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The most important indoor allergens for humans are
house dust mites (HDM). Fourteen Dermatophagoides
farinae allergens (Der f 1–3, 6, 7, 10, 11, 13–18, and 22) are
reported although more than 30 allergens have been es-
timated in D. farinae. Seventeen allergens belonging to 12
different groups were identified by a procedure of pro-
teomics combined with two-dimensional immunoblotting
from D. farina extracts. Their sequences were determined
by Edman degradation, mass spectrometry analysis, and
cDNA cloning. Their allergenicities were assayed by en-
zyme-linked immunosorbent assay inhibition tests, immu-
noblots, basophil activation test, and skin prick tests.
Eight of them are the first report as D. farinae allergens.
The procedure of using a proteomic approach combined
with a purely discovery approach using sera of patients
with broad IgE reactivity profiles to mite allergens was an
effective method to investigate a more complete reper-
toire of D. farinae allergens. The identification of eight
new D. farinae allergens will be helpful for HDM allergy
diagnosis and therapy, especially for patients without re-
sponse for HDM major allergens. In addition, the current
work significantly extendedthe repertoire of D. farinae
allergens. Molecular & Cellular Proteomics 12: 10.1074/
mcp.M112.027136, 1818–1828, 2013.

The house dust mites (HDM)1 are major sources of indoor
allergens for humans, which induce asthma, rhinitis, dermati-
tis, and other allergic diseases (1). Extensive studies have
been conducted to understand the biological, chemical, and
structural properties of dust mite allergens. Most of the best
characterized allergens are from dust mites Dermatophagoi-

des pteronyssinus and D. farinae (Acari: Pyroglyphidae).
Twenty-three groups of dust mite allergens are listed in the
(IUIS) nomenclature data set, and 21 of them have been
identified from Dermatophagoides spp (http://www.allergen.
org/). There is an extreme diversity of dust mite allergens.
Western blotting studies with human sera containing high
levels of anti-mite IgE showed more than 32 bands with
molecular weights ranging from 11 to greater than 100 kDa
(2). Two groups of mite allergens (group 1 and 2) have been
extensively studied. They are a 25-kDa cysteine protease and
a 14-kDa epididymal protein, respectively. More than 80% of
humans with house dust mite allergy mount an IgE response
to the group 1 and more than 90% to the group 2 (3–6).

The group 1 and 2 molecules are major allergens in HDMs
but about 20% of patients do not have IgE antibody to the two
group allergens (3). It has been found that there are also many
other HDM allergens containing high IgE binding activity al-
though these are present in low and variable concentrations in
mite extracts (minor allergens), usually at less than 1% of the
group 1 and 2 allergens (3). Allergens present in low amount
in mite extracts, which can induce high titers of IgE, suggest
that they are potent at low concentration. Another possibility
is that the amount of allergen required to induce allergic
responses in the airways is more than that required to induce
IgE. It has been estimated that there are at least 30 allergens
in the extracts of D. farinae by SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) combined with autoradiography
analysis (7). Two-dimensional (2-D) immunoblotting has been
applied to study mapping of D. farinae mite allergens (7).
Seven allergens including Der f 1, Der f 2, Der f 3, Der f 4, Der
f 5, and 2 high molecular mass allergens, which share signif-
icant homologies with allergen Mag 3 from D. farinae and with
a chitinase from prawn Penaeus japonicus, have been identi-
fied from the 2-D immunoblotting analysis (7). Up to now, 14
allergens from D. farinae have been named. Most of them are
in the molecular weight range of 14 to 60 kDa. Given the
extreme diversity of mite allergens, many investigations with
novel allergen identification are still in progress or are yet to be
undertaken. It is well known that many mite allergens are not
identified on the basis of two possible reasons: (1) it is difficult
to purify and characterize minor allergens because they pres-
ent in low concentration in mite extracts; (2) some minor
allergens are neglected because of their minor amount or
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abilities to only induced allergy to a minor population. It is
necessary to develop efficient procedure with high accuracy
and resolution to purify and characterize allergens from mite
extracts. In this work, 17 allergens or their isoforms have been
identified from the mite extracts of D. farinae by a procedure
of proteomics combined with two-dimensional immunoblot-
ting. Eight of them are the first to be reported as mite
allergens.

