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Abstract
Background: Dermatophagoides siboney (Ds) cross-reacted with other mite al-
lergens in mite-allergic patients. The aim of this study was to investigate the
cross-reactivity between individual allergens responsible for this cross-reactivity.
Methods: The inhibition of IgE binding to Ds allergens was investigated by
non-reducing SDS-PAGE and Western blotting. Nitrocellulose membranes were
incubated with a pool of sera from mite-sensitive asthmatics, after the addition of
serial dilutions of D. farinae (Df), D. pteronyssinus (Dp), D. microceras (Dm),
Lepidoglyphus destructor (Ld), Tyrophagus putrescentiae (Tp), Acarus siro (As)
and Blomia tropicalis (Bt). N-terminal amino acid sequences and amino acid
analysis of the purified major allergens, Der s 1, 2 and 3, were performed after
transfer to polyvinylidene difluoride membranes. Results: The inhibition was
higher with Df (86%), Dp (54%) and Dm (49%) extracts than with Ld (20%), Tp
(11%), As (18%) and Bt (6%). The dose-response inhibition showed a diverse
pattern for the individual allergens. Despite the high cross-reactivity between the
pyroglyphid mites, some proteins of Ds were less inhibited, e.g. by the Df and 
Dp 80-kD protein, and by the Dm and Dp 52-, 37-, 30- and 14-kD allergens. The
65-, 62-, 37- and 30-kD proteins were always inhibited more than 50% by all 
the mite extracts at the maximum concentration used. The 80-, 52-, 43-, 27- and
14-kD proteins cross-reacted to a lesser extent. Individual allergens of Ds were
much less inhibited by non-pyroglyphid mites. However, at the highest concen-
tration, Ld also inhibited most of the Ds allergens. All the ten selected allergens
were inhibited to some extent by the heterologous mite extracts. The N-terminal
sequences of Der s 1, 2 and 3 allergens showed higher homology to Df and Dm
than to Dp. The homology of the group 2 allergens was higher than that of the
group 1 allergens. Conclusion: The individual allergens of Ds were more sim-
ilar to Df and Dm than to Dp. There was a limited and variable cross-reactivity
with non-pyroglyphid mites. No single allergen was unique for Ds.
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Introduction

A diverse mite fauna is part of the indoor environment.
These mites are important sensitizers and triggers of aller-
gic symptoms [1]. Understanding of the cross-reactivity
between prevalent mite species is essential to settle appro-
priate strategies for diagnosis and immunotherapy. Cross-
reactivity between allergens from mites of the genus Der-
matophagoides [2–5] and between allergens from less
taxonomically related mites [6–13] has been reported.
Moreover, intra-species cross-reactivity between different
major allergens has been demonstrated within the genus
Dermatophagoides [14].

Dermatophagoides siboney is found together with other
domestic mite species in tropical environments [15, 16]. D.
siboney, D. pteronyssinus and Blomia tropicalis are the
most common mites causing sensitization [17]. Cross-reac-
tivity between D. siboney and other domestic mite aller-
gens, particularly with D. farinae, has previously been re-
ported using IgE inhibition [18]. Thirteen IgE binding
proteins have been identified in D. siboney extracts by
Western blotting [19] and the major allergens Der s 1, Der s
2 [19] and Der s 3 [20] have been purified.

The aim of this study was to investigate the cross-reac-
tivity between individual IgE binding components from D.
siboney and other allergenic mite species.

Materials and Methods

Allergens. D. siboney and B. tropicalis extracts were obtained as
previously reported [19]. Freeze-dried extracts of D. farinae, D. mi-
croceras, D. pteronyssinus, Tyrophagus putrescentiae, Acarus siro
and Lepidoglyphus destructor were obtained from ALK (Hørsholm,
Denmark).

Patients and Sera. Sera from 148 asthmatic patients, sensitized to
several mite allergens [17], were collected and processed as previous-
ly described [18]. Ten of these sera were selected and pooled based on
their high concentration of specific IgE to D. siboney (MagicLite®,
ALK), as well as their broad individual band recognition in im-
munoblots [19]. The inhibition of D. farinae allergens was performed
with a pool of 5 sera from mite-sensitized Swedish patients with high
levels of IgE antibodies to D. farinae.

