
Introduction

Euroglyphus mayneihas a wide geographical distribu-
tion [1–4]. Although Dermatophagoides pteronyssinusand
Dermatophagoides farinaeare usually the most prevalent
species of house dust mite, in some houses up to 80% are 
E. maynei[3] occurring as mixed populations with either 
D. pteronyssinus[3], D. farinae[4, 5] or Blomia tropicalis
[6]. Given that the levels of E. mayneiin a mixed population
of mites have often been reported to exceed the 100 mites/g
dust, a level proposed to represent a risk factor for the de-
velopment of allergic disease, it is important that the aller-
genic components of these mites be more clearly defined.
In support of this, Hales et al. [7] have shown that E. maynei
group 1 allergens are a significant source of primary T-cell
sensitization and have little T-cell cross-reactivity with
D. pteronyssinusor D. farinae[7]. Three of 17 subjects re-
sponding to peptides from the group 1 allergens had strong
and preferential responses to Eur m 1 peptides, with Eur m
peptides causing the strongest stimulation in a further 2 sub-
jects. These results highlight the probable clinical impor-
tance of the E. mayneiallergens and suggest that more con-
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Abstract
Background: There is increasing evidence that the
house dust mite Euroglyphus maynei may be a signifi-
cant source of allergic sensitization. The structural infor-
mation for the E. maynei allergens is largely restricted
to a single partial genomic sequence of Eur m 1. Meth-
ods: A cDNA library was constructed from a culture of 
E. maynei. Clones encoding the major group 1 and 2 al-
lergens were isolated by DNA hybridization and se-
quenced. Results: The sequence of several full length
clones of Eur m 1 and Eur m 2 were obtained. The full
pre-proenzyme sequence of the cysteine protease Eur m
1 was determined. The translated amino acid sequence
of Eur m 1 and Eur m 2 had 84–86% sequence identity
with the corresponding allergens from Dermatopha-
goides pteronyssinus and Dermatophagoides farinae
mites. This is the same as the degree of sequence iden-
tity found between D. pteronyssinus and D. farinae de-
spite Euroglyphus being a member of the Pyroglyphi-
nae subfamily rather than the Dermatophagoidinae
subfamily. Conclusion: The sequences of the major Eur
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m 1 and Eur m 2 allergens are described. Their degree of
divergence from the Dermatophagoides spp. is similar
to that observed between D. pteronyssinus and D. fari-
nae group 1 and group 2 allergens.
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sideration should be given to E. mayneiin the development
of immunotherapy and diagnostic tests.

A partial genomic sequence for the Eur m 1 allergen and
subsequent isolation of natural Eur m 1 was first described
by Kent et al. [8]. In order to further characterize the
E. mayneiallergens, this study describes several Eur m 1
and Eur m 2 clones isolated from an E. mayneicDNA li-
brary. The sequence identity of both groups of allergens
from E. mayneiwas the same as that found between the
Dermatophagoidesspp. The study also demonstrates the
presence of polymorphic residues as previously reported for
the Dermatophagoidesspp. [9, 10].

Materials and Methods

Construction of the E. mayneicDNA Lambda (λ) gt10 Library
E. maynei(500 mg) were grown in culture at 25°C in medium

containing yeast extract and beard shavings at a ratio of 10:1.
Polyadenylated mRNA was isolated from the live mites [11] and used
to synthesize cDNA by the RNase H method [12] using a kit (Amer-
sham International, Aylesbury, UK). Following the addition EcoR1
linkers (New England Biolabs, Beverley, Mass., USA) the cDNA was
ligated into EcoR1 -digested λ gt10 arms. The ligated DNA was pack-
aged and grown in Escherichia coli C600Hfl to select for recombinant
phage producing a library with 2.1E105 recombinant phage. Phage
DNA was grown in E. coli JP777 to produce amplified stock for li-
brary screening.

