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Characterization of Der p 21, a new important allergen derived

from the gut of house dust mites*

Background: The house dust mite (HDM) Dermatophagoides pteronyssinus is a
major allergen source eliciting allergic asthma. The aim of the study was to
identify new important HDM allergens associated with allergic asthma.
Methods: A cDNA coding for a new mite allergen, designated Der p 21, was
isolated using immunoglobulin E (IgE) antibodies from patients with allergic
asthma out of a D. pteronyssinus expression cDNA library and expressed in
Escherichia coli.

Results: Circular dichroism analysis of the purified allergen showed that rDer p
21 (14 726 Da) is one of the few mite allergens with an a-helical secondary
structure. The protein exhibited high thermal stability and refolding capacity,
and, as determined by small angle X-ray scattering, formed a dimer consisting of
two flat triangles. rDer p 21 bound high levels of patients’ IgE antibodies and
showed high allergenic activity in basophil activation experiments. Rabbit anti-
Der p 21 IgG antibodies inhibited mite-allergic patients’ IgE binding and
allowed the ultrastructural localization of the allergen in the midgut (epithelium,
lumen and faeces) of D. pteronyssinus by immunogold electron microscopy. Der
p 21 revealed sequence homology with group 5 mite allergens, but IgE and IgG
reactivity data and cross-inhibition studies identified it as a new mite allergen.
Conclusions: Der p 21 is a new important mite allergen which is liberated into the
environment via faecal particles and hence may be associated with allergic
asthma.
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More than 40 years ago mites were discovered as major
allergen sources in house dust (1). Today, mites are
recognized as one of the most common causes of allergy
worldwide, against which more than 50% of allergic
patients are sensitized (2). Mite allergen exposure leads to
the development of severe manifestations of allergy such
as asthma (3). The house dust mites (HDMs) Dermato-
phagoides pteronyssinus and farinae frequently occur in
the indoor environment in house dust and are considered
as the most important sources of mite allergy (4). The
allergens of D. pteronyssinus and farinae comprise more
than 30 proteins or glycoproteins that show extensive
immunological cross-reactivity (5). Since the isolation of
a cDNA coding for the major HDM allergen, Der p 1, 20
different groups of mite allergens have been identified and
characterized at the molecular level (6, 7). House dust
mite allergens belong to different classes of proteins,
among them enzymes and proteases as well as muscle or
cytoskeletal proteins (7).

Approximately 30% of the HDM-allergic patients
exhibit strong immunoglobulin E (IgE) reactivity to mite
species other than HDMs such as storage mites (8).
Studies performed with allergen extracts suggest that
there are cross-reactive as well as species-specific allergens
in Dermatophagoides species and nonpyroglyphid mites
(Lepidoglyphus destructor, Glycyphagus domesticus, Tyr-
ophagus putrescentiae) (9, 10). Therefore, mite allergic
patients may be either cross-sensitized or co-sensitized to
house dust and storage mites and hence diagnostic tools
are required to discriminate between sensitization to
house dust and other mites.

In this study we searched for new HDM allergens by
screening of a cDNA library constructed from D. pter-
onyssinus RNA with serum IgE from HDM allergic
patients. Among the isolated cDNA clones, one clone,
designated Der p 21, contained the cDNA coding for a
new 14.7 kDa allergen. The Der p 21 cDNA was expressed
as native-like protein in Escherichia coli, purified to
homogeneity and characterized by biochemical, biophys-
ical and immunological methods. Our results suggest that
Der p 21 is an important allergen which might be used for
diagnosis and treatment of HDM allergy.

Materials and methods
Human sera, allergens and rabbit antiserum

Sera were obtained from mite allergic patients (» = 200) living in an
urban area in Central Europe (Austria) with positive case history
and perennial symptoms indicative for mite allergy, and mite-specific
IgE antibodies (D. pteronyssinus-specific IgE >0.7 kU4/l) deter-
mined with the CAP-FEIA System (Phadia AB, Uppsala, Sweden).

Natural Der p 1 was isolated by affinity chromatography using
the monoclonal antibody 4C1 (11). Der p 5 (GenBank accession
number S76337) was expressed in E. coli and purified to homo-
geneity. Lep d 5 was expressed in E. coli and purified as described
(12). Blot t 5 was a gift from Kaw Y. Chua, Department of Pedi-
atrics, National University of Singapore.

Characterization of Der p 21

A rabbit antiserum was raised against rDer p 21 using Freund’s
adjuvant (Charles River, Kisslegg, Germany).

