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Abstract. House dust mite allergens can cause allergic 
diseases, including asthma, atopic dermatitis and rhinitis. 
Der f 20 is a novel allergen of Dermatophagoides farina 
(Der f), which is an arginine kinase. In the present study, 
the B-cell and T-cell epitopes of Der f 20 were predicted. 
The protein attribution, patterns, physicochemical properties 
and secondary structure of Der f 20 were also predicted. 
Der f 20 is a member of the ATP:guanido phosphotransferase 
family and contains a phosphagen kinase pattern. Using 
homology modeling, the present study constructed a reason-
able tertiary structure of Der f 20. Using BcePred, ABCpred, 
BCPred and BPAP systems, B-cell epitopes at 20-25, 41-49, 
111-118, 131-141, 170-174 and 312-321 were predicted. Using 
NetMHCIIpan-3.0 and NetMHCII-2.2, T-cell epitopes were 
predicted at 194-202, 239-247 and 274-282. These results 
provide a theoretical basis for the design off Der f 20 
epitope-based vaccines.

Introduction

Allergic diseases, including bronchial asthma, atopic derma-
titis and rhinitis, affect 30-40% of the global population (1,2). 
Allergens from house dust mites (HDMs); in particular those 
from the most common HDMs, Dermatophagoides farinae 
(Der f) and Dermatophagoides pteronyssinus (Der p), are 
major environmental factors for allergic diseases (3-5). At least 
34 groups of HDM allergens have been identified and listed in 

the Allergen Nomenclature database (http://www.allergen.org). 
Der f 20, identified and denominated from D. farinae, belongs 
to the group 20 allergens. Der f 20 is a 40-kDa arginine kinase, 
however, its physiological function remains to be fully eluci-
dated.

Allergen extracts of various mite species, including mite 
bodies, eggs and culture media, have been used to diagnose 
and treat IgE-mediated allergic diseases. Certain patients 
may be sensitized to one or two mite allergens, whereas 
others respond to a spectrum of allergens (6-10). However, 
these extracts have limitations in terms of safety and validity 
in allergen‑specific immunotherapy (SIT) (6‑10). SIT is the 
only etiological therapy, which suppresses allergic responses 
in rhinitis and asthma (8,11). By contrast, pure and standard-
ized recombinant allergens, containing the majority of the 
IgE-binding epitopes of an allergen source, can be used 
to replace natural extracts, offering a safer and more valid 
approach to SIT (9,10).

Several SIT-based studies have focused on using recom-
binant allergens to develop epitope-based vaccines (12,13). 
These vaccines contain multiple B-cell and/or T-cell linear 
antigen epitopes and can thus overcome virulence return or 
spread, and induce more efficient presentation when detected 
and combined by host major histocompatibility complex 
(MHC) molecules (14,15). These findings suggest that B‑cell 
and T-cell epitopes from one major component of an allergen 
may be necessary for immunotherapy of allergic diseases. 
Therefore, the identification of exact epitopes of HDM aller-
gens can benefit the preparation of epitope‑based vaccines and 
treatment of allergic diseases.

Previous studies have identified several HDM allergen epit-
opes (16), although no Der f 20 epitopes have been reported. 
Therefore, the present study used bioinformatics approaches to 
identify B-cell and T-cell epitopes of Der f 20.

Materials and methods

Sequence retrieval and analyses. The amino acid sequence of 
Der f 20 (accession no. AIO08850.1) was obtained from the 
International Union of Immunological Societies nomenclature 
database and the protein database of the National Center for 
Biotechnology Information (www.allergen.org). The family 
classification of Der f 20 was analyzed using Pfam v29.0 
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(pfam.xfam.org) (17), Superfamily v1.75 (supfam.cs.bris 
.ac.uk/SUPERFAMILY/hmm.html) (18) and InterPro v56.0 
(www.ebi.ac.uk/interpro/) (19). The TMHMM server 2.0 
(www.cbs.dtu.dk/services/TMHMM/) was used to predict 
transmembrane protein helices (20).

