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Abstract: This study aims to acquire a recombinant allergen of Der f 29b by cloning and expression, and to identify 
its immunogenicity. In this study, the total RNA of D. farinae was extracted, cloned and expressed based on the Der 
f 29b gene. The molecular characteristics of Der f 29b was analyzed by the procedures of Bioinformatics. The aller-
genicity of recombinant Der f 29b protein was examined by western-blotting, ELISA, Immune inhibitory assays and 
skin prick test. The gene of Der f 29b consisted of 495 bases, derived from its nucleic acid sequence and encoded 
164 amino acids. Positive responses to r-Der f 29b were shown in 24.3% by means of skin prick testing with 37 DM-
allergic patients. The immunoblotting assays demonstrated that serum IgE from allergic patients reacted to r-Der f 
29b protein. The IgE reactivity of r-Der f 29b in the serum from r-Der f 29b allergic patients was increased by more 
than 2 folds compared with healthy subjects. Immune inhibition assays showed that the IgE cross-reactivity was be-
tween r-Der f 29b and DME. Bioinformatics analysis predicted four peptides (13-17, 67-71, 104-109 and 147-155) 
as the B cell epitopes and five peptides (5-14, 16-31, 35-43, 52-63 and 87-97) as the T cell epitopes. Secondary 
structure prediction of Der f 29b with software PSIPRED identified two α-helices and seven β-sheets in Der f 29b. In 
conclusion, Derf 29b protein was identified as a novel subtype of dust mite allergen. 
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Introduction

Allergic diseases affect 30% to 40% of the pop-
ulation, the prevalence of allergic diseases is 
increasing rapidly in the recent decades, and 
have become a global health problem [1, 2]. 
Allergens from the house dust mites are one of 
the major environmental factors inducing aller-
gic diseases, such as asthma, rhinitis, and 
atopic dermatitis [3, 4]. It is estimated that 
20% of the population in the world and more 
than half patients with allergic diseases are 
allergic to dust mites [5, 6]. Skin prick test has 
demonstrated that there are 59.0% and 57.6% 
allergic patients sensitive to Dermatophagoides 
farina and Dermatophagoides pteronyssinus 
respectively [7]. 

Currently, desensitization treatment with the 
crude allergen extracts is one of the major rem-
edies used for the dust mite allergic disease. 

However crude extracts of house dust mites not 
only contain allergens, but also contain inflam-
matory molecules, such as ceramides, kallikre-
ins and the ever popular endotoxin [8]. There- 
fore, the recombinant allergens are regarded as 
a substitute for crude mite extracts used in the 
clinical immunotherapy, which may improve the 
efficacy and safety of the house dust-mite-spe-
cific immunotherapy.

Two groups of mite allergens (group 1 and 2) 
have been proven as the major allergens in 
Dermtophagoides farinae, including a cysteine 
protease and a epididymal protein, respective-
ly. More than 80% of humans with house dust 
mite allergy have high serum levels of IgE anti-
body to the group 1 and more than 90% to the 
group 2 [9-12]. It is estimated that there are at 
least 30 different allergens in the extracts of D. 
farina, which have high IgE binding activity, but 
these allergens usually present at low and vari-
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able concentrations in mite extracts , less than 
1% of the group 1 and 2 allergens [7, 13].

In this study, we cloned, expressed and purified 
the Peptidyl-prolyl cis-trans isomerase (r-Der f 
29b) from HDM, and evaluated the allergenicity 
of r-Der f 29b. 

Materials and methods

Material

Main reagents Total RNA extraction kit and 
reverse transcription kit were purchased from 
QIAGEN. Prokaryotic expression vector pET-
28a(+) were obtained from Novagen. pMD-19 T 
vector, Taq DNA polymerase, restriction endo-
nuclease EcoRI and XhoI. Plasmid DNA extrac-
tion kit and Agarose gel DNA recovery kit were 
purchased from Omega. Ni Sepharose and pil-
lar were purchased from GE. The sera of 
patients with allergic disorders were obtained 
from the First Affiliated Hospital of Guangzhou 
Medical University, Escherichia coli Top10 and 
Escherichia coli BL21 were recovered from the 
deposits of our laboratory. 