Construction and IgE immunoscreening of a Agt11 cDNA library

Dermatophagoides  pteronyssinus were obtained from Allergon
(Villinge, Sweden). The cDNA library was constructed as described
resulting in a Agtll expression cDNA library with 1.4 x 10° plaque
forming units (PFU) (13). PFU (3 x 10°) were immunoscreened with
pooled serum IgE from mite-allergic patients and IgE-reactive clones
were isolated as described (13). The serum pool consisted of five recently
described sera (number 1, V, VII, VIII, IX) with broad IgE reactivity
to D. pteronyssinus allergens (14). The cDNA inserts of 40 IgE-reac-
tive phage clones were polymerase chain reaction (PCR)-amplified
using Agtll primers, sequenced (MWG, Ebersberg, Germany) and
compared with sequences submitted to the GenBank database at the
National Center for Biotechnology Information (NCBI).

Isolation of Der p 21 cDNA and sequence analysis

Phage DNA of one clone, designated Der p 21, was isolated using a
liquid culture method (QIAGEN Lambda Midi Kit; Qiagen GmbH,
Hilden Germany). The cDNA of Der p 21 was subcloned into the
Kpnl/Sacl site of pUC 19, the ligation product transformed into
E. coli XL1 Blue (13), and both DNA strands sequenced (MWG).

The deduced amino acid sequence was compared with the
sequences deposited in the NCBI databases including SwissProt,
PIR, PRF, PDB. Related allergens and their sequences were
retrieved using the BLASTX program. Multiple sequence alignments
were done with the program CLUSTALW 1.82 at the EBI server. The
protein sequence of Der p 21 was analysed with tools of the ExPASy
proteomics server and the protein secondary prediction was per-
formed on the PSIPRED server.

Expression and purification of Der p 21 as recombinant allergen

The cDNA coding for the putative mature Der p 21 (nucleotide
number 81-443) was PCR amplified using forward: 5-GGAATT-
CCATATGTTTATTGTTGGTGA-3" and reverse: 5-GAATTC-
TTAATAATATTCATCCGGAT-3’ primers containing EcoRI und
Ndel restriction sites (underlined), subcloned into the plasmid pET
176 (Novagen, EMD, Madison, WI, USA) and sequenced.
Recombinant Der p 21 was expressed in E. coli BL21 (DE3) (Strata-
gene, La Jolla, CA, USA) as described (15). After cell lysis (15), the
soluble fraction, containing Der p 21, was dialysed against buffer A
[10 mM Tris—Cl pH 7.0, 4% isopropanol, 1 ml/l phenylmethylsul-
phonylfluoride (PMSF)] and applied to a DEAE Sepharose Fast
Flow column (GE Healthcare Bio-Sciences AB, Little Chalfont, UK).
The recombinant allergen was eluted by a 0-500 mM NaCl gradient.
Fractions containing the recombinant allergen were pooled, dialysed
against buffer B (10 mM Na,HPO, pH 4.0, 5 mM B-mercaptoetha-
nol, 1 ml/l PMSF) and applied to a SP Sepharose Fast Flow column
(GE Healthcare Bio-Sciences AB). The recombinant allergen was
eluted by a combined pH 4.0-7.0 and 0-500 mM NacCl gradient and
fractions containing more than 90% pure allergen were pooled and
dialysed against 10 mM Na,HPO,, pH 7.0.

Matrix-assisted laser desorption ionization mass spectrometry and
far-ultraviolet circular dichroism analysis of recombinant Der p 21

Purified Der p 21 was analysed by matrix-assisted laser
desorption ionization mass spectrometry (MALDI-MS) (piChem,
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Research and Development, Graz, Austria) as described
(15).

The CD analysis of Der p 21 was performed in 15 mM potassium-
phosphate buffer pH 6.9 at a concentration of 8.8 x 107° M on a
Jasco J-715 spectropolarimeter (Tokyo, Japan) using a 0.1 cm path-
length cell with cooling jacket connected to a water thermostating
device. The sample was heated to 95°C with a heat rate of 1°C/min
and cooled down at the same rate. A continuous temperature scan
from 20°C to 95°C was performed at 222 nm with a step resolution
of 0.5°C. Spectra in the wavelength range of 250 to 185 nm were
recorded with 0.2 nm resolution at the scan speed of 50 nm/min and
resulted from averaging three scans. The secondary structure con-
tent of the recombinant allergen was calculated using the program
CDSSTR (16).

