

variant. The sizes of the stimulation indices (3.3-8.1)
were similar to those found for peptides without poly-
morphisms, with the exception of subject X, who had
stimulation indices of 17 and 58 for 2 peptides that did
not contain polymorphisms. None of the subjects
responded to both forms of the peptides. Only 2 of 7 sub-
jects (subjects K and L) who were tested with the full
range of 41 peptides responded to a peptide that con-
tained a polymorphism, with 1 of these subjects (subject
L) responding to a single peptide only, namely the poly-
morphic peptide 110-128V. The responses of 3 of 21 of
the remaining subjects (subjects O, Q, and Y) were con-
fined to the polymorphic peptides, 45-63Y, 110-128A,
and 136-148T; however, only 30 of the 41 peptides that
span the Der p 1 sequence were tested for this group.

T-cell responses to variants of Der p 2

Der p 2 contains the highest density of polymorphic
residues and can readily be produced in E coli. Recom-
binant proteins representing 4 of the variants—Der p
2.0101, 2.0104, 2.0107, and 2.0108—were produced,
and their ability to stimulate PBMCs in in vitro prolifer-
ation assays was measured in 21 subjects (Fig 3). The
alignment of the stimulation indices against the reference
of Der p 2.0101 shows there was little variation in
responses to the different polymorphisms. One subject
did respond to Der p 2.0107 with a higher stimulation
index than the other variants, but the response to the
other variants was already high. The correlation coeffi-
cients were 0.94, 0.73, and 0.89 for the comparison of
Der p 2.0101 with Der p 2.0104, 2.0107, and 2.0108. The
Der p 2.0104 molecule with the highest sequence diver-
gence had the best correlation.

TABLE lll. Proliferative responses of PBMC to peptides of
Der p 1 containing polymorphic residues

Subject 50 H/Y 124A/V  136S/T  215E/Q  Other
K* — 110128V — —  105-123
(3.3) 6.9)
L — 110128V — — —
5.1
0 45-63Y — —  200218Q —
8.1) (3.9
Q* 45-63Y — — — —
(4.0)
T* — 1101284  — —  105-123
(34) 3.1
U —  110-128V — —  105-123
3.7 (7.8)
X — — 130-148T  —  105-123
(3.4) (58.2),
80-98
17.7)
Y —  110-1284  — — —
4.2)

This table shows the peptides used in the assay and the stimulation indices
of these peptides only for responses with stimulation indices greater than 3
and a significance level of P < 0.05 by the Student 7 test. Only 8 of the 28
subjects responding to peptides that contain polymorphisms are shown.
Donors K and L were stimulated with all 41 peptides that span the entire
molecule, whereas donors O, Q, T, U, X, and Y were stimulated with 30
peptides that had been found to be stimulatory on previous occasions.
*Subject with mite allergy.

DISCUSSION

Der p 1 and Der p 2 are major allergic specificities and
targets for new immunotherapeutic strategies such as the
injection of peptides, modified allergens, or DNA vac-
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FIG 3. Proliferative responses of PBMCs to polymorphic variants of Der p 2. PBMCs from 21 subjects were
stimulated with recombinant variants of Der p 2.0101, 2.0104, 2.0107, and 2.0108. The mean stimulation
indices of the responses of each individual to Der p 2.0104, 2.0107, and 2.0108 are shown plotted against
their response to Der p 2.0101 as a reference. The correlation coefficients versus Der p 2.0101 were 0.94,
0.73, and 0.89, respectively, for 2.0104, 2.0107, and 2.0108.

cines. cDNA has provided the information to pursue these
objectives but has also revealed that they exhibit a high fre-
quency of allelic polymorphism. This study examined
which variants found in the environment could best repre-
sent the spectrum of polymorphic proteins that induce sen-
sitization. It was found that although the sequences of
cDNA clones from wild mites did vary, the variation was
within a defined pattern that can be represented by 1 or 2
sequences already determined from mite cultures main-
tained in commercial production. The pattern of genetic
variation determined for Der p 1 and Der p 2 was different.