Der f 29b gene synthesis and plasmid con-
struction 

Der f 29b gene sequences were obtained 
through analyzing the full genome sequence of 
dust mite. To generate a His-tagged Der f 29b 
expression plasmid, the PCR products of Der f 
29b cDNA was obtained from pMD19-T -Der f 
29b cloned by Shenzhen Huada Gene Research 
Institute, and cloned into the EcoRI and XhoI 
sites of pET-28a(+), and the recombinant plas-
mid was verified by DNA sequencing. The 
cloned amino acid sequence of Der f 29b was 
comparable with the relevant homologous 
sequence from Genbank.

Expression and purification of recombinant 
protein Der f 29b 

pET-28a (+)-Der f 29b were transformed into E. 
coli BL21 which by the calcium chloride charac-
teristic. The transformed bacteria were grown 
on LB plates containing kanamycin (100 μg/ml) 
at 37°C overnight. The single colony was inocu-
lated into 5 mL LB containing kanamycin and 
cultured at 37°C overnight. Then 1 mL bacteria 
was taken into fresh LB medium and grown to 
an OD600 of 0.6 to 0.8. The expression of the 

recombinant protein was induced by addition of 
isopropyl-β-D-thiogalactopyranoside (IPTG) to a 
final concentration of 1 mM. After 4 h incuba-
tion, E. coli cells were harvested by centrifuga-
tion at 10,000 rpm for 15 min, and resuspend-
ed in 50 mM Tris-HCl, 100 mM NaCl, pH 7.5. 
The cells were lysed by sonication at an ampli-
tude of 38% for 5 min (1 s pulse on and 1 s 
spulse off) followed by centrifugation at 10,000 
rev/min at 4°C for 20 min. Finally, the recombi-
nant protein was purified by affinity chromatog-
raphy using the Ni+ as solid phase. After vigor-
ous washing with washing buffer (50 mM Tris, 
40 mM imidazole and 0.5 M NaCl, pH 8), the 
protein was eluted slowly using elution buffer 
(50 mM Tris, 0.3 M imidazole and 0.2 M NaCl, 
pH 8). 

Skin prick test of restructured dust mites Der 
f 29b

SPTs with purified and endotoxin removed r-Der 
f 29b was dissolved in PH 7.4 phosphate buf-
fer. Glycerin was added to 50% final concentra-
tion. The Sample concentration was 0.01 mg/
ml controlled with both histamine phosphate 
(0.1%; positive control) and saline (negative 
control). The SPT results were checked 20 min-
utes after. The judgement of the result: if the 
prick spot became a wheal and fleck surround-
ing the wheal, it was positive (+). 4+: the 
response was stronger than histamine control; 
3+: the response was almost the same as his-
tamine control; 2+: the response was weaker 
than histamine, but stronger than negative con-
trol; 1+: the response was significantly weaker 
than histamine, but slightly stronger than the 
negative control; negative: No response. 

Approval to conduct these studies was obtained 
from the ethics committee at Guangzhou 
Medical University. A written and informed con-
sent was obtained from each human subject.

Immunoblotting analysis with sera from aller-
gic patients to dust mites

The r-Der f 29b protein were prepared with 
PBS. The proteins were fractioned by SDS-
PAGE (sodium dodecyl sulfate polyacryl-amide 
gel electrophoresis) and electro-transferred 
onto a nitrocellulose membrane (Bio-Rad, 
Hercules, CA, USA) for immunoblotting analy-
sis. The membrane was blocked for 2 hours 
with 3% BSA (Bovine Serum Albumin) at room 
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temperature, incubated with the sera from 
patients sensitized to dust mite (diluted in 5% 
BSA-PBST; PBST: PBS containing 0.05% Tween 
20) for 1 h under constant agitation on a rotary 
shaker at room temperature. After washing 
three times with TBS-T (Tris-buffered saline 
containing triton X-100), the membrane was 
incubated with the secondary antibodies 
(mouse anti human IgE) for 60 minutes. In the 
end, after washing with TBS-T for three times, 
the membrane was developed with DAB kit 
(Invitrogen, USA). Stop developing reaction with 
ddH2O.

