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Localization of major allergens in the dust mite
Lepidoglyphus destructor with confocal laser scanning
microscopy
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Summary

The dust mite Lepidoglyphus destructor is the dominating source of allergens giving rise
to asthma and rhinitis among farmers. In a previous study of the localization of
allergens in L. destructor we demonstrated that the 39 kDa allergen is associated with
digestion. Here we describe the localization of the principal 15 kDa allergen and the
high molecular weight allergen complex (79 and 93 kDa) in L. destructor with confocal
laser scanning microscopy (CLSM). Cryostat-cut sections of mite bodies and faecal
pellets were probed with mouse monoclonal antibodies (MoAbs) raised against the
allergens. The 15 kDa allergen disclosed labelling of the mite body and most of the
faecal pellets but left the exoskeleton unlabelled. The binding was widespread, and
most intense in the mouth region. However, some staining was also observed around
the gastrointestinal tract. In contrast, the 79 and 93 kDa allergen complex stained the
exoskeleton and the front part of the mite. Interestingly, we detected no labelling of the
faecal pellets with the MoAb against the 79/93 kDa allergen. The sludy indicates that
the 15 kDa allergen is associated with the digestive tract whereas the function of the 79
and 93 kDa allergen complex remains to be elucidated.
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Introduction

Exposure to storage (non-pyroglyphid) mites has been
increasingly recognized as a cause of asthma or rhinitis
[15] . Storage mites are distributed worldwide. These
mite species are a risk factor for sensitization in occupa-
tions such as farming and grainstore work [1-8]. Mites
also exist in dust in damp urban dwellings, since humid
conditions favour their growth [9]. In Europe Lepido-
glyphus destructor is the predominant non-pyroglyphid
mite species [2.5] whereas sensitization to Blomia
dominates in subtropical and tropical areas [10-12],
However., in Columbia atopic subjects may have IgE-
antibodies to L. destructor as [12] well as to the mites
Aleuroglyphus ovatus and Chortoglyplnis arcuatus [13].

Correspondence: Dr M. van Hage-Hamsten, Department of Clinical
Imnfiunology. Karolinska Hospital. S-171 76 Stockholm, Sweden.

Allergenic characterization of L. destructor has so far
revealed 21 IgE-binding components, ihe principal aller-
gen being localized at 14-i5kDa [14.15]. To further
study the allergen composition of L. destructor we have
raised several monoclonal antibodies (MoAbs). one of
which (designated 42B6) is directed against the 39 kDa
allergen [16]. This allergen seems to be of importance to
rural as well as urban subjects. Nearly half of these
individuals were scored positive in a radioimmunoassay
(RIA) where MoAb 42B6 was used as a capture antibody
[17]. Another MoAb (117F9) identifies two high mol-
ecular weight components of 79 and 93 kDa, of which at
least one causes IgE-mediated sensitization [18]. As high
a proportion as 60% of sera from farmers wilh specific
IgE antibodies against L. destructor recognize this aller-
gen complex [18].

In a previous study of the localization of allergens in L.
destructor we demonstrated that the 39 kDa allergen is
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Fig. I. L. de.structor mite in lactic acid. Light microscope at
X 150 magnification.

associated with digestion [19]. To gain more information
about the 15 kDa allergen of L. destructor and about the
high molecular weight allergen complex we have now
investigated their labelling pattern and compared it with
that of the 39 kDa allergen. In addition to standard light
microscopy we used confocal laser scanning microscopy
(CLSM) to localize the allergens. The latter technique
has several advantages over light microscopy [20], such
as significant reduction of stray light — thus improving
contrast, and increased resolution in both lateral and
vertical dimensions. Furthermore, a specimen can be
scanned sequentially at different depths, both horizon-
tally and vertically. The images obtained can be stored
on a computer for further processing, thus enabling 3-
dimensional (3-D) reconstructions of the object.