PCR Generation of Eur m 1 and Der p 2 Probes
The oligonucleotides (Bresatec Ltd., Australia) used for PCR am-

plification of Eur m 1 corresponded to nucleotide residues 321–339
(5*-GCGGATCCCTCAATTCGATTTGAATGC-3*) and 1012–991
(5*-GGAATTCTTAGAGAATGACAACATATGG-3*) of the Der p 1
cDNA sequence [13]. Tthpolymerase was used according to the man-
ufacturer’s specifications (Fisher Biotech International, Australia)
with the addition of 20 pmol of each of the primers, 250 µM dNTP
and an aliquot of the Eur m library phage stock equivalent to 2E108

recombinant phage. The thermal cycling was performed in a Perkin-
Elmer 2400 machine. The 40-cycle programme was as follows:
(5 min, 94°C; 30 s, 94°C; 1 min, 55°C; 2 min, 72°C) E40 cycles,
8 min, 72°C. For Der p 2 oligonucleotides which corresponded to nu-
cleotide residues 105–114 (5*-CGGGATCCTTGTTGGTCGCAG-
CCGTTG-3*) and 443–428 (5*-GCGAATTCAACAGTGACGA-
CAAC-3*) were used to amplify a fragment corresponding to amino
acid residues 1–108 [14]. The PCR was performed as outlined above
with the exception that 40 cycles were performed with an annealing
temperature of 60°C.

Cloning and DNA Sequencing
PCR amplified DNA were labelled with a Giga prime random

prime kit (Bresatec Ltd.) using α–32P dATP and the reaction was
stopped by heating at 65°C for 10 min. The labelled probes were then
purified using a Sephadex G50 column. Screening of the library and
isolation of both Eur m 1 and Eur m 2 clones was performed as previ-
ously outlined [15, 16]. Aliquots of the purified λgt10 clones were
amplified by PCR with Pfu polymerase according to the manufactur-

er’s instructions (Stratagene, La Jolla, Calif., USA) with the addition
of 20 pmol of both λgt10 forward primer (5*-AGCAAGTTCAGC-
CTGGTTAAG-3*) and λgt10 reverse primer (5*-CTTATGAG-
TATTTCTTCCAGGGTA-3*). The Eur m 2 PCR products were di-
gested with EcoR1 and subcloned into EcoR1-digested pUC18
plasmid vector. The Eur m 1 PCR clones were blunt-end cloned into
Sma1-digested pUC18. The recombinant plasmids were transformed
into E. coli XL-1 blue cells for sequencing. The pUC18 clones were
purified by small scale alkaline lysis. Sequencing was performed in
both directions and where necessary clones from 2 separate PCRs
were sequenced. Automated cycle sequencing was performed on an
ABI 373 sequencer at CMII (Perth, Australia) using both dye-primer
and dye-terminator reactions. Nucleotide and protein sequence analy-
sis were performed using Mac Vector Software version 6.0.1 (Oxford
Molecular Group, Oxford, UK).

Results

Characterization of Eur m 1 and Its Variants
The Eur m 1 PCR probe hybridized to 4 clones following

screening of approximately 150,000 recombinant phage.
Three clones encoded full length Eur m 1 sequence includ-
ing 5* and 3* untranslated regions (UTR). These have been
called Eur m 1.0101, 0102 and 0103. The fourth clone was
a partial 600-bp sequence identical to Eur m 1.0101. Eur m
1.0101 was the largest with 1,139 bp, then Eur m 1.0103
with 1,106 bp and finally Eur m 1.0102 with 1,092 bp. The
nucleotide sequences of 0101 and 0102 differed only at 
5 nucleotide residues (147, 571, 577, 652 and 1052; fig. 1),
whereas Eur m 1.0103 differed from 0101 and 0102 by 17
and 13 nucleotide residues, respectively. The 5* and 3* UTR
showed an extremely high degree of similarity with only
2–3 residues difference between all three clones. The 3*

UTR include a polyadenylation signal (underlined in fig. 1)
and a poly A tail. The nucleotide sequence of the published
Eur m 1 genomic sequence had only a single-base transver-
sion at residue 635, with a G in the Eur m 1.0101 sequence
substituted for a T in the genomic sequence (fig. 1) resulting
in a silent mutation.