Enzyme-linked immunosorbent assay (ELISA) 

Sera IgE antibodies specific for purified aller-
gens were measured by indirect ELISA. Briefly, 
the ELISA microtiter plates were coated over-
night at 4°C with 100 µl of r-Der f 29b at a con-
centration of 1 µg/mL in Carbonate buffered 
solution (CBS pH9.5). Then blocked at 37°C 
with 200 µl 3% bovine serum albumin (BSA) in 
PBS for 120 min. The serum (diluted for 5 
times, used as primary antibodies) or BSA 
(using as a negative control) was added to each 
well (100 μL/well) and incubated for 60 min at 
room temperature. After IgE binding, the plates 
were incubated with peroxidase-labeled goat 
anti-human IgE (1:2000) for 60 min at 37°C. 
Each incubating step was followed by 3 washes 
with PBST. The color was developed by adding 
tetramethylbenzidine (TMB; 100 µL/well) and 
stopped by the addition of 2M H2SO4 (50 μL/
well). The absorbances at 450 nm were then 
measured on a microplate reader, and the data 
were analyzed.

Der f 29b and crude extract inhibition assays

For the inhibition assay, serum allergic to r-Der 
f 29b were used for inhibition experiment to 
detect the cross reaction among r-Der f 29b 
and dust mites crude extract. Patients sera 
(diluted 1:50 in 2% BSA, 0.05% Tween 20 in 
PBS) were pre-incubated with purified r-Der f 
29b or DME (final concentration: 0.0001, 
0.001, 0.01, 0.1, 1 g/ml) at 4°C overnight; and 
then were added to the microtiter platespre-
coated with r-Der f 29b or DME (0.1 μg/well). 
Data from 3 measurements were accumulated. 
The inhibition rates were calculated according 
to the following formula: inhibition (%)=(OD0-
ODinhibitor)/(OD0-ODBSA), where OD 0 is the 
optical density of antigen without any inhibitor, 
OD inhibitor is the optical density after adding 

an inhibitor and OD BSA is the optical density 
with only BSA in the plate.

Bioinformatics analyses of the cloned Der f 
29b

Three immunoinformatics tools including bioin-
formatics predicted antigenic peptides (BPAP) 
system, DNAStar protean system and Bepi-
Pred 1.0 server were used to predicate the B 
cell epitopes of Der f 29b. The ultimate consen-
sus epitope results were obtained by combin-
ing the results of the three tools together with 
the method published earlier [14]. The Bepi- 
Pred 1.0 server and BPAP system and just need 
the amino acid sequence and provide straight-
forward results which are combined with physi-
cochemical properties of amino acids such as 
hydrophilicity, accessibility, flexibility,exposed 
surface and turns [15]. In the DNAStar protean 
system, four properties (antigenicity, hydrophi-
licity, accessibility and flexibility) of the amino 
acid sequence were chosen as parameters for 
epitopes prediction.

T cell epitopes are principally predicted indi-
rectly by identifying the binding of peptide frag-
ments to the MHC molecules. In this study, 
human asthma related allelic genes HLA-
DRB1*0301 and HLA-DRB1*0401 were used 
to predict HLA-DR-based T cell epitope predic-
tion. Five immunoinformatics tools including 
Immune Ep-itope Database (IEDB), Propre, 
SYFPEITHI, Net-MHCII 2.2 Server and NetMHCII 
pan 3.0 Sever were used to predicate the T cell 
epitopes of Der f 29b.

Der f 29b secondary structural elements were 
predicted by PSIPRED, and identified with the 
result obtained with DNAstar and NetSurfP ver 
1.1. Phosphorylation site analysis by Net- 
Phos 2.0.

Statistics

All data were expressed as mean ± standard 
deviation and processed with SPSS statistical 
software. T-test was used for the mean differ-
ences between two groups. p value < 0.05 was 
considered as significant.

Results

Cloning and sequence alignment of the dust 
mite Der f 29b gene 

The amplification products showed a bright 
band at around 500 bp by agarose gel electro-
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phoresis (Figure 1A) and double enzymatic 
digestion (Figure 1B). The cloned dust mite Der 
f 29b genes consist of 495 bases (including ter-
mination codon), derived from its nucleic acid 
sequence that encoded 164 amino acids 
(Figure 1C).

The molecular evolutionary tree was construct-
ed by software MEGA5. 1. The results showed 
that D. farina Peptidyl-prolyl cis-trans isomer-
ase has a close relationship with Macone- 
llicoccus hirsutus, Locusta migratoria and 
Tribolium castaneum Peptidyl-prolyl cis-trans 
isomerase (Figure 2A). Compared the cloned 
Der f 29b amino acid sequence with other spe-
cies, we found its homology with Macone- 
llicoccus hirsutus peptidyl-prolyl cis-trans isom-
erase (NCBI accession number ABM55516.1) 
was 85%, homology with Locusta migratoria 
peptidyl-prolyl isomerase-1 (NCBI accession 
number AGC84404.1) was 84%. Homology 
with Tribolium castaneum hypothetical protein 
TcasGA2_TC004820 (NCBI accession number 
EEZ98965.1) was 84% (Figure 2B).