MATERIALS AND METHODS

Patient Selection and Skin Prick Test (SPT)—Sera were collected
from 41 asthmatic patients who had a positive skin reaction to crude
D. farinae extract and the positive skin tests were further confirmed by
measuring D. farinae-specific IgE antibodies with the CAP System
(Pharmacia & Upjohn Diagnostics AB, Uppsala, Sweden). Of these
patients, 15 (42%) are children from 10 to 18 years of age (mean 14.3
years) and 21 (58%) are adults from 20 to 55 years of age (mean 41.6
years). In addition, sera from 16 healthy individuals with a negative
SPT response to crude D. farinae extract were collected as negative
controls. SPTs with D. farinae extract or purified allergens were per-
formed by using the single-prick technique according to the method
of Dreborg (8). Negative (sodium chloride) and positive (histamine, 5
mg/ml) controls were used for the comparison. Skin response was
observed after 15 min and defined as positive when the presence of
a wheal was 3 mm larger than the negative control.

Approval to conduct these studies was obtained from the ethics
committee of the Institutional Review Board of the Kunming Institute
of Zoology, Chinese Academy of Sciences. All participants were
provided written informed consent for the use of blood samples and
skin test before study entry (supplemental Fig. S3).

D. farinae Culture and D. farinae Extract Preparation—According to
Sasa’s method (9), dust mites were reared at 25°C with a relative
humidity of 80%. The culture medium consisted of yeast extract and
mouse diet. Mites were isolated from the medium by using a modified
heat-escape method. About 8.0 grams of dust mites were homoge-
nized in 0.05 M Tris-HCl, pH 8.0 and centrifuged at 10,000 rpm for 30
min under refrigeration. The supernatant was termed dust mite ex-
tract (DME) and lyophilized.

Allergens Purification from DME—The lyophilized DME sample was
dissolved in 100 ml of 0.05 M Tris-HCl, pH 8.0. Aliquot of 10 ml was
loaded on a Sephadex G-75 (Superfine, Amersham Biosciences;
26�100 cm) gel filtration column pre-equilibrated with 0.05 M Tris-HCl
pH 8.0. The elution was performed with the same buffer at a flow rate
of 0.3 ml/min, with fractions collected of 3.0 ml. The eluted fractions
were monitored at 280 nm and assayed for the allergenicity. Fractions
with allergenicity were pooled and further purified by Resource Q
anionic exchange column (1 ml volume, GE Healthcare) on a AKTA
explorer fast protein liquid chromatography (FPLC) system (GE
Healthcare) as illustrated in Fig. 1.

2-D Electrophoresis (2-DE) and Immunoblotting Analysis with Sera
from Patients with Dust Mite Allergy—Fractions with allergencity from
the Sephadex G-75 gel filtration were pooled and treated further with
2-D Clean-Up Kit (GE Healthcare BioScience) following manufactur-
er’s instructions. Briefly, 50 �l sample was mixed with 300 �l precip-
itant and co-precipitant, and then incubated for 15 min on ice. The
mixture was centrifuged at 12,000 � g for 5 min. After removing the
supernatant, the precipitate was washed with 1 ml washing buffer and
5 �l washing additive until the pellets are fully dispersed, and then
incubated at - 20°C for 30 min. The mixture was further centrifuged at
12,000 � g for 5 min, and the supernatant was discarded. After air
drying the pellet briefly, the precipitate was resuspended in 125 �l
rehydration buffer (8 M Urea, 0.5% w/v 3-[(3-cholamidopropyl)-

dimethylammonio]propanesulfonate, 0.2% w/v dithiotreitol (DTT),
0.2% v/v IPG stands for immobilized pH gradient buffer pH 3–10).

Isoelectric focusing (IEF) was performed using 7 cm, PI 3–10 non-
linear IPG strips (GE Healthcare BioSciences). The rehydration buffer
(125 �l) containing about 50 �g sample was loaded onto the IPG strip,
and then the IPG strips were rehydrated overnight at room tempera-
ture in Strip Holders (GE Healthcare BioSciences), and focused at 50
�A/IPG strip for a total of 6.0 kVh at 20°C using the Ettan IPGphor III
system (GE Healthcare BioSciences). After focusing, the strips were
washed in equilibration solution (ES) containing 6 M urea, 30% v/v
glycerol, 2% w/v SDS and 0.1% w/v bromphenol blue. The solution
used in the first equilibration step was ES plus 1% DTT. ES containing
4.8% w/v iodoacetamide was used for the second equilibration. Each
equilibration lasted for 15 min. After two steps equilibration, IPG strips
were washed with SDS-PAGE running buffer (25 mM Tris, 192 mM

glycine, and 0.1% w/v SDS) and applied onto the top of 12% SDS-
PAGE gels using S.E. 260 vertical electrophoresis systems (GE
Healthcare BioSciences). Gels were run at 20 mA/gel at 10 °C until
bromphenol blue dye reached the bottom of each gel. Gels were
either stained with Coomassie or transferred to polyvinylidene diflu-
oride membranes. Coomassie blue stained gels were scanned and
analyzed by ImageScannerTM and ImageMasterTM 2D platinum.