The translated sequence of Eur m 1.0101 encoded an
open reading frame (ORF) of 954 bp with a classical hy-
drophobic 18-amino-acid signal peptide and an 80-amino-
acid proenzyme sequence upstream of the mature N-ter-
mini. The theonine at the +1 position is the previously
identified N-terminus of the 223-amino-acid mature pro-
tein. The 0101 and 0102 translated sequences differed at a
single amino acid as a result of the substitution at nucleotide
residue 148. This resulted in a conservative change from a
threonine (0101) to a serine (0102) at position –63 (fig. 2).
Eur m 1.0103 had 2 conservative substitutions at positions
–63 (identical to 0102), 222 (Met to Ile) and a single non-
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conservative substitution of a Met to an Asn residue at 28.
The 223 residue mature protein has a calculated MW of
25.1 kD and a pI of 5.94. The full-length protein has 85 and
86% identity with Der p 1 and Der f 1, respectively. All the
amino acid residues which make up the active site of cys-

teine proteases namely, Glu29, Gly33, Ser34, Cys35,
His171, Asp191, Ser192 and Try193, are conserved across
all 3 species (fig. 2). A potential N-glycosylation site is also
present at positions 53–55 (NMS, underlined in fig. 2).
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Fig. 1. Eur m 1 nucleotide sequence align-
ment. The nucleotide sequence for Eur m
1.0101 is aligned with the sequences for the
polymorphic variants 0102 and 0103. The se-
quences are also aligned to the previously
published Eur m 1 genomic sequence. Identi-
cal nucleotide residues are indicated by (.)
and substitutions by the relevant nucleotides.
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Characterization of Eur m 2.0101 and Its Variant
Four Eur m 2 clones were isolated following screening

of approximately 150,000 recombinant phage. The largest
was designated Eur m 2.0101 with the remaining 3 being

designated Eur m 2.0102 (fig. 3). Two of the 3 Eur m 2.0102
clones were identical at the nucleotide level and the third
differed from the other 2 at nucleotide 87 but with no amino
acid substitution. The 3 Eur m 2.0102 clones also differed

Fig. 2. Comparison of the amino acid se-
quences of Eur m 1 with other group 1 aller-
gen sequences. The deduced amino acid se-
quences for Eur m 1.0101, the polymorphic
variants 0102 and 0103 and the previously
published genomic Eur m 1 sequence [8] are
compared with the other group 1 allergens,
Der p 1 and Der f 1. The positions of identi-
cal residues are marked with a single full stop
(.), conservative changes with the single let-
ter amino acid code in lower case and non-
conservative changes with the single letter
code in uppercase. A dash (–) indicates a
space included to optimize the alignment.
The following Der p 1 polymorphic residues
have been described, 51H, 82E, 96P, 125A,
131D, 137T, 155Y, 162H, 179G and 216Q
(Eur m 1 numbering) [9, 20].



from the Eur m 2.0101 clone at nucleotide residues 102 and
103, resulting in a single conservative amino acid substitu-
tion.

The translated sequences of the variants differed by a
single conservative amino acid substitution at residue 5 of
the mature protein with an isoleucine (0101)/valine (0102)
substitution (fig. 4). A complete ORF of 440 bp (fig. 3) is
evident in Eur m 2.0101 with 2 possible translation initia-
tion sites at positions –16 and –17. Residues –17 to –1 con-
tain predominantly hydrophobic residues characteristic of a

signal peptide. The translated 129-amino-acid mature pro-
tein had a calculated MW of 14.1 kD and pI of 6.07. All the
clones have a polyadenylation signal (AATAAA), with the
3*UTR being identical in sequence but not in length (fig. 3).
Eur m 2 has approximately 84% identity with both Der p 2
and Der f 2, and 39% identity (59% overall homology) with
Lep d 2.0101 (fig. 4).
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Fig. 3. Eur m 2 annotated nucleotide se-
quence. The nucleotide sequence for Eur m
2.0101 is shown with the deduced amino acid
sequence corresponding to the open reading
frame. The isoform Eur m 2.0102 clone 1 had
a substitution of a CG dinucleotide base for
the TA dinucleotide at residues 102–103 in
Eur m 2.0101. The second clone of Eur m
2.0102 had the same 102–103 CG substitu-
tion in addition to a substitution at residue 87
from a T (0101) to a G nucleotide. The loca-
tion of these substitutions is underlined in the
figure.