29b) were positive against the serum from 
allergic patients, but completely negative in 
healthy volunteers (Figure 3B). The specific 
immunoreactivity of IgE against purified r-Der f 
29b was further confirmed using ELISA. 
Compared with the serum from healthy sub-
jects, the IgE reactivity of r-Der f 29b from aller-
gic patients was increased by more than 2 folds 
(Figure 4A). For ELISA inhibition assay, Serum 
allergic to r-Der f 29b was chosen. Different 
concentrations of r-Der f 29b or DME were incu-
bated with the serum. They inhibited the 
patients’ serum IgE binding to the coated DME 
or r-Der f 29b in a dose-dependent manner. At 
the concentration of r-Der f 29b was 0.1 mg/
ml, the inhibition rate of r-Der f 29b against 
DME was about 65% (Figure 4B).

These results suggested that Der f 29b may be 
allergens from dust mite allerge family that 
leading to type I hypersensitivity.

Skin prick testing

The allergic activity of Der f 29b was evaluated 
by SPT. The results (Table 1) showed that 9 

Figure 1. Cloning and sequence alignment of the Der f 29b gene. A. Cloning 
and PCR of Der f 29b cDNA (1: DNA Marker; 2: Der f 29b gene); B. Restriction 
enzymatic digestion results of recombinant Hyastatin-pET-28a(+) plasmid (1: 
DNA Marker; 2: Der f 29b DNA); C. The amino acid sequences of Der f 29b.

The expression and purifica-
tion of recombinant Der f 29b 
gene 

To obtain r-Der f 29b protein 
for the subsequent experi-
ments, we cloned Der f 29b 
cDNA into pET-28a(+), expre- 
ssed and purified r-Der f 29b. 
After the His-tag Der f 29b 
were successfully expressed 
by induction with IPTG, the 
high purity of r-Der f 29b was 
obtained after purification by 
Ni2+ affinity chromatography 
and molecular sieve chroma-
tography (Figure 3A). 

Immunoreactivity to IgE

To determine the allergenicity 
of Der f 29b protein, immu-
noblotting was performed 
using serum from five DME-
allergic patients. The results 
showed that serum IgE from 
allergic patients reacted to 
r-Der f 29b protein. IgE-
binding bands with molecular 
weight around 18 kDa (r-Der f 
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(24.3%) out of 37 allergic patients showed posi-
tive reaction to r-Der f 29b (Table 1). 

Structural and functional prediction

Based on these sequence properties, the final 
predicting functional regions of DNAStar were 

13-17, 50-53, 67-71, 78-84, 104-109, 141-
143, 147-155. Also, the predicted results of the 
BPAP system were 16-30, 48-56, 110-116, 
123-135, 138-144, 152-159 and Bepi- 
Pred 1.0 server were 12-17, 28-35, 45-48, 
66-79, 83-85, 89-97, 102-109, 143-156. 
Furthermore, the final potential B cell epitopes 

Figure 2. A. The phylogenetic tree analysis; Der f (Dermatophagoides farinae); Mac h (Maconellicoccus hirsutus); 
Loc m (Locusta migratoria); Tri c (Tribolium castaneum); Nas v (Nasonia vitripennis); Mus d (Musca domestica); 
Pap x (Papilio xuthus); Poe f (Poecilia formosa); Acy p (Acyrthosiphon pisum); Dro g (Drosophila grimshawi); Xip m 
(Xiphophorus maculatus); Ano g (Anopheles gambiae str. PEST); Cop f (Coptotermes formosanus); Dan p (Danaus 
plexippus). B. Alignment of Der f 29b from different sources.
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Figure 3. SDS-PAGE and Western blot analysis of recombinant protein Der 
f 29b. A. The protein band indicates the purified Dermatophagoidesfarinae 
Der f 29b, M: protein ruler (kDa); 1: The recombinant der f 29b purified by af-
finity chromatography. B. The Western blotsindicate that the r-Der f 29b binds 
to IgE in the sera from patients allergic to Dermatophagoides farinae, Lanes 
P1-P3: serum from allergic subjects. Lane C1 and C2: serum from healthy 
subjects as negative control. 