Proteins in 2-D gels were transferred to polyvinylidene difluoride
membranes (Millipore). Membranes were blocked with 3% bovine
serum albumin (BSA) for 2 h at room temperature and incubated
overnight at 4 °C with the pooled serum from dust mite allergic
patients diluted at a ratio of 1:20 v/v, followed by 1:2500 diluted
peroxidase-labeled anti-human IgE monoclonal antibody (KPL, Inc.,
Gaithersburg, MD). After agitation for 1 h at room temperature and
washing three times with PBS, IgE binding proteins were visualized by
using the enhanced chemiluminescence ECL reaction (Amersham
Biosciences) and exposed to Kodak Imaging film. Normal human
serum (detected by Pharmacia Unicap 100 system) from healthy
subjects with no history of dust mite allergy was used as a negative
control.

Structural Analysis—The N-terminal peptide and partial interior
peptide fragments produced by trypsin hydrolysis were undertaken
by automated Edman degradation on an Applied Biosystems pulsed
liquid-phase sequencer, model 491 (Applied Biosystems, Foster City,
CA). The mass spectra were obtained by using nano-electrospray
quadripole time of flight (ESI-QUAD-TOF) mass spectrometry (QTOF
II, Micromass, Manchester, UK). The instrument was operated in a
positive ion mode under the following parameters: capillary voltage,
3.0 Kv; nebuliser gas (N2) flow rate, 80 L/h; desolvation gas (N2) flow
rate, 400 L/h. A range of different collision energies were used de-
pending on the m/z value of the selected precursor to produce
optimal fragmentation. The peaklist-generating software was Mascot.
dll v1.6b23 (Applied Biosystems), and the search engine used was
Mascot Version 2.1.0 (Matrix Science, London, UK), the database
searched was NCBI nr (2011. 11. 09; 16044589 sequences). The
following search parameters were used: trypsin was used as the
cutting enzyme for cutting the C-term side of arginine and lysine
unless next residue is proline, and the one missed cleavage was
permitted. Carbamidomethyl (C) and Oxidation (M) were chosen as
fixed and variable modifications, mass tolerance for monoisotopic
peptide was set to 500 ppm, fragment mass tolerance was set to 0.8
Da, The proteins identified with the probability greater than 95% were
taken as acceptable when their mascot scores were greater than 50.

SDS-PAGE and Protein Quantification—SDS-PAGE was per-
formed with a Bio-Rad Mini Protean II apparatus under reduced
and/or unreduced conditions. Protein samples were boiled for 5 min
at the presence of 5 � loading buffer before their application to
polyacrylamide gels (15%). After the electrophoresis, protein bands
were observed using a standard Coomassie Blue R250 stain. The

Dermatophagoides farinae Allergens

Molecular & Cellular Proteomics 12.7 1819

http://www.mcponline.org/cgi/content/full/M112.027136/DC1


protein concentration was determined by a protein assay kit (Bio-Rad,
Hercules, CA, USA) with Bovine serum albumin (BSA) as a standard.

SMART cDNA Synthesis and cDNA Library Construction—Total
RNA was extracted using TRIzol Reagent (Invitrogen) from 80 mg dust
mites. mRNA was purified by an Oligotex mRNA Mini kit according to
the protocols provided (Qiagen). cDNA was synthesized by SMARTTM

techniques using a CreatorTM SMARTTM cDNA Library Construction
Kit (Clontech, Palo Alto, CA). The first strand of cDNA was synthe-
sized by using 3�SMART CDS III/3� PCR primer, 5�-ATTCTAG AGGC-
CGAGGCGGCCGACATG-d(T)30N_1N-3� (n � A, G, C, or T; N_1 � A,
G, or C), SMART IV oligonucleotide 5�-AAGCAGTGGTATCAAC GCA-
GAGTGGCCATTACGGCCGGG-3� and SMART MMLV reverse tran-
scriptase. The second strand was amplified using Advantage poly-
merase by 5� PCR primer, 5�-AAGCAGTGGTATCAACGCAGAGT-3�
and CDS III/3� PCR primer, 5�-ATTCTAGAGGCCGAGGCGGCCGA-
CATG-3�. A directional cDNA library was constructed with a plasmid
cloning kit (SuperScriptTM plasmid System; Invitrogen) following
manufacturer’s instructions, producing a library of about 2.5�105

independent colonies.
Screening of cDNA library—The specific primers (Table S 1), which

were designed according to the peptide sequences determined by
Edman degradation or ESI-QUAD-TOF mass spectrometry, and 3�

PCR primer CDS III as mentioned above were used for DNA amplifi-
cation. The PCRs were performed using Advantage polymerase from
Clontech (Palo Alto, CA) as follows: 2 min at 94°C followed by 30
cycles of 10 s at 92°C, 30 s at 50°C, and 40 s at 72°C. The PCR
products were recovered by DNA Gel Extraction Kit (Tiangen China)
and ligated into pMD19-T vector (TaKaRa Biotechnology Dalian Co.,
Ltd., China) following manufacturer’s instructions. DNA sequencing
was performed on an Applied Biosystems DNA sequencer, model ABI
PRISM377.

Immunoblotting Analysis with Sera from Allergic Patients to Dust
Mites—SDS-PAGE of the purified allergens was performed using a
gel concentration of 15%. Protein bands on the gel were electro-
transferred to nitrocellulose membranes (Bio-Rad, Hercules, CA,
USA) for immunoblotting analysis. Membranes were blocked for 2 h
with 5% BSA in room temperature. The membranes were incubated
with patients’ sera 1:10 (v/v) diluted in 5% BSA-PBST (PBST: PBS
containing 0.05% Tween 20) overnight at 4°C under constant agita-
tion on a rotary shaker. After washing three times with PBST, the
membranes were incubated with 1:4000 dilution of horseradish per-
oxidase (HRP)-labeled goat anti-human IgE monoclonal antibody
(KPL Inc., Gaithersburg, MD) in 5% BSA-PBST. After washing with

FIG. 1. Purification of allergens from
DME. A, 380 mg of DME was divided
into four fractions by Sephadex G-75
(Superfine, Amersham Biosciences;
26 � 100 cm), the absorbance of eluted
fractions were monitored at 280 and 215
nm. B, C, Pooled fraction II and III was
dialyzed against 20 mM Tris-HCl, pH 8.0
and subjected to further purification by
Resource Q anionic exchange column
equilibrated with 0.02 M Tris-HCl, pH 8.0
on an AKTA FPLC system, and eluted at
a flow rate of 1 ml/min with the indicated
NaCl gradient in 0.02 M Tris-HCl pH 8.0,
respectively. D–F: peak II from Fig. 1B,
peak 1, and peak 2 were subjected to
further purification by Resource Q ani-
onic exchange column equilibrated with
0.02 M Tris-HCl, pH 8.0 on an AKTA
FPLC system, and eluted at a flow rate
of 1 ml/min with the indicated NaCl gra-
dient in 0.02 M Tris-HCl pH 8.0, respec-
tively. In every purification step, the ab-
sorbance of elution peaks was monitored
at 280 nm. Inserts: Purified proteins were
subjected to SDS-PAGE analysis on a
15% gel. R, reduced; UR, unreduced.
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PBST for three times, fluorescence was visualized by incubating the
membrane with the substrate of HRP.

Enzyme-linked Immunosorbent Assay (ELISA) and ELISA Inhibi-
tion—Sera IgE antibodies specific for purified allergens were meas-
ured by indirect ELISA as described (10, 11). Briefly, 96-well mi-
crotiter plates (Nunc, Roskilde, Denmark) were coated with 2 �g
purified allergen in 100 �l carborate-biocarborate buffer (15 mM

Na2CO3 and 35 mM NaHCO3, pH 9.6) overnight at 4°C and then
blocked for 30 min at 37°C with 200 �l 3% BSA in PBS. After
blocking, the plates were incubated for 40 min at 37°C with 50 �l

1:10 (v/v) diluted serum in 0.1% BSA-PBST. After IgE binding, the
plates were incubated with peroxidase-labeled goat anti-human IgE
(Kpl InC., Gaithersburg, MD,1:2000) for 30 min at 37°C. Each incu-
bating step was followed by 3 washes with PBST. The color was
developed by adding 100 �l chromogenic substrate to each well
and stopped by the addition of 50 �l 2 M sulfuric acid. The plates
were read with a microplate reader at 450 nm (Epoch Etock,
BioTek). Two patients (6 and 8) whose sera recognized purified
allergens were chosen for ELISA inhibition assay according to
previously described method (11). Patients sera (diluted 1:20 in 2%

FIG. 2. D. farinae allergens identification by coupling 2-DE with 2-D immunoblotting. Protein fraction I, II and III from Sephadex G-75 gel
filtration were further separated by 2-DE and stained with Coomassie brilliant blue (A, C, and E) or transferred to PVDF followed by IgE
immunoblotting (B, D, and F), respectively.
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BSA, 0.05% Tween 20 phosphate buffer saline) were pre-incubated
with purified allergen or DME (final concentration: 0.0003–30 �g/ml)
at 37°C for 1 h and then were added to the microtiter plates
previously coated with 100 �l per well of 20 �g/ml DME. The
subsequent steps were the same as those for direct ELISA de-
scribed above. All ELISAs were tested in triplicate and the data
were presented as the mean � S.D.