20 Int Arch Allergy Immunol 1999;118:15–22 Smith/Mills/Hazell/Hart/Thomas

Fig. 4. Comparison of amino acid sequences
of Eur m 2 with other group 2 allergens. The
deduced amino acid sequences for Eur m
2.0101 and 0102 are compared with the cor-
responding sequences for Der p 2 [14], Der f
2 [17] and Lep d 2.0101 [18]. The positions
of identical residues are marked with a full
stop (.), conservative changes with the single
letter amino acid code in lowercase and non-
conservative changes with the single letter
code in uppercase. Der p 2 polymorphic
residues include, -1A, 40L, 47S, 111L, 114N
and 127L [10]. The polymorphic residues de-
scribed for Der f 2 are 63I, 70T, 76V, 88A,
110L, 111V/I, 114N, 122G, 125G [17].

Discussion

The mite species E. maynei coinhabits with Der-
matophagoidesspp. in temperate climates such as Perth,
Western Australia, where it was found to be present at lev-
els adequate to cause sensitization in 75% of homes studied
and was the most abundant mite in 2/20 of homes studied
[3]. IgE binding to E. mayneiand D. pteronyssinushas
shown extensive cross-reactivity [19], whereas more re-
cently T-cell responses have demonstrated very little cross-
reactivity [7]. There is accordingly more information re-
quired about the allergens. The cDNA sequence data
reported here is the first full-length information reported for
both Eur m 1 and Eur m 2.

The group 1 Dermatophagoidesallergens are cysteine
proteases synthesized as pre-proenzymes with an 18-
amino-acid signal peptide sequence, an 80-residue proen-
zyme sequence and a mature protein of 222 amino acids for
Der p 1 and 223 for Der f 1. The Eur m 1 cDNA clones
exhibited the same pre-proenzyme structure with a 223-
residue mature sequence. The sequence reported by this
study has extended the known sequence (residues 1–212 of
the mature protein translated from a PCR amplification of
genomic DNA) to include the complete ORF and both 5*

and 3* UTR. Like the Der p 1 sequence, the UTRs are large-
ly conserved. The translated Eur m 1.0101 sequence report-
ed here was identical to the genomic amino acid sequence
(in the residues available for comparison) but differed from
Eur m 1.0102 and Eur m 1.0103 by 1 and 3 amino acids, re-
spectively. In fact, the Eur m 1.0101 cDNA only differed by

a single silent nucleotide substitution from the 635 residues
of the genomic sequence reported by Kent et al. [8]. Al-
though only a small number of clones have been analysed,
the sequence divergence appears less than that found for
Der p 1 where all the sequences have been different. It is
tempting to speculate that since E. mayneiare difficult to
grow in culture that some genetic selection or founder effect
may have occurred.

Although the gross morphology of E. mayneiis very dif-
ferent from the Dermatophagoidesspp., the amino acid se-
quence of Eur m 1 was 85–86% identical to Der p 1 and Der
f 1 which is the same as the difference between the latter
two groups. Of the 223 residues, about 170 were identical
between the species (depending on the variants) and 15
were unique to Eur m 1. The remaining differences were
equally Der p- or Der f-like. Only 5 residues were different
in all 3 species. The regions of interspecies variation oc-
curred in the same region as the variation found between
Der p 1 and Der f 1, namely the N-terminal 20 residues and
the residues between positions 90 and 140. These regions
are almost devoid of solvent-inaccessible core hydrophobic
residues and most of the region 90–130 forms a flexible
loop connecting the domains [20]. The C-terminal 23 amino
acids which had 35% sequence variation between Der f 1
and Der p 1 did not show as high a disparity, i.e. 13–26%
between the E. mayneiand each of the D. pteronyssinusand
D. farinae sequences. The N-glycosylation site at amino
acid residues 53–55 (52–54 for Der p 1) was found in all
species. They also all contained an aspartate at residue –1 of
the proenzyme sequence. This residue is required for the



substrate specificity of the cysteine protease activity [21]
and could be conserved so that self-cleavage could be used
to release the mature protein.