Figure 4. Enzyme-linked Immunosorbent Assay (ELISA) and ELISA Inhibition. 
A. The specific IgE reactivity to allergen r-Der f 29b by ELISA. P1-P3, the se-
rum from r-Der f 29b positive patients; C1 and C2, the serum from healthy 
subjects. B. IgE binding inhibition to extracts or r-Der f 29b. Serum allergic 
to r-Der f 29b were previously incubated with inhibitors of different concen-
trations and then reacted with coated allergen. Inhibitors were used at the 
concentrations of 0.01, 0.1, 1, 10, 100 and 1000 µg/ml.

of Der f 29b were selected 
based on the results of these 
three tools. The ultimate 
results of the three immunoin-
formatics tools finally predict-
ed four peptides (13-17, 
67-71, 104-109, 147-155) 
and these peptides were 
shown in Figure 5. 

Immune Ep-itope Database 
(IEDB), Propred, SYFPEITHI, 
NetMHCII 2.2 Server and 
NetMHCII pan 3.0 Sever were 
used to predicate the T cell 
epitopes of Der f 29b. The 
final potential T cell epitopes 
of Der f 29b were selected 
based on the results of these 
Five tools. The ultimate 
results of the five immunoin-
formatics tools finally predict-
ed five peptides (5-14, 16-31, 
35-43, 52-63 and 87-97) 
(Table 2 and Figure 5).

Secondary structure predic-
tion of Der f 29b with PSIPRED 
identified two α-helices and 
seven β-sheets (Figure 5) in 
Der f 29b. Alternatively, Net- 
SurfP v1.1 predicted two 
α-helices and eight β-sheets. 
DNAstar predicted one α- 
helices and five β-sheets. 
These results were predicat-
ed by different servers and 
have subtle distinction. Phos- 
phorylation sites including 
two Ser (147 and 153) resi-
dues were predicted and 
showed in Figure 5.

Discussion 

House dust mites are impor-
tant indoor allergens, eliciting 
allergic diseases such as 
asthma, rhinitis, and atopic 
dermatitis and other allergic 
diseases [16]. In China, house 
dust mites were the most 
prevalent allergens in patients 
with asthma and/or rhinitis 
[17]. Application of molecular 
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biology technology to obtain recombinant aller-
gens can provide new insight and new strate-
gies for the development of the specific immu-
notherapy and the treatment of allergic dis- 
eases. 

These results suggest that Der f 29b is a new 
type allergen of HDM. 

In silico prediction has already become a useful 
tool for selecting epitopes from immunological 

Table 1. SPT results

Subject Gender/
Age Diagnosis

Net wheal size (mm), Level
DME Histamine PS r-Der f 29b

1 Male/11 BA, AR 9, +++ 6 0 0, -
2 Female/50 AR 2.25, + 5 0 0, -
3 Female/25 AR 6.75, +++ 3.75 0 0
4 Male/16 AR 2, + 6.5 0 2, +
5 Male/43 BA, AR 6, ++ 6 0 0, -
6 Male/26 AR 5, ++ 6 0 0, -
7 Female/32 AR 1.75, + 6 0 0, -
8 Male/12 AR 4.5, ++ 4.75 0 0, -
9 Male/46 BA, AR 4.5, ++ 8.5 0 0, -
10 Female/17 AR 4.5, +++ 4.5 0 0
11 Male/45 BA 3, + 7 0 0
12 Male/19 BA 0.5, + 1 0 6.5, ++++
13 Male/38 BA, AR 6, ++ 7.5 0 0
14 Male/27 BA, AR 8.5, +++ 7 0 2.5, +
15 Male/15 BA 3, + 6.25 0 2.5, +
16 Female/24 BA, AR, AD, FA, DA 8.5, +++ 7 0 1.5, +
17 Female/10 BA, AR 8.5, +++ 5.5 0 0
18 Female/18 BA, AR, DA 10, +++ 6 0 0
19 Male/54 BA, AR, AD 1.5, + 4.5 0 0
20 Female/41 BA, AR, DA 10.5, ++++ 4 0 0
21 Female/13 BA, AR 7 5 0 0
22 Male/17 BA, AR, AD, FA, DA 0.25, + 1 0 0
23 Female/31 AD 9.5, ++++ 2.5 0 0
24 Female/39 AR 12.5, +++ 8.5 0 1.5, +
25 Male/63 AR, DA 8.5, +++ 8 0 0
26 Male/15 BA, AR, FA 6.5, +++ 6 0 0
27 Female/12 BA, AR 11, +++ 6 0 0
28 Female/18 BA, AR 5.5, +++ 4.5 0 0
29 Female/25 BA 6.5, +++ 6.5 0 1.5, +
30 Female/40 BA, AR 6.5, +++ 5 0 0
31 Male/75 BA, AR, FA 2.5, + 6.5 0 2, +
32 Male/11 BA, AR, FA 6.5, +++ 5.5 0 0
33 Female/26 BA 1, + 5.5 0 0
34 Male/15 BA, AR, AD 7, ++ 8 0 2.25, +
35 Female/14 BA, AR 6.5, +++ 6.5 0 0
36 Male/8 AR, FA 1, + 4.5 0 0
37 Female/43 BA 2, + 4.5 0
The result of Skin prick tests (SPT). BA (Bronchial asthma); AR (Allergic rhinitis); DA (Drug 
allergy); MA (Mango allergy); FA (Food allergy); PS; Physiological saline; Positive: ≥1; Nega-
tive: 0.