The sequences of the Der p 1 cDNA clones frequently
contained nucleotide substitutions that result in amino
acid substitutions. The nucleotide sequences showed far
less variation than the Der p 2 sequences, with most
changes resulting in a missense substitution and only a
few silent substitutions. This was previously noted for
the sequences from the commercial CSL cultures. The
substitutions are unlikely to be artifacts of the cloning
because the same substitutions were found in indepen-
dent cDNA preparations (eg, amino acid 215 in clones 7
and 8 and amino acid 136 in the CSL and Sydney
sequences). Moreover, 8 clones of Der p 4 and Der p 5,
both environmental and commercial, and the Der p 2
clones described in this study were all examined with the

same techniques and have not shown this kind of varia-
tion. All but 2 of the substitutions in Der p 1 were only
found in 1 or 2 of the 20 sequences presented here. The
first exception was at position 124, which had an equal
distribution of sequences encoding either an alanine or a
valine. Because the changes at other positions were rare,
the variants designated Der p 1.0102 and Der p 1.0105,
differing by a single valine/alanine exchange, would be
highly representative of the dominant sequences. The
second exception is at residue 50, involving a
histidine/tyrosine substitution. It should be noted that the
first published sequence of Der p 1.0101 from a CSL
commercial culture differs from all environmental iso-
lates in that it has a histidine substitution at position 50,
whereas all the environmental isolates have a tyrosine.!3
The only other sequence with the histidine at residue 50
was another cDNA from the commercial mites.

The group 1 molecules, which have 2 globular
domains, show 82% identity between the species, with
50% of the amino acid substitutions being nonconserva-
tive. The divergence between Der f 1 and Der p 1 is found
predominantly in regions 1-20, 201-222, and 91-130.6
The allelic polymorphisms are spread throughout the
structure of the Der p 1. According to the model of
Topham, as described by Robinson et al,!5 only the rare
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substitutions at positions 136 and 138 are in solvent-
inaccessible positions and are therefore likely to affect
structure. However, even conservative changes of key
determinants of stability or activity can have severe
structural or phenotypical effects.1® The high frequency
of missense substitutions suggests that some Der p 1 sub-
stitutions can confer a selective advantage, but they can-
not be maintained in the absence of the normal enzyme
activity. For example, a change in protein cleavage speci-
ficity may help the processing of food, but only if the
original enzyme function is also preserved. Der p 1 has
been shown to have a mixed serine and cysteine protease
specificity, so it would be interesting to examine the
specificity of these polymorphic proteins.!?

Der p 2 polymorphisms were essentially limited to 4
previously described amino acid substitutions, with the
pattern of substitution highlighting an evolutionary diver-
gence of 2 sequences. The most abundant sequence was
the first described, Der p 2.0101.18 It was found in 4 of 9
sequences determined from the Perth environmental mites.
An additional 3 sequences differed by only a single amino
acid substitution. Several Der p 2 clones, including those
from the Perth mites and mites from other environmental
and commercial sources, showed a distinct evolution
toward a second sequence represented by Der p 2.0104.
Der p 2.0104 has 4 amino acid substitutions (LSLN at
positions 40, 47, 111, and 117) when compared with Der
p 2.0101. All but 3 of the amino acid polymorphisms in the
16 sequences were variations on this pattern. Like Der p 1,
one amino acid position, residue 47, showed an equal dis-
tribution of a substitution, either serine or threonine. The
sequences with serine showed the silent and missense
changes exemplified by Der p 2.0104. The silent changes
at nucleotides 56, 75, 78, and 108 were conserved in all of
the Der p 2.0104-like clones. The presence of the same
silent substitutions in mites from different sources shows a
limited common origin of genetic variation. The reason for
the sequence diversity in the Der p 2 sequences might be
that if Der p 2 protects mites from bacterial pathogens,!® a
reservoir of mites with Der p 2 variants with different
binding activities to different pathogens may help protect
the species from zoonoses.