Materials and methods

Mites and faecal pellets

Nine batches of live mites and five batches of faecal
pellets (mesh size < 90/im) belonging to L. destructor
(Fig. 1) were obtained from Allergon AB {Angelholm,
Sweden). The mites were embedded in Tissue Tek'^
(Miles Diagnostics Division, Elkhart, IN, USA) and
stored at -70"C. Twenty serial 10 ^m sections per mite

were cut in a cryostat at -18°C and transferred to glass
slides coated with chromium gelatine. On each glass
slide, between one and four sections of one mite were
mounted. Sections of about 60 mites were studied.

Twenty milligram of faecal pellets from L. destructor
were mixed in 2 ml of 0 05 M phosphate bulfcr. pH 7-6,
containing 0T5 M saline. A total of 200/^1 of the faecal
preparation per glass slide was centrifuged at about 20^
for 5 min (Shandon Cytospin" 3, Shandon Scientific
Ltd, Cheshire. UK), air-dried and analysed.

Mouse monoclonal antibodies

MoAbs were raised against L. destructor as described
previously [21]. Hybridoma cells were cultivated in
Dulbecco's Modified Eagle's medium supplemented
with 5% fetal calf serum and gentamicin 25/fg/ml. The
MoAbs were purified on a Protein-A-Sepharose CL-4B
column according to the instructions of the manufac-
turer (Pharmacia AB, Uppsala, Sweden) and stored at
-2O'C until used. The two MoAbs used were 11I2D8
(IgGl) directed against the 15kDa component [21] and
117F9 (IgG2a) directed against the 79 and 93 kDa
allergen complex [18].

Imnmnohistochemical staining

Cryostat-cut non-fixed 10;/m sections of the mite bodies
were probed with MoAbs against L. destructor. The
sections were allowed to react with normal rabbit
serum (diluted 1/10) for 10 min to reduce non-specific
staining. Thereafter, purified MoAbs against L. destruc-
tor 1112D8 (diluted to 2//g/ml) or I17F9 (diluted to
1 7 /ig/ml) were applied for 30 min. Sections were immuno-
stained with the alkaline-anti-alkaline phosphatase
(APAAP) complex technique using the chromogenic
Fast Red Substrate System (Dakopatts, Copenhagen,
Denmark) [22], where rabbit anti-mouse immuno-
globulin (diluted 1/40) (Dakopatts) was used as second-
ary antibody. The intensity of the staining reaction was
increased by repeating the incubation steps with the link
antibody and APAAP complex. The sections were counter-
stained with Mayer's haematoxylin. Specificity tests
included replacement with subclass-matched irrelevant
MoAbs (used in the same concentration as MoAb
1112D8 and 117F9) or with the culture medium for the
MoAbs. The cytospine glasses containing the faecal
pellets from L. destructor were stained with APAAP as
described above.

Microscopic evalualion

APAAP staining was chosen since it allows assessment
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(a)

with both ordinary light microscopy and CLSM [22]. After
the stained sections of the mite bodies had been evaluated
in the light microscope, selected sections were further
analysed in a CLSM SARASTRO" 2000 system (Mol-
ecular Dynamics, Sunnyvale, CA, USA) equipped with an
argon ion laser and built around a Nikon Optiphot II
microscope. The software for scanning and image proces-
sing is implemented on a Silicon Graphics 4D/25 Personal
Iris" workstation (Silicon Graphics Inc., Mountain View,
CA, USA), which runs a UNIX-based operating syslem. A
comprehensive description of CLSM has been published
[23]. The 5l4nm wavelength was used for excitation of
Fast Red [22]. Fast Red was detected with a beam-splitter
reflecting at 535 nm, and in front of the detector, a long-
pass filter at 535 nm. A confocal aperture of 50/im and a
x20 plano-apochromate Nikon objective was used.

Each 10/^m section was scanned sequentially into nine
'optical sections" separated by a 1 2/nn. starting at the
top. The top was determined from a vertical scan.
Extended focus projections were produced by adding
all optical sections in the stack wilh each section in focus.
To further visualize the binding pattern of the MoAbs,
'intensity map" projections were obtained where the
heights of the peaks were proportional lo the pixel
values (i.e. registered emitted light).

