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Abstract: House dust mites, Dermatophagoides farinae (D. farina), are a major indoor allergen causing allergies. Al-
lergic diseases caused by house dust mites have become a worldwide problem. Proper characterization of allergens 
is pivotal to the development of effective diagnosis or immunotherapy. This present study reports a new allergen, 
cathepsin D, extracted from D. farina. To evaluate the allergic activity of cathepsin D, total RNA was extracted and 
cathepsin D was amplified by RT-PCR. Results of restriction enzyme digestion indicated that the cathepsin D gene 
consisting of 1,143 bases was cloned. SDS-PAGE showed that the size of cathepsin D was 43 kDa. After expression 
in E. coli and affinity purification, IgE reactivity was evaluated by enzyme-linked immune sorbent assay (ELISA), with 
the sera of mite-related allergic patients, and by skin prick tests (SPT) in mite-related allergic human subjects. Posi-
tive results in ELISA and SPT revealed that cathepsin D has allergenicity and is a new allergen found in D. farina. 
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Introduction

Prevalence of respiratory allergic diseases has 
increased rapidly over the past several decad- 
es [1]. House dust mites (HDMs) are commonly 
found in the environment. Allergens from hou- 
se dust mites have been recognized as a major 
cause of airway allergic diseases, accounting 
for more than 50% of asthma cases and/or  
rhinitis in patients sensitized to house dust 
mites [2]. Specific immunotherapy (SIT) is con-
sidered to be the only disease-modifying tre- 
atment for allergic diseases [3]. At present, 
immunotherapeutic vaccines for allergies are 
largely prepared from crude allergen extracts. 
However, the use of crude extracts may lead to 
numerous complications. One of these com- 
plications is caused by the fact that crude 
extracts often contain ill-defined allergens and 
could be polluted by nonallergenic compo-
nents. This presents a technical barrier to the 
development of SIT [4]. Thirty-three groups of 

dust mite allergens have been identified from 
Dermatophagoides farinae (http://www.aller-
gen.org/). Some of these have been extensive- 
ly studied, including Der f1 and Der f2. Apart 
from these two groups of allergens, Der f3, f6, 
f7, and other allergens may provoke hyperre- 
activity or inflammatory reactions [5-11, 12]. 
Therefore, identification of allergens in D. farina 
is essential to improving efficacy and safety of 
SIT with HDMs.

Previous studies have shown that cathepsin D 
is an aspartic protease present in lysosome-
related organelles, such as secretory inflam- 
matory granules of basophilic/mast cells, se- 
cretory lytic granules of natural killer cells, and 
endosome-like MHC compartment of antigen-
presenting cells (APCs) [13]. Cathepsin D is 
involved in many pathological processes, in- 
cluding inflammatory states, neoplasms, rheu-
matic diseases, apoptosis, and muscle dystro-
phy. It has also been reported to be closely 
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associated with allergic asthma [14, 15]. How- 
ever, the allergenicity of cathepsin D from 
Dermatophagoides farinae remains unclear. 
This present study cloned, expressed, and puri-
fied cathepsin D. SPT tests were also used to 
evaluate levels of allergenicity of cathepsin D. 
Results of this study demonstrate that cathep-
sin D is capable of inducing hypersensitivity in 
humans.

The concept of precision medicine is curren- 
tly emerging [16, 17]. This emergence is str- 
ongly promoted by the development of bioi- 
nformatics. This is because the use of bioin- 
formatics can help predict key target spots  
of a disease, providing important references  
for drug development. Previous reports about 
epitope peptide vaccines have shown excell- 
ent potential application prospects, hence, epi-
tope prediction of novel allergens is requir- 
ed [18-20]. Novel vaccines, synthesized bas- 
ed on B-cells of the T-cell epitope, have been 
demonstrated to activate human B cells to  
produce specific antibodies, activating cyto- 
toxic lymphocytes (CTL) to eliminate infected 
cells [18]. In this study, diverse bioinforma- 
tics tools were used to predict properties of 
cathepsin D, providing valuable information  
for further vaccine development and clinical 
applications. 