The diversity of allergens 
in house dust mites has 
not been fully identified 
and characterized [18]. 
In this study, through 
cloning, expression, and 
purification of full length 
recombinant Peptidyl-
prolyl cis-trans isomer-
ase (r-Derf 29b), we iden-
tified the r-Derf 29b is an 
allergen in D. farinae. 
r-Derf 29b is encoded by 
a 495 bp open reading 
frame, producing a pre-
dicted amino acid se- 
quence of 164 amino 
acid. The recombinant 
protein analyzed by SDS-
PAGE showed that rela-
tive MWs of r-Der f 29b 
protein was about 18 
kDa. The recombinant 
products can be purified 
with Ni-NTA affinity chro-
matography since its 
N-terminal contained six 
histidine label Using SPT 
techniques, we proved 
that Der f 29b is an aller-
gen of D. farinae Der f 
29b reacted to sera from 
24.3% of patients with D. 
farinae allergy (Table 1). 
The immunoblotting as- 
says demonstrated that 
serum IgE from aller- 
gic patients reacted to 
r-Derf 29b protein. The 
IgE reactivity of r-Der f 
29b in the serum from 
the r-Derf 29b allergic 
patients increased by 
more than 2 folds com-
pared with healthy sub-
jects. Immune inhibition 
assays showed the IgE 
cross-reactivity between 
r-Der f 29b and DME. 
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relevant proteins, which can save the working 
time and the expense of synthetic peptides 
[19]. In this study, we used three algorithms 
(DNAStar protean system, BepiPred 1.0 server 
and BPAP) to predict the B cell epitopes. 
Previous studies showed that using bioinfor-
matics approach to predict B cell epitopes is 
correlated well with the experimental approach 
[20]. As a result, four peptides (13-17, 67-71, 
104-109 and 147-155) were predicted as the B 
cell epitopes. In order to predicate the HLA-DR-
based T cell epitopes, five immunoinformatics 
tools including Immune Epitope Database 
(IEDB), Propred, SYFPEITHI, NetMHCII 2.2 
Server and NetMHCII pan 3.0 Sever were used. 
The ultimate results of the five immunoinfor-

eases and need further investigation in clinical 
samples.

The continuity of research of HDM allergens 
and the identification of allergen diversity pro-
vided information for the development of effec-
tive diagnostic and therapeutic approaches for 
HDM allergy [21-24]. Here we provide the evi-
dence that Der f 29b is a new sub-group of 
house dust mite allergen, which may be helpful 
for HDM allergy specific diagnosis and therapy. 

Acknowledgements

This study was supported by grants from the 
Natural Science Foundation of China (No. 

Figure 5. Sequences and sec-
ond structure analysis of Der 
f 29b allergen. Two α-helices 
and seven β-sheets were 
identified in Der f 29b. B cell 
epitopes, T cell epitopes and 
Phosphorylation sites were 
also showed.