The faecal pellets were evaluated only in the light
microscope, due to their autofiuorescence at ihe wave-
length (514nm) used for exciting Fast Red.

Results

Mite bodies

L. destructor mite bodies express the 15 kDa and the 79/
93 kDa allergen components differently. MoAb 1112D8
(anti-15kDa) disclosed a labelling pattern of the mite
body which was widespread, with the most intense area
in the region of the mouth (Figs. 2a and b). The

Fig. 2. L. destructor mite bodies express a 15 kDa allergen.
Cryoseetions. 10/mi thick, were probed with (a and b) a MoAb
agaitist the 15-kDa allergen ot~ L. destructor (111 2D8) and stained
with the APAAP method using the chromogenic substrate Fast
Red. The sections were counterstained with Mayer's haema-
toxylin. The specificity test comprised replacement with a
subclass-matched irrelevant MoAb which showed tiegative
staining (c). In (a) a section is seen in ordinary light microscope
(xl50) and in (b) the same section is analysed in CLSM.
Extended focus projections are shown in (b and c). The intensity
of staining in{bandc) is colour-banded (range red-yellow-green-
blue-black, where red is the strongest). The staining is widespread
with localized parts In the regions of the mouth and the gut.
Bar = 50 ^m.
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exoskeleton was left unlabelled, Some staining was also
observed around the gastrointestinal tract, but whether
its content is labelled cannot be determined since the gut
content was generally lost during staining. In contrast.
MoAb 117F9 (anti-79/93kDa) stained the exoskelelon
along with the front part of the mite (Fig. 3a). Another
way to illustrate the binding of the MoAb (117F9) is
shown in Fig. 3b. which is an 'intensity map" projection
of Fig. 3a. No labelling was found with the culture
medium for L. destructor MoAbs or with irrelevant
subclass-matched MoAbs (Fig. 2c and 3c). The same
staining pattern of MoAbs 1112D8 and 117F9 was
obtained in sections from about 30 L. destructor mite
bodies.

Eaecal pellets

The majority of the faecal pellets from L. destructor were
labelled by MoAb 1112D8 (anti-15kDa) (Fig. 4a). In
contrast. MoAb I17F9 (anti 79/93 kDa) did not react
with the faecal pellets (Fig. 4b). No staining was obtained
with the irrelevant subclass-matched MoAb (Fig. 4c).
The same staining pattern was obtained in five different
batches of faecal pellets.

Discussion

L. destructor is the dominating mite species in Northern
Europe and the mite species that has so far gained most
interest [2,5]. Its principal allergen has a molecular
weight of about 15 kDa and is detected by more than
90% of fanners who are RAST positive to this mite
species [14]. The N-terminai amino acid sequence of this
allergen showed no homology with proteins included in
the Swiss data bank [24]. A major allergen of 14kDa of
Lepidoglyphus designated Lep d\[\5], which is probably
identical to the 15 kDa allergen, has been purified. We

Fig. 3. L. destructor mite bodies express a 79/93 kDa allergen.
Cryosections, 10/im thick, were analysed with CLSM after
being probed with (a and b) a MoAb against the 79/93kDa
allergen of L. destructor (117F9) and stained with the APAAP
method using the chromogenic substrate Fast Red. The sec-
tions were counterstained with Mayer's haemaioxylin. The
specificity test comprised replacemenl with a subclass-matched
MoAb which showed negative staining (c). Extended focus
projections are shown in (a and c). The intensity of staining is
colour-banded (range red-yellow-green-blue-black, where red is
the strongest). In (b) the staining is visualized with an 'intensity
map" projection of (a). The heights of the peaks are propor-
tional to pixel intensities (i.e. detected emitted light). The
staining pattern in the exoskeleton of the mite body is clearly
visualized. Bar = 50/im.
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(a)

(b)

have recently demonsirated that MoAb 117F9 (anti-79/
93 kDa) is restricted to L. destructor and crossreacts
neither with three different storage mites nor with two
house dust mite species. Furthermore, the 79/93 kDa
allergen complex should not be overlooked as a cause
of dust mite allergy, since nearly two-thirds of subjects
RAST positive to L. destructor detect this complex [18].