Materials and methods

Sera of allergic patients

Sera of allergic patients were supplied from  
the First Affiliated Hospital of Guangzhou 
Medical University. This study was approved by 
the Human Ethics Committee of Shenzhen 
University.

Culture and extraction of house dust mites

House dust mites were cultured at 25°C wi- 
th 70% relative humidity, as previously report- 
ed [21]. After several days of culturing, ripe 
mites were extracted using a modified heat-
escape method. After washing with 1X PBS,  
the bodies of mites were grinded to powder  
in liquid nitrogen. After treatment with lysa- 
te (9M urea, 4% CHAPS, 60 mM DTT, 2% IPG 
buffer), samples were centrifuged at 15,000 
rpm for 50 minutes at 4°C. The supernatant 
was stored after lyophilization. 

Total RNA extraction and cDNA cloning of 
cathepsin D

Total RNA was extracted from treated mite  
bodies with TRIzol (Invitrogen), according to 
manufacturer instructions. To synthesize full-
length cDNA of cathepsin D, reverse transc- 
ription-polymerase chain reaction assay (RT- 
PCR) was used with extracted total RNA as a 
template. Each reaction system of 50 μL con-
sisted of 5 μL 10 x ExTaq Buffer, 0.25 μL 
TaKaRa ExTaq, and a mixture of 4 μL dNTP  
and 2 μL primers of 5’ and 3’. Remaining parts 
of the solution were supplemented with de- 
ionized water. PCR program was set with the 
following conditions: denaturation at 94°C for  
1 minute, annealing at 50°C for 1 minute,  
and extension at 72°C for 1 minute, for 35 
cycles. Completion of target cDNA cloning 
would be ensured by the Bioanalyzer and 1% 
agarose electrophoresis.

Expression and purification of recombinant 
cathepsin D

cDNA purified products were connected to a 
PMD-18T vector and the constructed plasmid 
was transformed into E. coli by heat transfor-
mation. Transformed bacteria were cultured in 
the LB-agarose medium with 100 mg/L ampi-
cillin overnight at 37°C. Afterward, recombinant 
E. coli were collected for plasmid extraction. 
Extracted plasmids were assayed by BamH I 
enzymes and were delegated to BGI (Shen- 
zhen, China) for sequencing. The target sequ-
ence corresponding to cathepsin D was ligat- 
ed with the pET-28a (+) vector at 37°C for 4 
hours. Next, recombinant cloning products 
were amplified with E. coli using the same 
method as mentioned above. To express the 
target protein, Pet-28a (+)-cathepsin D plasmid 
was translated to BL21 E. coli and was then sc- 
reened in the kanamycin LB-agarose medium. 
The E. coli were then cultured in the LB-medium 
supplemented with 50 µg/mL kanamycin until 
the logarithmic phase (A600 nm = 0.6~0.9) 
was reached. Isopropyl-D-thiogalactopyranosi- 
de (IPTG) was supplemented to the culture 
medium to induce expression of the target  
protein. Bacterial cells were cultured at 37°C 
for 4 hours and harvested by centrifugation. 
After ultrasonic fragmentation, the supernatant 
and precipitate of the solution were analyzed 
with sodium dodecyl sulfate-agarose gel elec-
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trophoresis (SDS-PAGE). Constituents with the 
target protein were treated with cracking, lysis, 
and ultrasonication. Clear liquid on samples 
was then purified by the balanced Ni+ NTA col-
umn at a speed of 2 mL/min. Protein was then 
collected and purified by molecular sieve chro-
matography after adequate washing and slow 
elution.