Table 2. Eptope prediction
Epitope Sequence SYFPEITHI NetMHCII NetMHCIIpan IEDB Preprod
(5-14) aa RVFFDIAADN + + + + +
(16-31) aa PLGRIVIELRSDVVPK + + + + +
(35-43) aa NFRALCTGE + + + + +
(52-63) aa SSFHRIIPNFMIQ + + + + +
(87-97) aa ENFTLQHTGPG - + + + +
Five epitope peptides in prediction of different prediction tools. “+” means the sequence 
was predicted as epitope in prediction tool, “-” means the sequence was not predicted as 
epitope in prediction tool.

matics tools finally pre-
dicted five peptides 
(5-14, 16-31, 35-43, 
52-63 and 87-97) as 
the T cell epitopes. 
Despite the high accu-
racy of these predic-
tions, this approach 
has not yet been 
applied to peptide-
based vaccine devel-
opment for allergic dis-



Der f 29b analysis

576 Am J Transl Res 2016;8(2):568-577

91442118, 31328014 and 31400786), Guang- 
dong Scientific Technology Social Development 
Project (No. 2013B3180002), Guangdong For- 
eign Scientific Technology Cooperative Project 
(No. 2013B051000088), Shenzhen Scientific 
Techology Project International Cooperative 
Project (GJHZ20130408174112021), Shen- 
zhen Scientific Techology Basic Research 
Projects (No. JCYJ20120613100657482, JCYJ- 
20130329110735981, JCYJ2012061317323- 
3810, JCYJ20140828163633992) and Shen- 
zhen Nanshan District Research Development 
Project (No. KC2014JSCX0055A).

Disclosure of conflict of interest

None. 

Address correspondence to: Drs. Xiaoyu Liu and 
Pingchang Yang, Shenzhen University, Room 722 of 
Medical School Bldgn, 3688 Nanhai Blvd, Shenzhen 
518060, China. Tel: 8675526681907; Fax: 
8675526681906; E-mail: lxy0901@163.com (XYL); 
pcy2356@szu.edu.cn (PCY)

References

[1] Pawankar R, Canonica GW, Holgate ST, Lockey 
RF, Organization WA. World Allergy Organiza-
tion (WAO) white book on allergy. Milwaukee 
(WI): World Allergy Organization; 2011.

[2] Liu Z, Bai Y, Ji K, Liu X, Cai C, Yu H, Li M, Bao Y, 
Lian Y, Gao B. Detection of Dermatophagoides 
farinae in the dust of air conditioning filters. Int 
Arch Allergy Immunol 2007; 144: 85-90.

[3] Arlian LG. House-dust-mite allergens: a review. 
Exp Appl Acarol 1991; 10: 167-186.

[4] Platts-Mills TA, Thomas WR, Aalberse RC, Verv-
loet D, Champman MD. Dust mite allergens 
and asthma: report of a second international 
workshop. J Allergy Clin Immunol 1992; 89: 
1046-1060.

[5] Meno K, Thorsted PB, Ipsen H, Kristensen O, 
Larsen JN, Spangfort MD, Gajhede M, Lund K. 
The crystal structure of recombinant proDer p 
1, a major house dust mite proteolytic aller-
gen. J Immunol 2005; 175: 3835-3845.

[6] de Halleux S, Stura E, VanderElst L, Carlier V, 
Jacquemin M, Saint-Remy JM. Three-dimen-
sional structure and IgE-binding properties of 
mature fully active Der p 1, a clinically relevant 
major allergen. J Allergy Clin Immunol 2006; 
117: 571-576. 

[7] Lee AJ, Gerez I, Shek LP, Lee BW. Shellfish al-
lergy--an Asia-Pacific perspective. Asian Pac J 
Allergy Immunol 2012; 30: 3-10.

[8] Valenta R, Linhart B, Swoboda I, Niederberger 
V. Recombinant allergens for allergen-specific 
immunotherapy: 10 years anniversary of im-
munotherapy with recombinant allergens. Al-
lergy 2011; 66: 775-783.

[9] Thomas WR, Smith WA, Hales BJ. The allergen-
ic specificities of the house dust mite. Chang 
Gung Med J 2004; 27: 563-569.

[10] Van Der Veen MJ, Jansen HM, Aalberse RC, 
van der Zee JS. Der p 1 and Der p 2 induce less 
severe late asthmatic responses than native 
Dermatophagoides pteronyssinus extract after 
a similar early asthmatic response. Clin Exp Al-
lergy 2001; 31: 705-714.