Physiochemical and patterns analyses. Physiochemical 
analyses, including molecular weight, negatively charged 
residues, positively charged residues, theoretical pI, aliphatic 
index, grand average of hydropathicity (GRAVY) and insta-
bility index of Der f 20, were predicted using ProtParam (web.
expasy.org/protparam/) (21). The characteristic patterns, func-
tional motifs and active sites of Der f 20 were assessed using 
Prosite (prosite.expasy.org/) (22).

Structure prediction and homology modeling. The TMHMM 
server 2.0 (www.cbs.dtu.dk/services/TMHMM/) was 
used to predict transmembrane protein helices (20). The 
PredictProtein server (www.predictprotein.org/) was used to 
predict the secondary structure of Der f 20 (23). Homology 
modeling was used to construct a tertiary structure of 
Der f 20. A BLASTP (blast.ncbi.nlm.nih.gov/Blast.cgi) search 
with default parameters was performed against the Protein 
Data Bank (PDB) (www.rcsb.org/pdb/) to identify suitable 
templates of Der f 20. The appropriate templates were selected 
based on the high score, low e-value, and maximum sequence 
identity. MODELLER v9.16 (salilab.org/modeller/) (24) was 
used to predict the tertiary structure of Der f 20. The predicted 
structure was imported into Chiron (redshift.med.unc.
edu/chiron/login.php) (25) to rectify unfavorable clashes and 
improve stereochemistry quality.

Estimating the quality of the structural models is a 
vital step in protein structure construction. PROCHECK 
(services.mbi.ucla.edu/SAVES) (26) was used to verify the 
stereochemical quality of the structure of Der f 20. ERRAT 
(services.mbi.ucla.edu/SAVES) (27) was used to analyze the 
statistics of non-bonded interactions between different atom 
types. VERIFY_3D (services.mbi.ucla.edu/SAVES) (28) was 
used to determine the compatibility of an atomic model (3D) 
with its the amino acid sequence (1D) and to compare the 
results with favorable structures. ProSA (prosa.services.came.
sbg.ac.at/prosa.php) (29) was used to analyze the Z-score to 
determine the degree of match between the template protein 
and Der f 20. QMEAN (swissmodel.expasy.org/qmean) (30) 
is a composite scoring function, which provides the global 
(for the entire structure) and local (per residue) error esti-
mates on the basis of a single model. Superimposition of 
the query and template structure, and visualization of the 
generated models was performed using UCSF Chimera 1.10.2 
(www.cgl.ucsf.edu/chimera/) (31).

Prediction of B‑cell epitopes. BcePred (http://crdd 
.osdd.net/raghava/bcepred) (32), ABCpred (crdd.osdd.
net /raghava/abcpred) (33), BCPreds (ai lab. ist.psu.
edu/bcpred) (34) and the Bioinformatics Predicted Antigenic 
Peptides (BPAP) system (imed.med.ucm.es/Tools/antigenic.
pl) (35) were used to predict the B-cell antigenic epitopes of 
Der f 20. BcePred predicts B-cell epitopes using physicochem-
ical properties, including hydrophilicity, flexibility/mobility, 
accessibility, polarity, exposed surfaceand turns, or a 

combination of properties. ABCpred predicts B-cell epitopes in 
antigen sequences using artificial neural networks. BCPREDS 
selects three prediction methods of the AAP method (35), 
BCPred (36) and FBCPred (37) predict B-cell antigenic 
epitopes. The BPAP system combines the physicochemical 
properties of amino acids to predict epitopes.

Prediction of T‑cell epitopes. The T-cell epitopes were 
predicted by identifying peptide binding to MHC 
molecules. The binding significance of each peptide to 
the given MHC molecule was based on the estimated 
strength of binding exhibited by a predicted nested core 
peptide at a set threshold level. NetMHCII 2.2 (www.
cbs.dtu.dk /services/NetMHCII) (38) predicted the 
binding of epitope peptides to HLA-DQ alleles using 
ar tif icial neuron networks. NetMHCIIpan-3.1(www 
.cbs.dtu.dk/services/NetMHCIIpan) (39) was used for 
HLA-DR-based epitope prediction. In these two software 
programs, peptides with a high binding ability had a half 
maximal inhibitory concentration (IC50) value <50 nM and 
weak binding peptides had an IC50 value <500 nM. The 
ultimate T-cell epitopes were obtained by combining the 
results of the HLA-DR and HLA-DQ allele epitopes.