Basophil Activation Test (BAT)—After in vitro incubation with aller-
gen, the up-regulation of CD63 on the basophil surface has been
considered as the marker of basophil activation (12). Venous blood
was collected from six dust-mite-allergic patients and six nonallergic
subjects. Peripheral blood mononuclear cells (PBMCs) were sepa-
rated by Ficoll-Paque density gradient and resuspended in stimula-
tion buffer (20 mM HEPES,133 mM NaCl, 7 mM KCl, 3.5 mM MgCl2, 1
mg/ml BSA, 2 ng/ml IL-3, pH 7.4). Then 6 aliquots of PBMCs from a
dust-mite-allergic patient or a nonallergic patient were incubated with
1.0 �g/ml testing allergen, goat anti-human IgE antibody (Kpl InC.)
and stimulation buffer at 37°C for 40 min, respectively. The goat
anti-human IgE antibody was taken as positive control and the stim-
ulation buffer was used to evaluate the basal CD63 level. The reaction
was stopped on ice and the basophils were incubated with anti-
human CD63-FITC antibody and anti-human CD193 (CCR3)-PE an-
tibody (Biolegend, CA, USA) at 4°C for 15 min. The CCR3 and low
granularity were used for gating basophils (13). Basophil activation
was quantified as the percentage of CD63-positive basophils. Baso-
phil surface markers were analyzed at 488 nm on a FACScan flow
cytometer (Becton Dickinson, Franklin Lakes, NJ) using FACSDivaTM

software.
Statistical Analysis—Statistical significance was analyzed by using

the SPSS 13.0 version for t test. Data were shown as mean � S.D.
(Standard deviation) and the data for direct ELISA were plotted in a
scatter plot. Mann-Whitney U test was employed to analyze the
nonparametric data. p value of less than 0.05 was taken as statisti-
cally significant.

RESULTS

Allergens Purification from D. farinae Mite Extracts
(DME)—As indicated in Fig. 1A, the supernatant of DME was
divided into four fractions by Sephadex G-75 gel filtration.
These fractions were analyzed by SDS-PAGE and IgE immu-
noblot. Allergenic proteins were found in fractions I, II, and III.
Fractions II and III were subjected to further purification by
Resource Q anionic exchange column on an AKTA FPLC
system (Figs. 1B-1F) and two-dimensional electrophoresis
analysis (Fig. 2). Four allergens were purified. SDS-PAGE
analysis indicated that they are homogenized protein (inserts
in Figs. 1B-1F). They were determined as triosephosphate
isomerase, heat shock protein 70, peptidyl-prolyl cis-trans
isomerase, and ferritin, respectively, as described below.

Analysis of Dust Mite Allergen Components by 2-DE and IgE
Immunoblotting—As mentioned above, three fractions (frac-
tion I, II, and III) from Sephadex G-75 gel filtration have been
found to contain allergen proteins. To understand allergen
mapping of the dust mite, these three fractions were further
separated by 2-DE and their IgE-binding abilities was de-
tected by IgE immunoblotting as illustrated in Fig. 2. There
were four, ten, and three IgE immune-reactive spots that
matched well with protein spots in 2-DE of fraction I, II, and III,
respectively. As listed in Table I and Table II, these protein spots
were found to belong to 12 different protein families by ESI-
QUAD-TOF-based mass spectrometry analysis (supplemental
Fig. S1). Among them, four proteins belong to known allergens
(Der f 2, 10, 15, and 22) of D. farinae, and the other 8 proteins

TABLE II
D. farinae allergens identified by Two-dimensional electrophoresis. The allergens underlined represent the new allergens identified

from D. farinae

Spot No. Name Molecule MW(KDa) pI Similar allergens (Resource, Reference)