Small angle X-ray scattering experiments

The synchrotron radiation X-ray scattering data were collected on the
X33 camera of the EMBL on the storage ring DORIS III (DESY,
Hamburg, Germany). The data were recorded using a MAR345 two-
dimensional image plate detector at a sample-detector distance of
2.7 m and a wavelength of A = 0.15 nm, covering the range of
momentum transfer 0.12 < s < 4.5 nm™! (s = 4z sin 0/, where 20
is the scattering angle). To check for radiation damage, the data were
collected in two successive 2-min exposures. The data were averaged
after normalization to the intensity of the incident beam and the
scattering of the buffer was subtracted. All data manipulations were
performed using the program package priMUS. Der p 21 protein
solution (in 10 mM HEPES buffer pH 7.0) was measured at two
different concentrations (1.75 and 3.5 mg/ml), and no concentration-
dependent change was observed. The low and high concentration data
were merged for the subsequent data analysis. The forward scattering
I(0) and the radius of gyration (R,) were evaluated using the Guinier
approximation (17). These parameters, and the maximum diameter
Dpax of the particle were also computed from the entire scattering
patterns using the program GNoM. The excluded volume V7, of the
particle was computed from the Porod invariant (18). The molecular
masses of the solutes were evaluated by comparison of the forward
scattering with that from reference solutions of bovine serum albumin
(MM = 66 kDa). The ab initio shape reconstruction was performed
using the program GAsBOR. The results from 10 separate runs were
averaged to determine common structural features using the program
DAMAVER. The structure of the Der p 21 dimer was further refined by
rigid body modelling using the program SASREF in P2 symmetry,
including contact information on the residues involved in the
dimerization as restraints. The scattering amplitudes from the crys-
tallographic model of a-spectrin (Protein Data Bank accession
number 1CUN; spectrin repeat 16, residues 7-115) were calculated
using the program crYSOL (19). To enhance the model and compen-
sate for missing amino acids, eight N- and six C-terminal residues
were added using the program BUNCH. Two alternative approaches
were used. The first approach assumed the monomer structure of
a-spectrin to be fixed whereas in the second approach the N-terminal
a-helix (residues 7-32) was attached to the rest of the molecule by a
flexible linker (residues 33-39) and formed the intermolecular dimer
interface. Both models were generated using P2 symmetry.

Immunogold electron microscopy

Rabbit IgG antibodies specific for Der p 21 were isolated by affinity
chromatography (ImmunoPure IgG Purification Kit; Pierce, Rock-
ford, IL, USA) from the antiserum of an immunized rabbit. The
preimmune Igs were used as control. Mites were grown in 150 cm?
vented cell culture flasks (Corning Incorporated, Corning, NY, USA)
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under controlled humidity (75% relative humidity) and temperature
(25°C) conditions. Adult D. pteronyssinus mites were pierced with a
fine needle for penetration of fluids and fixed for 6 days at 4°C with
6% (v/v) p-formaldehyde, 0.5% (v/v) glutaraldehyde in 0.2 M PIPES
buffer, pH 7.3. After dehydration in an ascending series of ethanol,
the mites were embedded in Lowicryl K4M resin polymerized at
—35°C using ultraviolet irradiation. Ultrathin sections (silver colour)
were placed on nickel grids and were exposed successively to the
following solutions [room temperature, moist chamber, phosphate-
buffered saline (PBS) buffer/0.1% (w/v) bovine serum albumin
(BSA), pH 7.3, Tris buffer/0.1% (w/v) BSA, pH 8.2]: (1) 5% (w/v)
BSA in PBS buffer, 15 min; (2) rabbit anti-Der p 21 antibodies, di-
luted 1 : 100in PBS buffer, 2 h; (3) PBS buffer, 2 x 5 min, Tris buffer,
1 X 5 min; (4) goat anti-rabbit IgG antibodies coupled to 10 nm
colloidal gold particles (BritishBioCell; Plano, Wetzlar, Germany),
1 h; (5) Tris buffer, 1 x 5 min, distilled water, 2 X 5 min. Controls
were run (1) by replacing the specific anti-Der p 21 antibodies by the
preimmune antibodies and (2) by omitting the anti-Der p 21 anti-
bodies from the labelling protocol. After immunolabelling, sections
were stained with uranyl acetate and lead citrate and analysed in a
Hitachi H 500 TEM (Nissei Sangyo, Tokyo, Japan) and Philips EM
410 (FEI Company, Eindhoven, The Netherlands) at 75 and 80 kV,
respectively.

Measurement of rDer p 21 and nDer p 1-specific serum IgE levels
by Streptavidin ImmunoCAP

rDer p 21 and nDer p 1 were dialysed against a carbonate buffer
(0.1 M NaHCO3;, 1 M NaCl) and biotinylated for 3 h at room
temperature with a fivefold molar excess of biotinamidohexanoyl-6-
amino-hexanoic acid N-hydroxy-succinimide ester (NHS-Biotin;
Sigma, St Louis, MO, USA) (20). Un-reacted biotin was removed
by extensive dialysis against PBS. Prewashed Streptavidin Immu-
noCAPs (Phadia AB) were loaded with 50 pl biotinylated allergen
(100 pg/ml), incubated for 30 min, washed and used for the mea-
surement of allergen-specific IgE by ImmunoCAP 100° (Phadia
AB). Serum IgE levels specific for rDer p 21 and nDer p 1 were
determined in sera from 13 mite-allergic patients containing IgE
antibodies both to rDer p 21 and nDer p 1 and, for control pur-
poses, in serum from a nonallergic individual by ImmunoCAP
measurements (Phadia AB).