Results

Amino acid sequence analysis. Family classification showed 
that Der f 20 belongs to the ATP: guanido phosphotransferase 
family (InterPro no. IPR000749) and arginine kinase super-
family (InterPro no. IPR023660). Prosite was used to analyze 
characteristic motifs or patterns and revealed that Der f 20 
contained a PHOSPHAGEN_KINASE pattern (PS00112; 
271-277; CPTNLGT) and active site at residue 271 (Fig. 1). 
The phosphorylation sites of Der f 20 included Ser residues 
20, 260 and 282; Thr residues 44, 49, 177, 269, 278, 311 and 
334; and Tyr residues 75 and 145. DNA-PK kinase (T 177; 
LLGMDKATQQQLIDD) was predicted as phosphorylated 
for Der f 20.

Der f 20 includes 356 amino acids and has a molecular 
weight of 40177.8 Da. The protein contains 49 negatively 
charged residues (Asp and Glu) and 46 positively charged resi-
dues (Arg and Lys). Der f 20 had a theoretical pI of 6.24 and an 
aliphatic index of 95.06. GRAVY was -0.103, indicating that 
Der f 20 exhibits a hydrophilic characteristic. The instability 
index was 30.57, indicating that the amino acid sequence of 
Der f 20 was stable.

Structural analysis and homology modeling. The Der f 20 
protein sequences were entered into the TMHMM Server 
2.0 to predict transmembrane helices. The computed results 
showed that Der f 20 had no transmembrane helices, and 
all protein sequences were located outside of the membrane 
(Fig. 1). The percentages of overall amino acids located 
in α-helices, β-sheets and random coils were 41.57% (12 
domains), 15.73% (10 domains) and 42.70%, respectively 
(Table I).

The tertiary structure of Litopenaeus vannamei arginine 
kinase (PDB accession no. 4BG4) had a high sequence identity 
(78%) with Der f 20 and was therefore used as the template 
for homology modeling. Following homology modeling, 
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a Ramachandran plot showed that 89.4% of the amino acid 
residues within the tertiary structure of Der f 20 were within 
the most favored regions; 9.9% of residues were in additional 
allowed regions; 0.6% of residues were in generously allowed 
regions; and 0% of residues were in disallowed regions. The 
ERRAT results showed that the overall quality factor was 
96.264, indicating that the tertiary structure of Der f 20 had 
high resolution. The VERIFY 3D results showed that 96.63% 
of residues had an average 3D‑1D score ≥0.2, indicating that 
the structures were favorable. As indicated by ProSa, the 
Z-scores of template and Der f 20 showed high matching 
between the tertiary structures of the protein. The QMEAN 
server results showed that the QMEAN Z-score was -0.82 
and the standard deviation value was <1, indicating that the 

protein model variation rate was low, overall folding and local 
structures had high accuracy rates and stereochemistry was 
reasonable. In addition, the Q value was 0.753, indicating that 
the predicted model of Der f 20 was reliable. Therefore, based 
on these results, the tertiary structure model of Der f 20 was 
reliable and suitable for use in the present study (Table II; 
Fig. 2A).

The tertiary structure of Der f 20 was also found to contain 
α-helices, β-sheets and random coils, although the amino acid 
numbers of these three elements were marginally different, 
compared with the secondary structure. The percentages of 
overall amino acids located in α-helices, β-sheets and random 
coils were 41.01% (14 domains), 13.48% (10 domains) and 
45.51%, respectively (Table I).

Table I. Secondary and tertiary structural elements of Der f 20.

Structure α-helices (%) β-sheets (%) Random coils (%)

Secondary  41.57 (12 domains) 15.73 (10 domains) 42.70
Tertiary  41.01 (14 domains) 13.48 (10 domains) 45.51

Figure 1. Secondary structure elements for Der f 20. α-helices underlined; β-sheets are shaded grey; random coils are unlabeled; epitopes are shown in boxes; 
and the black triangle indicates the active site.