Peak I (Figs. 2A and 2B, supplemental Figs. S1A-S1D)
1 Der f 15 Chitinase 95 6.18 Der p 15 (D. pteronyssinus, Reference 14)
2 Der f 15 Chitinase 95 5.3 Der p 15 (D. pteronyssinus, Reference 14)
3 Der f 15 Chitinase 95 4.67 Der p 15 (D. pteronyssinus, Reference 14)
5 Der f 10 Tropomyosin 36 5.0 Der p 10 (D. pteronyssinus, Reference 20)
Peak II (Figs. 2C and 2D, supplemental Figs. S1E-S1N)
1 Der f 20 Arginine kinase 40 8.0 Der p 20 (D. pteronyssinus, Reference 36)
2 Der f 8 Glutathione S-transferase 32 8.25 Der p 8 (D. pteronyssinus, Reference 37)
3 Der f 8 Glutathione S-transferase 32 7.8 Der p 8 (D. pteronyssinus, Reference 37)
4 Der f 22 Unknown 17 6.7 Der f 2 (D. farinae)
5 Der f 2 NPC2 family 13 7.8 Der p 2 (D. pteronyssinus, Reference 15)
6 Der f 25 Triosephosphate isomerase 34 6.2 Cra c 8, etc (Crangon crangon, etc, Reference 23, 24)
7 Der f 26 Translation elongation factor 2 43 6.0 EF-2 (Cynodon dactylon, Reference 25, 26)
8 Der f 27 Serpin 43 5.8 Gal d 2, Tri a 33, etc (Triticum aestivum, Gallus

domesticus,etc,Reference 21, 22)
9 Der f 28 Hot shock protein 70 70 6.2 HSP70 (Hordeum vulgare, Malassezia globosa,

Reference 27–29)
10 Der f 28 Hot shock protein 70 70 5.6 HSP70 (Hordeum vulgare, Malassezia globosa,

Reference 27–29)
Peak III (Figs. 2E and 2F, supplemental Figs. S1O-S1Q)
1 Der f 29 Peptidyl-prolyl cis-trans isomerase 16 9.6 Asp f 11, Bet v 7,etc (Aspergillus fumigatus, Betula

verrucosa,etc, Reference 30–34)
2 Der f 2 NPC2 family 15 8.7 Der p 2 (D. pteronyssinus, Reference 15)
3 Der f 30 Ferritin 16 5.8 Ferritin (Pacifastacus leniusculus, Reference 35)
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are new allergens. Three proteins with 2–3 spots may repre-
sent their different isoforms. The eight new IgE-binding pro-
teins are arginine kinase (Figs. 2C and 2D, spot No.1), gluta-
thione S-transferase (Figs. 2C and 2D, spots No.2 and No.3),
triosephosphate isomerase (TIM) (Figs. 2C and 2D, spot
No.6), translation elongation factor 2 (Figs. 2C and 2D, spot
No.7), serpin (Figs. 2C and 2D, spot No.8), heat shock protein
70 (HSP 70) (Figs. 2C and 2D, spots No.9 and No.10), pepti-
dyl-prolyl cis-trans isomerase (Figs. 2E and 2F, spot No.1),
and ferritin (Figs. 2E and 2F, spot No.3). These eight new
allergens were named Der f 20, Der f 8, Der f 25 to Der f 30,
respectively, as listed in Tables I and II.

Structural Characterization of New Allergens from Dust
Mites—Amino acid sequences of N terminus and partial inte-
rior peptide fragments of eight new allergens were obtained
by Edman degradation and/or ESI-QUAD-TOF-based mass
spectrometry analysis (supplemental Fig. S1). Based on the
sequences of N-terminuses and interior peptide fragments,
degenerate primers were designed to clone the cDNA se-
quences encoding these allergens as illustrated in supple-
mental Fig. S2.

Triosephosphate isomerase (Der f 25), heat shock protein
70 (HSP70, Der f 28), peptidyl-prolyl cis-trans isomerase (Der
f 29), and ferritin (Der f 30) also purified from DME (Fig. 1) and
identified by 2-D immunoblotting (Fig. 2). cDNAs encoding

their precursors (GenBank accession numbers KC305500,
KC305502, AY283280.1, KC305503) were cloned from the
cDNA library of D. farinae (supplemental Fig. S2). The precur-
sor of Der f 25, Der f 28–30 is composed of 247, 659, 164, and
171 aa as illustrated in supplemental Fig. S2C, supplemental
Fig. S2F-S2H, respectively.

The complete cDNA sequence encoding the precursor of Der
f 8 (KC305499), Der f 20 (EU106619.1), Der f 26 (KC305501),
and Der f 27(AY283297.1), which were identified by 2-D immu-
noblotting, was also cloned from the cDNA library D. farina,
respectively. The precursor of Der f 8 (supplemental Fig. S2B),
Der f 20 (supplemental Fig. S2A), Der f 26 (supplemental Fig.
S2D), and Der f 27 (supplemental Fig. S2E) is composed of 197,
362, 429, and 427 aa, respectively.