SDS-PAGE and Immnoblot Inhibition. SDS-PAGE under non-
reducing conditions was performed in 12.5% acrylamide gels. Freeze-
dried extracts of D. siboney and D. farinae were reconstituted in 
sample buffer without 2-mercaptoethanol (3 mg/ml), i.e. 14 µg pro-
tein/lane, and boiled during 5 min. After electrophoresis, the proteins
were transferred to nitrocellulose membranes (0.2 µm, Pharmacia,
Uppsala). One membrane strip containing molecular weight markers
(Pharmacia) was cut and silver stained. The rest of the membrane was
blocked for 1 h at 37°C in phosphate saline buffer, pH 7.4, containing
0.5% Tween-20. After blocking, the membrane was cut into strips and
each strip was individually incubated overnight with 500 µl of a mix-

ture (1:1) of the serum pool with serial dilutions of the allergen tested,
i.e. a serum dilution previously found to give a good resolution of the
IgE binding to D. siboney allergens [19]. The dilutions used for such
inhibition were 0.4, 1.56, 6.25, 25.0 and 100.0 µg of protein/ml. Fur-
thermore, a concentration 20-fold higher (2 mg/ml) was included to
investigate the maximum inhibition for each allergen. The same con-
centration of bovine serum albumin (Sigma) was used as negative
control in each experiment. The next day, the membrane strips were
extensively washed, incubated with 125 I-anti IgE (80,000 cpm/strip,
Phadebas RAST, Pharmacia) and autoradiographed as previously de-
scribed [19].

The autoradiography films were recorded by a BioImage analyz-
er, and the images were processed by Visage 4.6 software (Millipore,
USA). Quantification of the inhibition of individual bands was per-
formed according to Johansson et al. [10]. The inhibition of each in-
dividual selected peak was calculated, in each experiment, by com-
parison with the corresponding peak of the negative control.

N-Terminal Sequence and Amino Acid Analysis. Purified Der s 1,
Der s 2 [19] and Der s 3 [20] allergens were electrophoresed by SDS-
PAGE under non-reducing conditions using the Protean II (BioRad,
USA) apparatus. After electrophoresis, the proteins were transferred
to polyvinylidene difluoride membranes. The strips along the mem-
branes, shown to contain the proteins by Coomassie blue staining,
were cut into 2E2 mm pieces, dried under nitrogen and frozen. The
amino-terminal sequence of Der s major allergens was determined
using automated Edman degradation [21], and quantitative amino
acid analysis was performed according to Barkholt and Jensen [22].

Results

The IgE binding inhibition of D. siboney allergens by
different mite species is shown in figure1. Ten allergns from
D. siboney corresponding to 14, 25, 27, 30, 37, 43, 52, 62,
65 and 80 kD and 6 allergens from D. farinae correspond-
ing to 14, 25, 27, 37, 43 and 65 kD were well defined on au-
toradiographs and selected for quantification. The coeffi-
cient of variation between all the non-inhibited strips for the
10 allergens selected was 25.6% (15.6–30.0%).

The highest concentration of D. farinae, D. pteronyssi-
nus and D. microceras extracts inhibited most D. siboney al-
lergens to more than 80% when tested with the pool of
Cuban sera, indicating a high degree of cross-reactivity be-
tween these species (fig. 2). Similarly, D. farinae allergens
were also inhibited to more than 75% by the D. siboney ex-
tract when tested with the pool of sera from 5 Swedish pa-
tients who were not exposed to this species. Despite the
high cross-reactivity between the pyroglyphid mites, some
proteins of D. siboney were less inhibited. Thus the 80-kD
protein was less inhibited by D. farinae, the 52-, 37-, 30-
and 14-kD proteins by D. microceras and the 80-, 52-, 37-,
30- and 14-kD proteins by D. pteronyssinus extracts. The
65-, 62-, 37- and 30-kD proteins were inhibited by all ex-
tracts more than 50% at the maximum concentration used
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than 50% only by D. farinae, D. microceras and L. destruc-
tor, seemed to be the least cross-reacting allergen from D.
siboney. At the highest concentration, this protein was com-
pletely inhibited only by D. microceras and was less inhib-
ited by D. pteronyssinus. Der s 1 was equally inhibited by
D. farinae and D. pteronyssinus, but poorly inhibited by D.
microceras until the highest concentration of this extract
was reached. Der s 2 was much more easily inhibited by D.
farinae than by D. pteronyssinus or D. microceras, and Der
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(2 g/l) and the 80-, 52-, 43-, 27- and 14-kD proteins were in-
hibited to a lower degree by some extracts. All the ten se-
lected allergens were inhibited to some extent by all mite
extracts. Most of the individual allergens of D. siboney were
much less inhibited by non-pyroglyphid mites. However, at
the highest concentration, L. destructor also inhibited most
of the D. siboney allergens.