Table II. Evaluation parameters for the tertiary structure of Der f 20.

 Structural assessment  ERRAT VERIFY
Protein method Ramachandran plot % value 3D (%) Z-score Q-value

Der f 20 PROCHECK  89.4 core 96.264 96.63
  9.9 allowed
  0.6 generously allowed
  0.0 disallowed
 ProSa    -10.17
 QMEAN    -0.12 0.753
4BG4 PROCHECK  92.0 core 98.127 95.21
  7.6 allowed
  0.5 generously allowed
  0.0 disallowed
 ProSa    -10.53
 QMEAN    -0.14 0.748
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B‑cell epitope prediction. Hydrophobicity, fragment flex-
ibility/mobility, surface accessibility, polarity, exposed 
surface and turns are important features for B-cell antigenic 
epitope identification. These antigenic indices were used 
to determine the epitope forming capacity of the Der f 20 
amino acid sequence. Based on antigenic indices, BcePred, 
ABCpred, BCPred and BPAP were used in the present study 
to predict B-cell epitopes. Ultimately, seven antigenic epitope 
peptides were predicted, including 20-25, 43-49, 110-118, 
131-142, 170-174, 203-210 and 311-321 (Tables III and IV; 
Fig. 2B).

T‑cell epitope prediction. NetMHCIIpan 3.1 was used to 
predict T-cell epitopes in the regions of HLA-DR DRB101, 
HLA-DRB301, HLA-DRB40 and HLA-DRB501. NetMHCII 
2.2 was used to predict T-cell epitopes in the regions of 
HLA-DQA10101-DQB10501, HLA-DQA10102-DQB10602, 
HLA-DQA10301-DQB10302, HLA-DQA10401-DQB10402, 
HLA-DQA10501-DQB10201 and HLA-DQA10501-DQB10301. 
Combined with the software results, two T-cell epitope peptides 
were ultimately predicted, including 194-202 and 274-282 
(Tables III and IV; Fig. 2C).

Discussion

Type I allergic diseases, including rhinitis, asthma and atopic 
dermatitis, are increasing worldwide. HDM antigens are 
responsible for the sensitization of >50% of patients with airway 
allergic disease (7,40). Therefore, the prediction and character-
ization of specific B‑cell and T‑cell epitopes of HDM allergens, 
including Der f 20, can assist in mechanistic investigations of 
immune responses and the design of epitope-based vaccines.

Der f 20 is a member of the ATP:guanido phosphotrans-
ferase family and arginine kinase superfamily, and the protein 
contains a phosphagen kinase motif pattern and an active site 

at residue 271. Der f 20 is a hydrophilic and stable protein with 
no transmembrane helices and all protein sequences located 
outside of the membrane. Homology modeling, or compara-
tive protein modeling, construct a Der f 20 structure based on 
comparisons with data extracted from homologous sequences 
with known structures (parents or templates) (41).

The quality of a homology model is dependent on high 
quality sequence alignment and template structure. Therefore, 
the present study used the crystal structure of 4BG4 as a 
template, as it has 78% sequence identity with Der f 20. 
Following homology modeling with MODELLER, various 
additional parameters/programs were incorporated to estab-
lish a reliable model of Der f 20. Although Der f 20 contains 
α-helices, β-sheets and random coils, the numbers of amino 
acids in these three elements in the tertiary structure were 
found to vary marginally from the secondary structure. This 
discrepancy may be due to different structural prediction 
methods.

Epitopes or antigenic determinants, which represent the 
immune-active regions of antigen molecules, are the regions 
of an antigen, which are recognized by the immune system, 
specifically by antibodies and lymphocyte (B‑cell or T‑cell) 
surface antigen receptors. The properties of the antigen 
epitope, their number and their spatial configuration deter-
mine antigen specificity (42,43). Epitopes usually contain 6‑8 
amino acids residues and in general contain <20 amino acid 
residues.