Analysis of allergenicity using enzyme-linked 
immune sorbent assay (ELISA)

The allergenicity of cathepsin D protein was 
evaluated by ELISA. For antigen coating, a car-
bonate buffered solution (CBS. 100 μL/well, pH 
9.5) was added into a microtiter plate overnight 
at 4°C. Next, 3% bovine serum albumin (BSA, 

Figure 1. Cloning of cathepsin D. A. Amino acid sequences of cathepsin D. B. PCR of cathepsin D cDNA. M: DNA 
marker; 1: Cathepsin D gene. C. Restriction enzymatic digestion of recombinant plasmid. (M: DNA marker; 1: ca-
thepsin D DNA).
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200 μL/well) was used for blocking for 2 ho- 
urs. Diluted asthmatic patient sera or BSA  
(negative control) were supplemented and in- 
cubated for 1 hour at room temperature. The 

used as negative and positive controls, res-
pectively. Skin response was observed at 20 
minutes. It was defined as positive when the 
prick spot became a wheal and fleck surround-

Figure 2. Sequence alignment and phylogenetic tree analysis of D. farina cathepsin D. A. Sequence alignment of 
cathepsin D from different sources. Derf (Dermatophagoides farinae), Tyrp (Tyrophagus putrescentiae), Blot (Blomia 
tropicalis). B. Phylogenetic tree of D. farina cathepsin D with 17 other species.

Figure 3. Preparation of recombinant cathepsin D and immunological char-
acterization. A. SDS-PAGE analysis of the protein expressed from pET-28a 
(+)-cathepsin D recombinant plasmids in E. coli. M: Protein marker; 1: Target 
protein. B. Specific IgE reactivity to cathepsin D was evaluated by ELISA. P1-
P3, the serum from cathepsin D SPT positive patients; N, the serum from 
healthy subjects. IgE levels of each patient group (P1-P3) compared to the 
normal group (N). t-test was used to assess statistical significance (**, 
P<0.05. ***, P<0.01).

plate was then incubated  
with peroxidase-labeled goat 
anti-human IgE (1:2000) for  
1 hour at 37°C, followed by 
the addition of PBST for wa- 
shing (3 times). For enzyme 
reactions, tetramethylben-zi- 
dine (TMB, 100 uL/well) was 
added and stopped by 2M 
H2SO4 (50 μL/well). Fluores- 
cence intensity of each well 
was analyzed by an ELx808 
absorbance microplate read-
er (BioTek, Shanghai, China) 
at 450 nm.

Skin prick test (SPT) of ca-
thepsin D

Recombinant cathepsin D 
was purified and dissolved in 
a phosphate buffer (50 mM 
PB, 100 mM NaCl, pH 7.4). 
Sodium chloride (0.9%) and 
histamine (5 mg/mL) were 
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ing the wheal. Degrees of allergic reaction were 
defined as follows: 4+, response was strong- 
er than the histamine group; 3+, response was 
almost the same as the histamine group; 2+, 
response was weaker than histamine group, 
but stronger than the negative group; and 1+, 
response was significantly weaker than hista-
mine group, but slightly stronger than negative 
group.

This study was approved by the Ethics Co- 
mmittee and written informed consent was 
obtained from all participants for the use of 
these clinical materials for research purposes 
and skin tests. There were no children in the 
SPT.

Bioinformatics analysis of cathepsin D

After analyzing the open reading frame of 
cathepsin D, the amino acid sequence of the 
protein was deduced using DNAMAN 8 so- 
ftware. B-cell epitopes of cathepsin D were  
predicted by three bioinformatics tools [DN- 
AStar, BepiPred 1.0 server, and BPAP (bioin- 
formatics predicted antigenic peptides)] [22-
24]. In addition, T-cell epitopes were predict- 

the input of a protein sequence [28, 29]. 
Previously, diverse studies have reported the 
use of ProtScale to compute profiles produced 
by any amino acid scale on a selected protein. 
In this present study, the hydrophilicity, average 
flexibility, and relative mutability of cathepsin  
D were predicted by ProtScale (http://web.
expasy.org/protscale/) [30, 31]. PSIPRED, a 
simple and accurate method for prediction of 
secondary structures incorporating two feed-
forward neural networks that perform analysis 
of output obtained from PSI-BLAST (Position 
Specific lterated-BLAST), was used to predi- 
ct the secondary structure of cathepsin D  
[32]. In a eukaryote, functions of the proteins 
are usually regulated by phosphorylation and 
dephosphorylation [33]. Given the importan- 
ce of protein phosphorylation in regulating  
cellular signaling, this study computed the 
phosphorylation site of cathepsin D by Net- 
Pho 2.0. Subcellular localization of cathepsin  
D was predicted by CELLO2.5 [34]. Function- 
al sites or motifs of cathepsin D were predict- 
ed by InterPro5.0 (http://www.ebi.ac.uk/inter-
pro/) and ScanProsite (http://prosite.expasy.
org/scanprosite/), in accordance with recent 
studies [35-37]. 