The single structural domain of the 14-kd group 2
allergens has been noted for its high sequence identity
(88%) among D pteronyssinus, D farinae, and Eurogly-
phus maynei,20 with the changes having little predicted
effect on protein structure.?! Similarly, the polymor-
phisms are also largely conservative. The substitutions of
40, 47, 111, and 114 that tend to occur together lie in
close proximity within the single domain structure of Der
p 2. Residues 47 and 114 lie in adjacent loop structures,
residue 111 is at the termini of an adjacent [ strand, and
residue 40 is within the 35-44 B strand.2! It is most likely
that these substitutions would have little effect on the
overall tertiary structure. With respect to T-cell epitopes,
O’Hebhir et al?2 showed that T cells from 7 of 18 subjects
recognized peptides representing residues 22-50 and 105-
129, regions affected by polymorphisms. However, pep-
tides encompassing regions 61-86 and 78-104 that do not
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include polymorphic residues were more stimulatory
(each stimulating 12/18 samples), and no subject respond-
ed only to peptides that encompassed polymorphic sites.
A similar study of O’Brien et al?3 found that the most fre-
quent response was to peptide 111-129, which induced
proliferation in 16 of 24 samples. From the latter study, it
could be speculated that the substitutions of residues 111
and 114 could have a significant influence on the T-cell
responses. For both studies it should be noted that only
the responses to the Der p 2.0101 sequences were exam-
ined, and hence any responses dependent on the substitut-
ed residues were not determined.

The T cells of some individuals may respond to rare epi-
topes produced by sporadic amino acid substitutions, but
because individuals recognize more than 1 epitope on an
allergen, most subjects should respond to the conserved
sequences. T cells from persons living in a region with its
acarofauna dominated by D pteronyssinus have been
shown to produce similar proliferative and cytokine
responses to Der p 1 and Der f 1 despite an 18% sequence
divergence. This was also the case for the responses to the
4 variants of Der p 2, which differed from each other by up
to 4 residues, including the closely spaced 40 and 47, as
well as 111, 116, and 127. All 21 subjects examined had
similar responses to each variant, except for a high respon-
der who had an even higher response to 1 variant. In con-
trast, experiments with peptides from different species have
indicated a more stringent sequence requirement, and sim-
ilar results were obtained here. The PBMCs from 5 of 28
subjects responded to peptide 110-128 containing the fre-
quent polymorphism at position 124, with each subject
preferentially recognizing 1 allelic form. The PBMCs from
2 of 28 subjects recognized peptide 45-63 and were only
stimulated by the tyrosine 50 form, typical of the environ-
mental isolates. Thus immunotherapeutic strategies with
peptides may need to consider even single sequence substi-
tutions for the most effective outcome. Although their data
are limited, of the 5 synthetic peptides reported by others to
stimulate T-cells clones, 45-73, 89-117, 111-139,24 110-
119, and 110-131,25 3 contain polymorphic residues. The
polymorphisms may play a role in allergenicity by provid-
ing different peptides that can be presented by a wider vari-
ety of MHC haplotypes. For example, the allergens Der p
4 and Der p 5, with only single amino acid substitutions,
induce high-titer IgE responses in only 50% of mite-aller-
gic subjects, whereas the group 1 and 2 allergens induce
IgE in approximately 90%.

The sequence variation of Der p 1 and Der p 2 found
in the wild mites was essentially limited to that already
described from the mites maintained in culture by CSL
Ltd. Despite the microheterogeneity, 2 sequences that
were highly representative of the genetic variation in
mites could be identified for each allergen. The data from
the mites from Perth, Sydney, Taipei, and the UK, as well
as the mites from CSL Ltd, all fit the same pattern of
genetic variation. This includes the silent substitutions of
Der p 2 that would not be influenced by natural selective
pressure. It will be of interest to ascertain whether
sequences from other regions follow this pattern.
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Finally, an important technical advance produced by
this study was to use a small-scale reverse transcriptase
PCR that could conveniently be used to synthesize cDNA
from a single mite. The need to culture mites to produce
sufficient starting material for cDNA synthesis, for fur-
ther genetic analysis or to produce recombinant aller-
gens, has been circumvented.

‘We would like to thank Dr Euan Tovey, from the Institute of Res-
piratory Medicine, University of Sydney, Australia, for collecting
and preparing the dried house dust mite samples from the Sydney
homes.
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