Immunoreactivity to IgE—To determine the allergenicity of
four purified proteins, immunoblottings were performed using
individual sera from 41 dust mite allergic patients. The results
demonstrated that sera IgE from 31, 28, 35, and 26 of 41
(75.6%, 68.3%, 85.6% and 63.4%) dust mite allergic patients
reacted to Der f 25, Der f 28, Der f 29, and Der f 30, respec-
tively. IgE-binding ability of these four purified allergens in a
representative group of nine patients and one control is illus-
trated in Fig. 3. Most of IgE-binding bands with molecular
weight around 34 kDa (Der f 25), 70 kDa (Der f 28), and 15 kDa
(Der f 29 and Der f 30) were positive for patients, but com-

FIG. 3. Immunobloting analysis of
specific IgE reactivity to allergen der f
25 (A), der f 28 (B), der f 29 (C), and der
f 30 (D) in the sera from the patients
with dust mite allergy. Lanes 1–9, rep-
resentatives of sera from allergic sub-
jects. Lane 10 marked as C, serum from
healthy individual as negative control.
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pletely negative in healthy subjects. The specific immunore-
activity of IgE against four new purified allergens was further
confirmed by direct ELISA (Fig. 4). In comparison with the sera
from healthy control subjects, the IgE-reactivity of four puri-
fied allergens in the sera from positive patients increased by
4.1, 3.7, 4.6, and 5.1-fold, respectively (Fig. 4).

For ELISA inhibition assay, two patients’ sera (6 and 8),
which had positive reactions to Der f 25, Der f 28–30, were
chosen. Different concentrations of these allergens or DME
were incubated with the serum. These allergens inhibited the
patients’ serum IgE binding to the coated DME in a dose-de-
pendent manner (Fig. 5).

Skin Prick Testing—The allergic activity of Der f 25, Der f
28–30 was evaluated by SPT. Six (60%), 7 (70%), 7 (70%),
and 6 (60%) of 10 dust mite allergic patients showed positive
reaction to Der f 25 and Der f 28–30, respectively (supple-
mental Table S2).

Basophil Activation Analysis—To analyze basophil activa-
tion of four purified allergens, the optimal concentration 1
�g/ml of allergen was applied to this experiment. In compar-
ison with healthy control, Der f 25, Der f 28, Der f 29, and Der
f 30 induced approximately up to 5.2, 4.8, 7.1, and 5.9-fold
increase, respectively, in CD63 and CCR3 double-positive
cells following incubating the allergens with PBMC from pa-
tients with dust mite allergy (Fig. 6).

DISCUSSION

An extended repertoire of D farinae mite allergens recog-
nized by specific IgE antibodies from human sera of patients
with dust mite allergy was presented here. The repertoire was
well defined by the high-resolution 2-D technique combined
with IgE immunodetection. Eight new allergens not previously
described in the literature were identified (Table I and Table II).
Four of them were purified from the mite extracts. Their pri-
mary structures and allergenicities were characterized by
Edman degradation, cDNA cloning, mass spectrometry, com-
petitive ELISA, BAT, and SPT.

To enrich minor allergens in total proteins and get rid of
nonprotein components, the mite extract was fractionated by
a sephadex G-75 gel filtration (Fig. 1). All proteins with mo-
lecular weight larger than 10 kDa are concentrated at fractions
I-III, which were then subjected to 2-D immunobloting analy-
sis (Fig. 2) and further purification. Four IgE-binding proteins
including three chitinases and a tropomyosin were identified
from fraction I (Figs. 2A and 2B). Chitinases from D. farinae
mite have been identified as major allergens (Der f 15) of dogs
(14). The current work also has been indicated that D. farinae
chitinases (Der f 15) also have ability to bind IgE of human
allergic sera (Fig. 2B). Three chitinases reported here have pI
value of 6.18, 5.3, and 4.67, respectively. Some studies have

FIG. 4. Evaluation of specific IgE re-
activity to allergen der f 25 (A), der f 28
(B), der f 29 (C), and der f 30 (D) by
direct ELISA. Group 1: the sera from
healthy control subjects, group 2: the
sera from der f 25, der f28, der f 29 or der
f 30-positive patients, respectively.
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shown that most of the important mite allergens can occur as
isoforms with varying amino acid sequences or glycosylation.
Ten different isoforms of Der p 2 allergen have been shown by
2-DE (15). Other allergens including groups 1, 3, 5, and 7 have
also been shown to be polymorphic (16–19). Three chitinase
isoforms reported here have the similar molecular weight but
different pI, which may be a result of varying amino acid
sequences or glycosylation. Tropomyosin has been identified
as Der f 10 in D. farinae (20).