The dose-response inhibition for the allergens varied
(fig. 3). The 80-kD allergen, which was inhibited to more

Fig. 1. Inhibition of the IgE binding to al-
lergens of D. siboney after SDS-PAGE and
Western blotting. Lane nc = Not inhibited
negative control; lane a–f = dilutions (0.4,
1.56, 6.25, 25, 100 and 2,000 µg protein/ml)
of the inhibiting mite extracts. The inhibition
of IgE binding allergens in D. farinae by di-
lutions of D. siboney extract in a Swedish
serum pool is also showed.
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s 3 was inhibited to a similar extent by D. pteronyssinus and
D. microceras but not by D. farinae, except for the highest
concentration. The 27-kD allergen seemed to cross-react
completely only with the most closely related species D. mi-
croceras, D. farinae and D. pteronyssinus, and was also in-
hibited to more than 50% by L. destructor.

The analysis of the N-terminal amino acid sequence
(table 1) showed different degrees of homology between
different species. The homology of Der s 1 and Der s 2 was
higher with Der f 1 and 2 than with the group 1 and 2 of D.
pteronyssinus, D. microceras and E. maynei. Der s 1 and
Der s 2 seemed to be closely related, i.e. up to 95% of ho-
mology, with D. farinae group 1 and 2 allergens, respec-
tively. The homologies between Der s 3 and Der f 3 and Der
p 3 were lower, i.e. 50 and 59%, respectively, than those be-
tween group 3 allergens of D. pteronyssinus and D. farinae,
i.e. 78%.

The amino acid analysis of Der s 1, 2 and 3 allergens in-
dicated more similarities of Der s 1 and Der s 2 with Der p
1 and Der p 2 than with the group 1 and 2 D. farinae aller-
gens (table 2). However, group 3 allergens seemed to be
more similar between D. siboney and D. farinae than be-

tween D. siboney and D. pteronyssinus or between D. fari-
nae and D. pteronyssinus which obviously reflects a high
difference in Der p 3 amino acid composition, particularly
demonstrated for aspartic and glutamic acids.

Discussion

The degree of inhibition of D. siboney individual aller-
gens by D. farinae and D. pteronyssinus in Western blotting
agrees with the results of previous studies comparing whole
extract [18]. The results indicate a closer relationship be-
tween D. siboney and D. farinae than with D. pteronyssinus.
The cross-reactivity of D. siboney with D. microceras, was
also higher than that of D. pteronyssinus, which agrees with
the taxonomic relationship between these species [23–25].

The cross-reactivity of D. siboney with A. siro, T. putres-
centiae, L. destructor and B. tropicalis was somewhat lower
than previously reported [18]. The 65-, 62-, 37- and 30-kD
proteins were inhibited by more than 50% by these four
mite species, and hence they seem to be responsible for
most of the observed cross-reactivity.

Fig. 2. Inhibition of individual allergens of D. siboney by 2,000 µg/ml of different mite extracts and the inhibition
of D. farinae by D. siboney extract. The percentage of total integrated inhibition with 100 and 2,000 µg/ml is given in
parentheses.
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Fig. 3. Inhibition curves of the individual allergens of D. siboney by increasing concentrations of different mite
species: L = D. farinae; I = D. microceras; D = D. pteronyssinus; K = L. destructor; C = B. trop-
icalis; dc = T. putrescentiae; J =A. siro. The homologous inhibition by D. siboney extract is indicated as K .
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Table 1. N-terminal sequences of D. siboney allergens and their homology with the group 1, 2 and 3 allergens.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Der s 1 T S A ? R I N P V N V P A E L D ? ? ? L
Der f 1 [43] T S A C R I N S V N V P S E L D L R S L
Homology: 88%
Der p 1 [40, 41] T N A C S I N G * N A P A E I D L R Q M
Homology: 56%
Der m 1 [41] T Q A C R I N S G N V P S E L D R S L R
Homology: 75%
Eur m 1 [44] T Y A C S I N S V S L P S E L D L R S L
Homology: 75%

Der s 2 K Q V D V K D ? A N N E I K K V ? V D G
Der f 2 [3] D Q V D V K D ? A N N E I K K V M V D G
Homology: 95%
Der p 2 [3] D Q V D V K D ? A N H E I K K V L V P G
Homology: 85%

Der s 3 V V G G Q D A D L A E A P F Q I S L
Der f 3 [3] I V G G V K A L A G D ? P Y E I S L E V
Homology: 50%
Der p 3 [45] I V G G E K A L A G E ? P Y Q I S
Homology: 59%

Asterisk indicates a deletion in position 9 for Der p 1.