Several polymorphisms have been described for the
group 1 allergens [9, 22]. Der p 1 polymorphisms occur at a
limited number of locations within the mature protein se-
quence. Several of the Eur m 1 residues are identical to the
polymorphic residues described for Der p 1 (fig. 2). Three
of these (161, 178 and 215) occur only rarely in Der p 1
sequences, but are present in both the Der f 1 and Eur m 1
sequences, supporting the notion that they are real polymor-
phisms and not artefacts of the cloning process. With a
dearth of information on the sequence variation found in en-
vironmental mite populations, it is not possible to predict
whether the rare substitutions may be more frequent in
some populations of D. pteronyssinusmites.

This study reports the first sequence encoding Eur m 2.
As for the Eur m 1, there was a high degree of identity with
Der p 2 and Der f 2 of approximately 84%. This is a little
less than the 88% identity described for Der p 2 and Der f 2
but the substitutions are nearly all conservative as are the
substitutions between Der p 2 and Der f 2. Of the 29 differ-
ences found between the 129-residue Eur m 2 and either
Der p 2 or Der f 2, 15 substitutions were unique to Eur m 2
with about an equal split between Der p-like and Der f-like
for the remaining 14 substitutions. Importantly, this con-
firms the analysis with the group 1 allergens which shows
that the E. maynei allergens have the same degree of diver-
gence from D. pteronyssinusand D. farinae as they have
from each other and there is no tendency to be either more
Der p- or Der f-like. It is of interest to note that there is a
similar moderate degree of identity (approximately 40%)
between the group 2 allergens of the house dust mite and
other group 2 allergens such as Lep d 2 from the mite, Lep-
idoglyphus destructor.

Polymorphic amino acid residues have been found in
Der p 2 at residues –1, 40, 47, 111, 114 and 127. The
residues found in Eur m 2 at positions –1, 47, 111 and 114
were the same as the reported Der p 2 polymorphisms.
Residue 111 was a Met in 6/7 Der p 2 clones, with a ge-
nomic clone containing a Leu at this position. The Leu 111
was present in both Eur m 2 clones, suggesting that further
studies may reveal a wider distribution of the Der p 2 vari-
ant. The four Eur m 2 clones described in this paper show
only a single amino acid polymorphism, a conservative sub-
stitution at residue 5. In contrast, previous reports with Der
p 2 sequences from a commercial stock of mites (CSL Ltd.,
Melbourne) and environmental isolates have shown an un-
usually high frequency of polymorphism as found for the
group 1 allergens [10].

NMR studies have demonstrated that the tertiary struc-
ture of the group 2 allergens consists of a single-domain im-
munoglobulin fold with structural similarities to the third
and fourth domains of the transglutaminase coagulation
factor [23]. The non-conservative interspecies substitutions
of the group 2 allergens, which are found at residues 11, 19,
36, 48, 70, 73, 84 and 114, all correspond to residues in the
loops connecting the â-sheets. The loop from 65 to 85 in-
cludes 3 of these substitutions, each unique to Eur m 2.
Along with the other group 2 allergens, Eur m 2 has ap-
proximately 45% homology to a family of proteins first rep-
resented in the GenBank database by HE1, a protein which
is produced by the epithelial cells and secreted in very large
quantities into the epididymal fluid [24]. Other members of
this family now include proteins isolated from the dog [25],
cow [26] and the tobacco hornworm moth [27].

Several studies have shown that in many temperate re-
gions the number of E. mayneifound in houses can reach
levels which, as indicated by studies with other mite
species, are associated with allergic sensitization. This
species has a higher abundance in beds relative to carpets
than Dermatophagoides, which may increase human expo-
sure [1]. It has been directly shown by van Hage-Hamsten
et al. [28] that E. mayneiproduces IgE-binding specificities
distinct from Dermatophagoidesand can be a common
cause of sensitization. Our study is the first to report the
complete sequence for the major allergens, Eur m 1 and Eur
m 2. It also shows that the degree of divergence from the
Dermatophagoidesssp. is similar to that observed between
D. pteronyssinusand D. farinae and highlights the need 
to develop reagents for species-specific diagnosis and im-
munotherapy. It is clearly acknowledged that recombinant
house dust mite allergens are invaluable tools for the devel-
opment of improved diagnosis and therapy, and difficulties
in culturing E. mayneion a commercial scale would make
the future development of recombinant E. mayneiallergens
a practical solution.
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