[11] Trombone AP, Tobias KR, Ferriani VP, Schuur-
man J, Aalberse RC, Smith AM, Chapman MD, 
Arruda LK. Use of a chimeric ELISA to investi-
gate immunoglobulin E antibody responses to 
Der p 1 and Der p 2 in mite-allergic patients 
with asthma, wheezing and/or rhinitis. Clin Exp 
Allergy 2002; 32: 1323-1328.

[12] Meyer CH, Bond JF, Chen MS, Kasaian MT. 
Comparison of the levels of the major aller-
gens Der p I and Der p II in standardized ex-
tracts of the house dust mite, Dermatophagoi-
des pteronyssinus. Clin Exp Allergy 1994; 24: 
1041-1048.

[13] Le Mao J, Mayer CE, Peltre G, Desvaux FX, Da-
vid B, Weyer A, Sénéchal H. Mapping of Derma-
tophagoides farinae mite allergens by two-di-
mensional immunoblotting. J Allergy Clin 
Immunol 1998; 102: 631-636.

[14] Yang X, Yu X. An introduction to epitope predic-
tion methods and software. Rev Med Virol 
2009; 19: 77-96.

[15] Zheng LN, Lin H, Pawar R, Li ZX, Li MH. Map-
ping IgE binding epitopes of major shrimp 
(Penaeus monodon) allergen with immunoin-
formatics tools. Food Chem Toxicol 2011; 49: 
2954-2960.

[16] Sporik R, Holgate ST, Platts-Mills TA, Cogswell 
JJ. Exposure to house-dust mite allergen (Der p 
I) and the development of asthma in child-
hood. A prospective study. N Engl J Med 1990; 
323: 502-507.

[17] Li J, Sun B, Huang Y, Lin X, Zhao D, Tan G, Wu 
J, Zhao H, Cao L, Zhong N. A multicentre study 
assessing the prevalence of sensitizations in 
patients with asthma and/or rhinitis in China. 
Allergy 2009; 64: 1083-1092.

[18] Le Mao J, Mayer CE, Peltre G, Desvaux FX, Da-
vid B, Weyer A, Sénéchal H. Mapping of Derma-
tophagoides farinae mite allergens by two-di-
mensional immunoblotting. J Allergy Clin 
Immunol 1998; 102: 631-636.

[19] Li GF, Wang Y, Zhang ZS, Wang XJ, Ji MJ, Zhu X, 
Liu F, Cai XP, Wu HW, Wu GL. Identification of 
immunodominant Th1-type T cell epitopes 
from Schistosoma japonicum 28 kDa glutathi-

mailto:lxy0901@163.com
mailto:pcy2356@szu.edu.cn


Der f 29b analysis

577 Am J Transl Res 2016;8(2):568-577

one-S-transferase, a vaccine candidate. Acta 
Biochim Biophys Sin 2005; 37: 751-758.

[20] Nair S, Kukreja N, Singh BP, Arora N. Identifica-
tion of B cell epitopes of alcohol dehydroge-
nase allergen of Curvularia lunata. PLoS One 
2011; 6: e20020.

[21] Shen HD, Chua KY, Lin WL, Hsieh KH, Thomas 
WR. Characterization of the house dust mite 
allergen Der p 7 by monoclonal antibodies. 
Clin Exp Allergy 1995; 25: 416-422.

[22] Aki T, Kodama T, Fujikawa A, Miura K, Shigeta 
S, Wada T, Jyo T, Murooka Y, Oka S, Ono K. Im-
munochemical characterization of recombi-
nant and native tropomyosins as a new aller-
gen from the house dust mite, Dermatopha- 
goides farinae. J Allergy Clin Immunol 1995; 
96: 74-83.

[23] Hales BJ, Martin AC, Pearce LJ, Laing IA, 
Hayden CM, Goldblatt J, Le Souëf PN, Thomas 
WR. IgE and IgG anti-house dust mite specifici-
ties in allergic disease. J Allergy Clin Immunol 
2006; 118: 361-367.

[24] Lin KL, Hsieh KH, Thomas WR, Chiang BL, 
Chua KY. Characterization of Der p V allergen, 
cDNA analysis, and IgE-mediated reactivity to 
the recombinant protein. J Allergy Clin Immu-
nol 1994; 94: 989-996.