Table 2. Amino acid composition (residues per 100 residues) of D. siboney and those of D. farinae and
D. pteronyssinus major allergens.

Der s 1 Der f 1 Der p 1 Der s 2 Der f 2 Der p 2 Der s 3 Der f 3 Der p 3
[3] [46] [3] [3] [3] SwissProt

Asp N 7.7 12.1 9.5 8.2 13.5 11.3 9.6 11.6 4.7
Thr T 4.0 5.9 5.3 3.6 6.1 4.0 4.7 5.9 2.2
Ser S 7.0 6.8 6.8 7.3 4.9 4.6 7.3 8.8 9.9
Gln Q 18.5 7.9 18.0 15.5 11.8 12.4 14.3 9.7 3.9
Pro P 5.5 5.9 9.8 4.3 6.1 7.4 5.2 5.2 2.6
Gly G 11.6 11.0 8.9 13.7 8.5 8.9 12.8 11.4 11.6
Ala A 7.1 7.4 8.1 7.9 8.1 8.6 5.8 6.6 7.3
1/2 Cys C 1.7 0.7 3.4 N/A N/A N/A 1.7 N/A 3.0
Val V 7.3 6.9 5.4 7.6 8.7 10.6 6.8 6.7 9.1
Met M 0.9 1.5 1.1 1.2 1.7 1.4 1.2 2.1 0.9
Ile I 7.1 8.7 3.6 5.6 7.4 8.0 5.7 6.3 6.5
Leu L 6.98 5.4 5.6 8.4 8.8 7.3 8.2 7.4 6.5
Tyr Y 4.2 7.8 2.0 2.3 1.7 2.0 3.3 3.8 4.7
Phe F 2.6 1.4 2.2 3.2 3.6 2.8 2.5 2.3 1.3
His H 2.0 2.2 1.9 2.5 2.9 3.5 2.8 2.2 1.7
Lys K 2.3 1.4 4.6 5.3 3.4 3.7 5.0 6.6 8.2
Arg R 3.6 6.9 3.8 3.2 2.6 2.4 3.0 3.4 3.4
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Low-molecular weight allergens from A. siro and T. pu-
trescentiae have been reported to cross-react poorly with D.
pteronyssinus. A 16-kD component from D. pteronyssinus
was also found to cross-react to some degree with A. siro
and T. putrescentiae [10, 12]. In our study, the 14-kD com-
ponent of D. siboney, Der s 2, was poorly inhibited by L. de-
structor, A, siro, T. putrescentiae and B. tropicalis. The 25-
kD allergen, Der s 1, was also inhibited by these mites, but
not as much as previously reported for the 25-kD allergen
from D. pteronyssinus, which was inhibited to the same de-
gree by L. destructor as by homologous extract [10].

Minimal or no cross-reactivity between Blomia and Der-
matophagoides spp. has been reported by some authors [7,
11, 26–28], but others have demonstrated some cross-reac-
tivity [29, 30]. Moreover, up to 47% inhibition of D. siboney
whole extract was achieved by Blomia extract [18] and up
till 38% of inhibition of IgE binding to individual allergens
was observed in this paper. These results agree with the in-
hibition of IgE antibodies to D. pteronyssinus by B. tropi-
calis extracts as previously reported [31]. Cross-reactivity
and sequence homology between group 5 allergens (13–14
kD) of Blomia and Dermatophagoides have been reported
[32]. The group 5 content in D. siboney extract should be
further investigated. According to the present results, the
cross-reactivity observed between these two species seems
to be explained by other components, i.e. the 65-, 52-, 37-
and 30-kD proteins.

A 80-kD IgE binding protein of D. siboney was one of
the least cross-reacting allergens. A component of 79 kD
from L. destructor, which could be a degradation product of
93-kD protein, showed 60% of IgE binding in a group of
RAST-positive sera to this mite and 25% in a group of sera
positive to D. pteronyssinus [33]. It seems attractive to con-
sider this component similar to the 80 kD of D. siboney,
which was inhibited more than 65% by L. destructor. The
use of specific monoclonal antibodies directed to this L. de-
structor protein on D. siboney extract could elucidate their
partial identity.