IgE binding assays and IgE inhibition experiments

The frequency of IgE reactivity to Der p 21 was analysed in a
nondenaturing dot blot assay using sera from mite-allergic patients
and from one nonallergic individual as described (14).

Der p 21 and Der p 5 double-positive sera (n = 9) were used to
study cross-reactivities between Der p 21 and Der p 5. Thirty Der p
21-positive sera were tested for IgE reactivity to rLep d 5 and rBlo t
5. Among the latter, six Lep d 5 and Der p 21-double-positive sera
and three Blo t 5 and Der p 21 double-positive sera were found
which could be used for inhibition experiments. Inhibitions were
performed by pre-adsorbing 1 : 10 diluted sera with 10 pg/ml pro-
tein at 4°C overnight. Nitrocellulose dotted proteins (0.5 pg/dot)
were incubated with the pre-adsorbed sera and bound IgE anti-
bodies were detected as described (14).

Basophil activation assays (histamine release assay, rat basophil
leukaemia cell mediator release and CD203c expression)

Peripheral blood mononuclear leucocytes from a D. pteronyssinus-
allergic individual were incubated with nDer p 1, rDer p 5 or



Characterization of Der p 21

rDer p 21 (10_6*1_ug/m1) and histamine release was measured in From the IgE-reactive clones, one clone which coded for
triplicates as described (21). ‘ ‘ a new mite allergen according to sequence analysis was
Upregulation of CD203c expression on basophils after allergen selected for further characterization. The sequence anal-
exposure (rDer p 21, rDer p 5, rBlo t 5, rLep d 5) was measured as . . .
described (22). ysis reveal@d that the CDNA contalneq a 42Q base pair
For the B-hexosaminidase release assays, rat basophil leukaemia qpen re;admg frame encoding a 140 amino acid polypep-
(RBL)-2H3 (RBL-703/21 transfected with the cDNA coding for the tide with a calculated molecular mass of 16 531 Da
human high-affinity IgE receptor chain) cells were plated in 96-well (GenBank accession number DQ354124). The N-terminal
tissue cultqre pla_tes (1x 105/w§ll) (23). Afte:r passive sensitization of sequence of 19 amino acids of Der p 21 corresponded to a
ge Ce”ls "C‘i’}lth mltf’l'allerglc ll’lagems Sira.WIth IgE (tio Dgrbp 2 (11 ;nd signal peptide. According to computer-aided prediction
er p 1 (dilution 1 : 30), cell degranulation was induced by adding and according to sequence similarity with mature Der p 5,
0.01-100 ng/ml nDer p 1 or rDer p 21. The B-hexosaminidase th t D 2 i d t tart with th
release was measured as described (24). € ma ure; er p = Is assume 0 start w1 ,e
phenylalanine at position 20 (27). The mature protein
including the start codon contained 122 amino acid
ELISA assay residues with a calculated MM of 14 726 Da and an

rDer p 21, rDer p 5, rLep d 5 and rBlo t 5 (5 ug/ml in PBS) were isoelectric point of 5.25. Amino acid similarity searches

coated on an ELISA plate (Nunc, Roskilde, Denmark), incubated revealed that the deduced amino acid sequence of Der p
with 1: 10 000 diluted rabbit anti-Der p 21 antiserum and the 21 showed similarity to group 5 allergens of other mite
corresponding pre-immune serum and bound Ig antibodies were species (Fig. 1A). Closer sequence identity (49%) was
detected with 1 : 2000 diluted HRP-conjugated donkey anti-rabbit observed with the group 5 allergen from Lepidoglyphus
Ig antibodies (GE Healthcare Bio-Sciences AB) as described (15). destructor (NCB accession number Q9U5P2). Significant

identity was also noted with the group 5 allergens from
Mite extracts and immunoblots Blomia tropicalis (NCB accession number 096870) (41%)

. ' and Dermatophagoides pteronyssinus (NCB accession
Allergen extracts from Glycyphagus domesticus, Lepidoglyphus number P14004) (32%). No significant homologies with

destructor, Blomia tropicalis, Tyrophagus putrescentiae, Dermato- . .
. . . ) other known proteins and domains were found.
phagoides pteronyssinus and Dermatophagoides farinae (Allergon)

were prepared by homogenizing 0.3 g mites in 5 ml SDS buffer as

described (25). Equal amounts of each extract were separated by Expression and purification of the recombinant allergen