As illustrated in Fig. 2B and listed in Table I and Table II, ten
IgE-binding proteins including Der f 20, Der f 8 (two isoforms),
Der f 22, Der f 2, Der f 27, Der f 25, Der f 26, and two isoforms
of Der 28 were identified from fraction II. The cDNA encoding
Der f 22 has been cloned from D. farinae (DQ643992) but
native or recommbinant Der f 22 allergen has not been re-
ported. Native Der f 22 was identified from the mite extracts in
the current work (Fig. 2C and 2D). Der f 27 is a serpin, which
shares significant similarity with serpin allergens (Tri a33 and
Gal d 2) from Triticum aestivum and Gallus domesticus (21,

22). The current serpin (Der f 27) from DME was demonstrated
to bind with serum IgE from patients with allergy to D. farinae
(Fig. 2). Triosephosphate isomerases (TIMs) have been iden-
tified as allergens in sea shrimp and wheat flour (23, 24). The
TIM (Der f 25) was purified and characterized from the mite
extracts of D. farinae (Fig. 1B and Fig. 3A). Competitive ELISA,
BAT, and SPT indicated that it was an allergen (Fig. 4A, Figs.
5 and 6 and supplemental Table S2). Translation elongation
factor 2 from grass pollens has been identified as an allergen
(25, 26). The current work demonstrated that there is the
presence of translation elongation factor 2 (Der f 26) in D.
farinae extracts and it has the ability to bind IgE (Fig. 2D).
HSP70 has been identified as an allergen in several species
including barley, corn, German cockroach, and Malassezia
globosa (27–29). Our current work identified two isoforms of
HSP70 with IgE-binding ability from the mite extracts and one
of them was purified and characterized as a new D. farinae
allergen (Der f 28, Fig. 1D, Fig. 3B, Fig. 4B, and Figs. 5 and 6).

Three IgE-binding proteins including Der f 2, Der f 29, and
Der f 30 were identified from fraction III (Figs. 2E and 2F and
Table I and 2). The current Der f 2 might be an isoform of the

FIG. 5. Purified allergens inhibited the patients’ serum IgE bind-
ing to the coated DME in a dose-dependent manner. A and B
represent the serum from dust mite allergy patients 6 and 8, respec-
tively. Allergen concentrations ranged from 0 to 30 �g/ml. DME: dust
mite extracts.

FIG. 6. Induction of basophil activation by 4 purified allergens.
Allergen was incubated with six dust mite allergenic patients’ PBMC
(A) or 6 healthy subjects’ PBMC (B). NC: using the stimulation buffer
to evaluate the basal CD63 level. A: der f 25, B: der f 28, C: der f 29,
D: der f 30.
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der f 2 found in fraction II because they have different molec-
ular weight and pI value. Der f 29 is a peptidyl-prolyl cis-trans
isomerase or cyclophilin (Fig. 1E and supplemental Fig. S1N).
Several allergens of cyclophilins from plants or fungi have
been determined (30–34). No allergens of animal cyclophilin
have been reported. The native cyclophilin (Table I and II)
purified from the dust mite extracts has been found to be an
allergen (Figs. 2E and 2F, Fig. 3C, Fig. 4C, Figs. 5 and 6,
supplemental Fig. S2, and supplemental Table S2) and it was
named Der f 29. Ferritin was reported as allergens in Procam-
barus clarkia (35). No other ferritin allergens were identified.
Native ferritin (der f 30, Tables I & II) was purified from D.
farinae allergen extracts (Fig. 1G) and demonstrated to be a
new mite allergen (Fig. 2E & 2F, Fig. 3D, Fig. 4D, Fig. 5 and 6,
and supplemental Table S2).

The development of effective diagnostic and therapeutic
approaches depends on the continuity of research of HDM
allergens and the identification of allergen diversity. Seven-
teen allergens belonging to 12 different groups were identified
from the D. farinae mite extracts by a procedure of proteomics
combined with 2-D immunoblotting. Nine of them are the first
report as D. farinae allergens. These allergens will be helpful
for HDM allergy diagnosis and therapy, especially for patients
without response for HDM major allergens. The current work
indicated that many novel D. farinae allergens remain to be
investigated. The approach with high resolution is necessary
to detect the complete repertoire of D. farinae allergens.
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