In the present study, BcePred, ABCpred, BCPreds and 
BPAP were used to predict the B-cell epitopes of Der f 20. 
Secondary and tertiary protein structures also contain 
important information for B-cell epitope prediction. For 
example, α-helices and β-sheets have higher chemical bond 
energy and have difficulty forming epitope sequences. 
By contrast, β-turns and random coils are located in 
surface-exposed regions of a protein, which often contain 

Figure 2. B-cell and T-cell epitopes on the 3D structure of Der f 20. (A-1 and A-2) 3D structure of Der f 20. (B-1 and B-2) B-cell epitopes on the 3D structure 
of Der f 20. (C-1 and C-2) T-cell epitopes on the 3D structure of Der f 20.
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epitope sequences (44). Integrating the shared results of the 
four servers, and combining information from secondary and 
tertiary structures, the present study ultimately predicted 
six B-cell epitope peptides: 20-25, 41-49, 111-118, 131-141, 
170-174 and 312-321. A total of three T-cell epitope peptides 
were predicted: 194-202, 239-247 and 274-282. In addi-
tion, allergen epitopes usually contain high proportions of 
hydrophobic amino acid residues, including Ala, Ser, Asn, 
Gly and Lys (45). The predictions showed that the majority of 
the B‑cell and T‑cell epitopes identified in the present study 

contained multiple hydrophobic amino acids. However, these 
predicted epitopes require further experimental verification.

In conclusion, the present study constructed a reason-
able tertiary structure of Der f 20. Using bioinformatics, the 
B-cell epitopes (20-25, 41-49, 111-118, 131-141, 170-174 and 
312-321) and T-cell epitopes (194-202, 239-247 and 274-282) 
were predicted based on the secondary and tertiary struc-
tures of Der f 20. These results represent a significant step 
towards the design of Der f 20 epitope-based vaccines for 
allergic diseases.

Table IV. Predicted B-cell and T-cell epitopes of Dermatophagoides farina 20.

Peptide Type of epitope Position Sequencea

P1 B 20-25 SAECHS
P2 B 41-49 GRKTGMGAT
P3 B 111-118 CNVDPNNE
P4 B 131-141 LQGYPFNPCLT
P5 B 170-174 LLGMD
P6 B 312-321 AGEHTESVGG
P7 T 194-202 FLQAANACR
P8 T 239-247 LKQVFSRLI
P9 T 274-282 NLGTTIRAS

aRegions highlighted in black with white text represent hydrophobic amino acid residues.

Table III. B-cell and T-cell epitope prediction.

Epitope prediction Prediction server Prediction result

B-cell epitopes BcePred 12-18, 36-45, 143-152, 229-235, 256-263, 
  290-297, 321-330
 ABCpred 3-19, 24-40, 37-53, 61-77, 69-85, 83-99, 94-110, 
  127-143, 158-174, 164-180, 179-195, 185-201,
  203-219, 228-244, 252-268, 309-325, 320-336,
  329-345
 BCPred 99-119, 131-151, 311-331, 207-227
 BPAP system 11-29, 31-38, 47-56, 73-87, 106-113, 117-142, 
  164-172, 177-187, 193-210, 238-249, 264-273,
  279-290, 296-308, 317-324, 345-351
T-cell epitopes (HLA-DR) NetMHCIIpan-3.0 (DRB1*01:01) 14-22, 167-175, 194-202, 239-247, 243-251, 
  267-275
 NetMHCIIpan-3.0 (DRB3*01:01) 
 NetMHCIIpan-3.0 (DRB4*01:01) 
 NetMHCIIpan-3.0 (DRB5*01:01) 194-202, 279-287
T-cell epitopes (HLA-DQ) NetMHCII-2.2 (HLA-DQA10101-DQB10501) 
 NetMHCII-2.2 (HLA-DQA10102-DQB10602) 228-236, 274-282
 NetMHCII-2.2 (HLA-DQA10301-DQB10302) 
 NetMHCII-2.2 (HLA-DQA10401-DQB10402) 217-225
 NetMHCII-2.2 (HLA-DQA10501-DQB10201) 
 NetMHCII-2.2 (HLA-DQA10501-DQB10301) 45-53, 66-74

BPAP, Bioinformatics Predicted Antigenic Peptides.
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