14% SDS-PAGE and blotted onto nitrocellulose (Schleicher & P P g

Schuell, Dassel, Germany). Membranes were incubated with rabbit Der p 21 was expressed as nonfusion protein in the
antibodies specific for Der p 21 and the corresponding preimmune soluble fraction of E. coli extracts. Using several consec-

serum (dilution 1 : 1000) and bound antibodies were detected as

described (26). utive purification steps, a protein migrating at approxi-

mately 14-15 kDa was obtained (Fig. 1B). The MM of
the purified protein determined by MALDI-MS
(14 725 Da) (Fig. 1C) is in agreement with the protein
migration in SDS-PAGE and the MM calculated from
Isolation and characterization of a cDNA coding for Der p 21 the deduced aa sequence (14 726 Da).

Analysis of the far-ultraviolet circular dichroism (UV—
CD) spectrum of Der p 21 at room temperature showed a

Results

A D. pteronyssinus Agtll cDNA library was immuno-
screened with a serum pool from mite-allergic patients.

—
A 1 21 41 B by 100 14724.9
Derp 21 MKFIITLFAA IVMAAAVSGF IVGDKKEDEW RMAFDRLMME ELETKIDQVE .
Lepd5 -DF -NE----LIH MT-EQFAKL- M 8 90
Blot5 ---A-V-I-C FAASVLAQE - --KP-K-DF -NE--H-LI- QANHA-EKG- 220 —
Derp5 ----- AF-V- TLAVMT---: -:E---H-+Y QNE--F-L-- RIHEQ-KKG- (95(75 — 80
61 81 45 70
Der p 21 KGLLHLSEQY KELEKTKSKE LKEQILRELT IGENFMKGAL KFFEMEAKRT 30 60
Lepd5 QA-A---H-V T----S---- -- A----- IS --LD-IDS-K GH--R-L--A -
Blot5 HQ--Y-QH-L D--NEN---- -Q-K-I---D VVCAMIE--Q GAL-R-L--- 20.1 50
Derp5 LA-FY-Q--I NHF-EKPT-- M-DK-VA-MD TIIAMID-VR GVLDRLMQ-K 40
14.3
101 121 - e 30
Der p 21 DLNMFERYNY EFALESIKLL IKKLDELAKK VKAVNPDEYY kDa 20
Lepd5 ---LA-KF-F -S--STGAV- H-D-TA--T- ---IETK
Blot5 ---IL--F-- -E-QTLS-I- L-D-K-TEQ- --DIQTQ 10
Derp5 --DI--Q--L -M-KK-GDI- ERD-KKEEAR --KIEV . N L A :
12 000 14 000 16 000

Mass/Charge
Figure 1. Purified rDer p 21. (A) Der p 21 was compared with group 5 allergens. Amino acids identical to Der p 21 are indicated with

hyphens and points represent gaps. (B) SDS-PAGE gel containing 3 pg of purified rDer p 21 (M = molecular mass marker). (C) Mass
spectroscopical analysis. The signal intensity is displayed on the y-axis.
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Figure 2. (A, left) UV-CD spectra at us20 =20°C, us95=95°C and after cooling at ds20 =20°C. (A, right) Thermal unfolding (us) and
refolding curves (ds). (B) X-ray scattering pattern from Der p 21 (dots), from ab initio (full line), from the crystallographic triple-coiled
(long dashed line) and from double coiled model (short dashed line). (C, D) Two ab initio bead models of Der p 21.

typical o-helical spectrum with two minima at 208 and
222 nm and a large maximum at 192.5 nm (Fig. 2A).
Secondary structure analysis using the program CDSSTR
with the reference data set 3 yielded 88% a-helix, 5%
B-sheet, 2% turns and 4% random coil structure with an
excellent fit (normalized root-mean-square devia-
tion = 0.007). Upon heating the protein unfolded only
partially even at 95°C (Fig. 2A, left). The transition
temperature T could not be determined accurately due
to the limited heating range, but was estimated to lie
between 94 and 100°C according to the shape of the
unfolding curve. Upon cooling to room temperature Der
p 21 almost completely restored its structure, indicating
high heat stability and refolding capacity (Fig. 2A).