Similar amounts of homologous extract was needed for
50% inhibition, i.e. about 10 µg in most cases, and 100% in-
hibition was achieved with 100 µg. The amount of heterolo-
gous extracts needed to achieve 50% of inhibition was dif-
ferent for each species, even when the inhibition with the
highest concentration was quite similar. These results could
reflect a partial identity between allergens of the different
species tested, but also a variable amount of cross-reacting
allergens in the different extracts used in these experiments.
For some mites the inhibition curves did not follow a typi-
cal dose-response pattern. This could reflect the existence
of different subpopulations of IgE with different affinity to

different proteins and/or the presence of several isoforms of
each allergenic protein with different epitopes showing dif-
ferent IgE affinity. Furthermore, the possibility of more than
one single allergen in each of these bands reactive to the IgE
could not be excluded. It has been proposed that the re-
sponse to group 1 allergens is directed against both cross-re-
active and species-specific determinants whereas IgE
antibodies to group 2 allergens were demonstrated to react
almost completely to cross-reactive determinants [34].
However, our results could indicate a closer IgE cross-
reactivity of Der s 1 than of Der s 2 with the corresponding
group allergens, although the amino acid composition and
n-terminal sequences of Der s 2 showed higher similar-
ity with the corresponding group of D. farinae and
D. pteronyssinus than did Der s 1. The possibility that some
epitopes may bave been destroyed during SDS-PAGE
and/or that the inhibition of IgE binding to Der s 2 is dimin-
ished by an oversaturation effect of the autoradiography,
cannot be excluded.

The results of cross-reactivity studies will largely de-
pend on the allergenic extracts used for the inhibition and on
the patient selection criteria. Large variations in the relative
amounts of individual allergens between extracts of the
same species is not an unusual phenomenon. Moreover, the
relative amount of IgE antibodies directed to individual al-
lergens will vary in the source of serum pools. In our study
we have used well-characterized allergens, and a large num-
ber of allergic individuals have been screened in order to se-
lect a pool of sera. However, absolute data on the cross-re-
activity between allergenic extracts are difficult to obtain.
Not only the partial identity between some individual pro-
teins of D. siboney with those of other mites, but also the
effect of multiple sensitization to several mite species
[35–37] should be considered, since over-exposure to other
mite species can influence the IgE antibody response to the
mite studied, i.e. patients who are sensitive to house dust
mite allergens may produce IgE that binds to the allergens
of mite species to present in their environment [38].

Cuban patients have not been exposed to D. farinae [15]
and Swedish patients have not been exposed to D. siboney.
Despite the lack of exposure, Cuban patients have IgE bind-
ing and reacted by skin test to D. farinae and Swedisch did
to D. siboney due to the pronounced cross-reactivity ob-
served between these species [Casas et al., submitted].
Therefore the high percentage of inhibition of the individu-
al allergens of D. farinae by D. siboney extract in a Swedish
serum pool was not surprising.

The high degree of N-terminal amino acid sequence ho-
mology between Der s 1 and the group 1 allergens Der f 1,
Der m 1 and Eur m 1 agreed with those previously reported



for group 1 allergens [39–41] and with the related taxono-
my [24]. The low homology found between Der s 1 and Der
p 1 reflects a dissimilarity in the N-terminal sequence of
Der p 1, which is also evident when the homology of this al-
lergen with the other species, i.e. 25% with Der f 1 and 35%
with Der m 1, were calculated. Even higher similarity was
observed between Der s 2 and Der f 2. However, when the
relationship between the amino acid composition was esti-
mated, Der s 1 and Der s 2 seemed to be more related to Der
p 1 and Der p 2, respectively, than to Der f 1 and Der f 2.
Der s 3 and Der f 3 showed the highest similarity in amino
acid composition despite their poor homology at the N-ter-
minal sequences. These contradictory results can reflect a
more pronounced difference in the amino acid sequence
than those observed from the first 20 N-terminal amino
acids. Der s 3 was purified using monoclonal antibodies di-
rected against Der f 3 allergen, showed tryptic-like activity
and reacted with anti-Der 3 antibodies [20]. However, the
N-terminal sequence homology with the group 6 allergens
reported in 1993 by Yasueda et al. [42] was higher than that
of group 3, possibly indicating a cross-reactivity between
group 3 and 6 allergens, a question to be further investigat-
ed.

Our present findings confirm the close relationship be-
tween D. siboney and D. farinae and indicate that under

those experimental conditions selected, the individual aller-
gens of D. siboney were more similar to those of D. farinae
and D. microceras than to D. pteronyssinus and that despite
limited, there is a variable cross-reactivity with non-pyro-
glyphid mites. Even through no single individual allergen
was found to be unique for D. siboney, the presence and
characterization of non-cross-reacting, as well as similar
epitopes on its allergen molecules, should be further inves-
tigated.
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