In the present study, we delected different locations of
the 15 kDa allergen and the high molecular weight
allergen complex (79/93 kDa) in L. destructor mite
bodies and faecal pellets with the use of MoAbs, Our
results indicate that the 15 kDa allergen has a widespread
distribution on the mite body. Like the binding pattern
of one of the major allergens of the dust mite Dermato-
phagoides, Der p I [25-27], the major allergen of Lepi-
doglyphus was localized to the head region and to some
extent also to the gut lining. The 15 kDa allergen was like
Der p I [25,27], excreted in the faecal pellets. Since the
gastrointestinal tract seemed to be empty in the body
sections, it cannot be ruled out that MoAb 1112D8
stained the content of the gut as well. In contrast to the
15-kDa allergen, the high molecular weight allergen
components. 79/93 kDa, seem to be located largely in
the exoskeleton. The 'intensity may' obtained with
CLSM disclosed that the 79/93 kDa allergen complex
gave an intense emission from the exoskeleton and the
front part of the body. Interestingly, the complex showed
negative staining of the faecal pellets.

We earlier reported the localization of the 39 kDa
allergen of L. destructor by probing mite sections with
either MoAbs directed against 39 kDa (42B6) or with
patient sera radioallergosorbent test (RAST) positive to
L. destructor [19]. The sera generally labelled the wail of
the L. destructor gut and to some extent also the faecal
pellets. The MoAb, on the other hand, additionally
stained parts of the exoskeleton and reacted with the
major part of the faecel pellets. From experiments where
we treated L. destructor extract wilh various agents we
concluded that the anti-39kDa MoAb recognizes the
carbohydrate part of a glycoprotein [2!].

Much interest has been focused on Dermatophagoides
regarding the function of mite allergens. The D. ptero-

Fig. 4. Faecal pellets belonging to L. destructor probed with (a)
a MoAb againsl the 15-kDa allergen of Z,. destructor (1112D8)
or with (b) a MoAb against the 79/93 kDa allergen (117F9), (c)
shows replacement with a subclass-matched irrelevant MoAb
1112D8. The pellets were stained with the APAAP method
using the chromogenic substrate Fast Red. Note the red
positive staining in (a), and that unstained faecel pellets (b
and c) have brownish colour. Magnification x370 in ordinary
tight microscope.
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nys.sinus allergens consist of a catalogue of enzymes
(protease, lysozyme, trypsin, amyiase and chymo-
trypsin) [28]. The group I and group II allergens are
recognized by nearly all mite-sensitized patients [29]. Der
p I, which is a cysteine protease [30], can be present in
faecal pellets at the very high concentration of 10 mg/ml
[31]. The group II allergens probably correspond to
lysozyme [32], whereas Der p IV corresponds to amyiase
[33]. Cloning and sequencing of the D. pteronyssinus
group III allergen has recently confirmed that they are
trypsin-like proteins [34]. Lepidoglyphus contains carbo-
hydrases, proteinases, phosphatases as well as esterases
[35]. The function of the 15 kDa, 39 kDa and 79/93 kDa
allergen complex is unclear. However, the presence of the
15 and 39 kDa allergens in faeces indicates that they
probably are involved in digestion. Future studies need
to focus on recombinant DNA technology for character-
ization of these allergens. In this way, not only can pure
allergens be produced more easily, but the respective
amino acid sequences of the allergens might be deduced
and compared with those of already described proteins
with known function.

The L. destructor allergens assessed in the present
study exhibited different labelling patterns. We chose
APAAP staining to visualize the 15 and 79/93 kDa
allergens since besides being rather permanent it can be
evaluated both under the standard light microscope and
with CLSM. In a brief preliminary communication we
have reported the advantages of CLSM for localizing
allergens in mites and yeast cells [23]. The knowledge of
the location of allergens clearly adds new information on
their biological properties.
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