Solution structure of Der p 21

In order to investigate the solution structure of Der p 21
we performed small angle X-ray scattering experiments
(SAXS). The experimental SAXS curve from Der p 21 is
displayed in Fig. 2B. The estimated MM of the protein,

762

26 + 4 kDa, is compatible with a dimer structure. This
finding is further corroborated by the excluded volume of
the sample (50 + 5) nm°, noting that for sufficiently large
globular proteins the hydrated volume in nm® should
numerically be about twice the MM in kDa. The values of
Ry (2.65 + 0.15) nm and Dyax (8.5 + 0.5) nm exceed
significantly those from the monomer part and also point
to the dimer formation. According to the p(r) function the
shape of the dimer is rather elongated (Fig. 2B, inset). To
reconstruct the shape of Der p 21 at low resolution, 10 ab
initio models (discrepancies y = 1.97 + 2.19 from the
experimental curve) were calculated using the program
GASBOR. The most typical ab initio model of Der p 21
according to the program DAMAVER is presented as an
envelope in Fig. 2C,D. It is in agreement with the
proposed elongated shape of the particle. The envelope
of the averaged models adopts the shape of two flat
triangles related by twofold symmetry. The maximum
dimension of the envelope amounts to 8.7 nm. To further
refine the structure of the Der p 21 dimer, rigid body
modelling was performed in terms of two high-resolution



triple coiled-coil domain models related by twofold
symmetry. The model consists of the spectrin repeat 16
of chicken a-spectrin (amino acids 7-115 of the crystal
structure ICUN). The missing eight N- and six C-termi-
nal residues were added using the program BUNCH and the
best model yielded a fit of comparable quality (y = 2.39)
to the ab initio models (Fig. 2B). This model, obtained
without distance constraints between monomers, overlaps
well with the most typical ab initio shape, but has a quite
small dimer interface area (Fig. 2C). In order to allow for
a more intimate dimer interface, an alternative approach
was applied in which the N-terminal helix (residues 7-32)
was connected to the residual molecule by a flexible linker
(residues 33-39) and was allowed to move during rigid-
body refinement (Fig. 2D). This model yields an even
better fit to the experimental data with y = 1.75
(Fig. 2B). In the refined dimer the N-terminal helices
form an intermolecular anti-parallel dimeric coiled-coil,
whereas helices 2 and 3 form intramolecular dimeric
coiled-coils. In Fig. 2C,D the two models were super-
imposed onto the envelope generated from the averaged
ab initio models.

Localization of Der p 21 in gut epithelial cells of HDMs by
immunogold electron microscopy

Figure 3A shows a part of the whole body of
D. pteronyssinus at low magnification. This part includes
a cross-section of the midgut. The inner surface wall of
the midgut is lined with epithelial cells (GE), which have
numerous short microvilli (MI) facing the lumen. The
lumen of the midgut is partly filled with food materials
under digestion (DF). In Fig. 3B, a detail of an epithelial
cell is shown at higher magnification. An extensive rough
endoplasmic reticulum (ER) is seen stacked throughout
the cell. A number of electron-dense droplet-like bodies
(SD), probably transport vesicles, are observed in the
cytoplasm of the cell. They contain numerous gold
particles representing the sites of Der p 21 in the cell.
Gold particles were also found associated with the
cytoplasmic matrix, the endoplasmic reticulum and the
microvilli (MI). Figure 3C shows a detail of the microvilli
adjacent to the gut lumen at high magnification. Large
clusters of gold particles were associated with microvilli
and irregularly shaped cytoplasmic material that was
found in the lumen of the gut between the microvilli and
the food under digestion. Few gold particles were found
in the digested food. Only very few nonspecifically
adsorbed gold particles were found after incubation with
the control antibodies (Fig. 3D).

Der p 21 is an important, potent and new HDM allergen distinct
from group 5 mite allergens

rDer p 21 was tested for its IgE binding capacity by dot-
blot analysis in a first population of 117 D. pteronyssinus
allergic patients. Der p 21-specific IgE antibodies were

Characterization of Der p 21

Figure 3. Localization of Der p 21. (A) Gut, (B, C) details of the
gut epithelium and lumen after incubation with anti-Der p 21
antibodies and (D) with control antibodies. Arrows point to
gold particles (black dots). GE, gut epithelium; MI, microvilli;
LU, lumen; DF, digested food; CU, cuticle layer; ER, rough
endoplasmic reticulum; SD, electron-dense-bodies. Bars: A,
1 pm; B-D, 0.3 pm.

detected in 30 D. pteronyssinus-allergic patients’ sera
(26%). In comparison, 31% of the patients exhibited
serum IgE reactivity to rDer p 5 (36 patients) and 21%
recognized both, rDer p 21 and rDer p 5 (24 patients). Five
per cent of the patients showed IgE reactivity to rDer p
21 but not to rDer p 5 (six patients) and 10% reacted
with rDer p 5 and not with rDer p 21 (12 patients).

The amount of IgE antibodies directed to Der p 21 and
Der p 1 was determined by allergen-specific Streptavidin
ImmunoCAP. Thirteen mite-allergic patients with IgE
reactivity to Der p 21 and Der p 1 were tested with Der p
21- and Der p 1-specific ImmunoCAPs (Table 1). IgE
antibody levels to Der p 21 were between 2.57 and
95.9 kU 4/l (Class 2-5) and levels to Der p 1 were between
5.33 and >100 kU,/1 (Class 3-6). Serum from a nonal-
lergic individual showed no IgE reactivity.

As Der p 21 showed sequence homology to the group 5
allergens from different dust mites, we investigated
whether there is IgE cross-reactivity between Der p 21
and group 5 allergens (Der p 5, Lep d 5, Blo t 5). As
mentioned before, from the 30 Der p 21-positive patients,
six did not react with Der p 5 and from the 36
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Table 1. IgE antibody levels (kUa/1) specific for rDer p 21 and nDer p 1

rDer p 21 nDer p 1
Patient Conc (kUa/1) Class Conc (kUa/1) Class
1 14.60 3 11.70 3
2 65.40 5 144.00 6
3 54.40 5 144.00 6
4 4750 4 30.30 4
5 8.61 3 10.30 3
6 72.80 5 136.00 6
7 2.86 2 15.50 3
8 8.46 3 11.20 3
9 34.70 4 80.50 5
10 2.57 2 5.33 3
" 95.90 5 147.00 6
12 36.50 4 88.30 5
13 9.29 3 36.30 4
Mean 34.89 66.19
NC <0.35 0 <0.35 0

kUa/I, kilo units antigen/litre. NC, negative control (nonallergic individual).

Der p 5-positive patients 12 did not react with Der p 21.
In order to study cross-reactivity between Der p 21 and
Der p 5, patients’ sera containing IgE antibodies to Der p
21 and Der p 5 were pre-incubated with rDer p 21 or rDer
p 5, which caused complete auto-inhibition of IgE
binding to the allergen (Fig. 4A). rDer p 5 did not cause
relevant inhibition of IgE binding to Der p 21 and vice
versa in eight of nine sera demonstrating that Der p 21
and Der p 5 are independent allergens.

Cross-reactivity between Der p 21, Lep d 5 and Blo t 5
was studied with additional 30 Der p 21-reactive sera.
Only six sera reacted with Lep d 5 and even less (n = 3)
showed IgE reactivity to Blo t 5. With the exception of
one serum (patient 5), reactivity of these sera to Lep d 5
and Blo t 5 was much weaker than to Der p 21
(Fig. 4B,C). A relevant inhibition of IgE reactivity to
Lep d 5 and Blot t 5 by Der p 21 was only observed in one
patient for Blo t 5 (patient 6) and in one patient for Lep d
5 (patient 21) (Fig. 4B,C) whereas neither Lep d 5 nor Blo
t 5 induced a relevant inhibition of IgE reactivity to Der p
21.

rDer p 21 shows allergenic activity in basophil activation
experiments

The allergenic activity of rDer p 21 was evaluated by
basophil degranulation experiments (Fig. 5). As shown
for a mite-allergic patient containing Der p 21-, Der p 5-
and Der p 1-reactive IgE antibodies, Der p 21 and Der p 5
induced maximal histamine release already at very low
allergen concentrations (107°~10"* ug/ml) (Fig. 5A, left),
whereas nDer p 1 induced maximal histamine release at
107 pg/ml. Similar results were obtained when the
allergenic activity of Der p 21 was assessed with RBL
cells that had been transfected with the human FceRI
(Fig. 5B). Cells were loaded with mite-allergic patients’
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Figure 4. Lack of relevant IgE cross-reactivity between Der p
21 and group 5 allergens. Patients with simultaneous IgE reac-
tivity to (A) Der p 21 and Der p 5, (B) Der p 21 and Lep d 5, (C)
Der p 21 and Blo t 5 were pre-adsorbed with proteins (top) and
then exposed to nitrocellulose-dotted proteins (left). NC, non-
allergic individual.

IgE and stimulated with various concentrations of Der p
21 and Der p 1. nDer p 1 was more allergenic than rDer p
21 in two patients, but rDer p 21 exhibited allergenic
activity which was comparable (patient 21) or even better
(patient 25) than that of nDer p 1 in certain patients
(Fig. 5B).

Basophils from additional mite-allergic patients
(patients 2, 7, 8) were incubated with various concentra-
tions of Der p 21, Der p 5, Lep d 5 and Blo t 5 and the
upregulation of the basophil activation marker CD203c
was determined (Fig. SA). Der p 21 as well as Der p 5
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Figure 5. Allergenic activity of rDer p 21. (A) Induction of
specific histamine release (patient 1), upregulation of CD203c
expression (patients 2, 7, 8) and (B) induction of B-hexosamin-
idase release from humanized RBL cells sensitized with sera
from patients 9, 21, 24 and 25. S/, stimulation index; Ag,
allergen.

induced upregulation of CD203c expression at concen-
trations between 1 and 100 ng/ml. Lep d 5 did not induce
upregulation of CD203c expression up to a concentration
of 1 pg/ml, whereas incubation of basophils with 1 pg/ml
of Blo t 5 induced CD203c upregulation in each of the
patients.

Der p 21 represents a new allergen which is specific for
D. pteronyssinus and D. farinae

Rabbit IgG antibodies raised by immunization with Der
p 21 reacted strongly with Der p 21, but not with Der p 5

Characterization of Der p 21
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Figure 6. Anti-Der p 21 antibodies specifically detect the aller-
gen in house dust mites. (A) Reactivity of Der p 21-specific IgG
to mite allergens. (B) IgG-reactivity of Der p 21 specific anti-
bodies with mite extracts. G, Glycyphagus domesticus; L, Lepi-
doglyphus destructor; B, Blomia tropicalis; T, Tyrophagus
putrescentiae; DP, Dermatophagoides pteronyssinus; DF, Der-
matophagoides farinae. Pre-immune- (1) and immune serum (2).

or Blot t 5, and only a very weak reactivity with Lep d 5
was observed. No reactivity was obtained with the pre-
immune serum (Fig. 6A). To test whether homologous
and cross-reactive allergens to Der p 21 are present in the
mites Glycyphagus domesticus, Lepidoglyphus destructor,
Blomia tropicalis, Tyrophagus putrescentiae, Dermato-
phagoides pteronyssinus and Dermatophagoides farinae,
extracts of these mite species were tested with rabbit anti-
Der p 21 serum (Fig. 6B). The rabbit serum reacted
specifically at approximately 14 kDa with the HDMs
D. pteronyssinus and D. farinae but showed almost no
reactivity with storage mites and the tropical mite
B. tropicalis in the 14 kDa region and with high molec-
ular weight moieties >28 kDa representing dimers and
oligomers. This result indicates that Der p 21 is specific
for HDMs.

Discussion

In the present study we have isolated a cDNA coding for
a 14.7 kDa HDM allergen from a Dermatophagoides
pteronyssinus expression cDNA library using serum IgE
from D. pteronyssinus-allergic patients. Sequence analysis
revealed that Der p 21 exhibits an average amino acid
sequence identity of approximately 40% with group 5
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mite allergens but it represents an independent HDM
allergen, because no relevant IgE cross-reactivity between
Der p 21 and Der p 5 could be detected. Among 30 Der p
21-positive sera only 6 and 3 showed weak IgE reactivity
with Lep d 5 and Blo t 5, respectively and again no
relevant cross-reactivity was detected. This finding sug-
gests that Der p 21 is also an allergen distinct from Lep d
Sand Blo t 5.

The clinical importance of Der p 21 is underlined by
two findings. First, we found in a European population of
HDMe-allergic patients that approximately the same
percentage of patients showed IgE reactivity with Der p
21 as with Der p 5, an important mite allergen (28).
Second, Der p 21 binds high levels of IgE antibodies from
mite-allergic patients and had high allergenic activity.

Mite faeces have been identified as a major source for
HDM allergens (2). Using immunogold electron micros-
copy we could localize Der p 21 in the microvillous
midgut of HDMs. We found that Der p 21 is associated
with the endoplasmatic reticulum, electron-dense droplets
which represent presumably transport vesicles, the cyto-
plasmic matrix, microvilli and also with detached cyto-
plasmatic material. Furthermore, we found that Der p 21
was also associated with digested food indicating that the
allergen is mainly liberated via mite faeces.

The CD analysis of Der p 21 revealed that the allergen
represents a heat-stable protein and one of the few HDM
allergens known today with an exclusive a-helical second-
ary structure. Stability is a common feature for several
allergens and is a crucial factor for allergenicity of proteins
because it allows these proteins to survive in the environ-
ment in a folded manner. Coiled-coil regions were
predicted for the entire a-helical sequence range. Based
on these predictions it was suggested that Der p 5 and other
group 5 allergens adopt a triple coiled-coil structure (19,
29). Due to the high sequence identity with group 5 mite
allergens and the conserved heptad-repeats we assumed
that Der p 21 also forms a triple coiled-coil structure.

The triple-coiled model as well as a double-coiled
model fit the envelope reasonably well. However, given
that the former model displays very poor contacts
between the triple-coiled monomers, the double-coiled
model appears to be more probable. It is interesting in
this context, that many coiled-coil proteins have been
identified as strong antigens and that roughly a third of
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