Table 1. Demographic data of mite allergic patients and skin test 
results of cathepsin D

Subject Gender/Age Diagnosis
Net wheal size (mm), Level

DME Histamine PS r-Cathepsin D
1 Female/9 AR, FA 7, +++ 5.5 0 0
2 Female/72 BA, DA 2, + 5 0 0
3 Male/17 BA, AR 14, +++ 7.5 0 0
4 Female/28 2, + 4.5 0 0
5 Male/62 AR, AD, DA 2.25, + 4.75 0 0
6 Female/84 BA, FA 2.5, ++ 3.5 0 0
7 Male/11 BA, AR 9, +++ 5.5 0 2, +
8 Male/47 BA, AR 3.5, ++ 5.5 0 0
9 Male/45 AR 2, + 7.5 0 0
10 Female/52 AR, FA 1.5, + 5.5 0 0
11 Male/20 BA, FA 1.5, + 5 0 0
12 Female/20 BA 2, ++ 4 0 0
13 Female/13 AR 1.25, ++++ 6 0 2, +
14 Female/66 BA, AR, DA 9, +++ 5.5 0 0
15 Female/64 BA 2.25, + 6 0 0
16 Female/41 BA, AR 3.5, ++ 5.5 0 0
17 Female/44 BA, AR 4.5, +++ 4.5 0 1.5, +
BA (Bronchial asthma); AR (Allergic rhinitis); AD (Atopic dermatitis); FA (Food allergy); DA 
(Drug allergy); PS (physiological saline). Positive: ≥ 1; Negative: 0.

ed using four softwa- 
re/databases (SYFPEITHI, 
NetMHCII, NetMHCIIpan, 
and Preprod) in accorda- 
nce to previously report- 
ed methods [22-24]. For 
SignalP-NN of cathepsin D 
prediction, SignalP 4.1 so- 
ftware n (http://www.cbs.
dtu.dk/services/SignalP/) 
was used. SignalP is pow-
erful software widely us- 
ed to predict the presen- 
ce and location of sign- 
al peptide sites in amino 
acid sequences from dif-
ferent organisms via sev-
eral artificial neural net-
works [25-27]. Physicoch- 
emical properties of ca- 
thepsin D were predicted 
by ProtParam (http://web.
expasy.org/protparam/), 
widely used software wh- 
ich is able to compute va- 
rious physical and chemi-
cal parameters based on 
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Statistical analysis

All data are expressed as mean ± SD and were 
processed with Graphpad software. One-way 
ANOVA was used for examining mean differ-

cloned (1143 bp). Homologous comparisons 
(Figure 2A) and molecular phylogenetic analy-
sis (Figure 2B) were constructed by MEGA5. 1. 
Results revealed that D. farina cathepsin D has 
a close relationship with Tyrophagus putres-

Figure 4. Secondary structure and epitope prediction. Five B-cell epitope peptides and six T-cell epitope peptides as 
predicted by different tools. Phosphorylation sites are also shown. 

Figure 5. SignalP-NN prediction (euk networks) by SignalP 4.1 software. ‘C-
score’ is predicted cleavage site value, ‘S-score’ is predicted signal peptide 
value, and ‘Y-score’ is a combination of C- and S-scores. The output figure 
indicates that there were no obvious peak of Y-scores. It was deduced that 
there was no possibility of cleavage site amino acids in cathepsin D protein. 

ences between patient gro- 
ups (P1, P2, or P3) and the 
normal group (N). **, P<0.05. 
***, P<0.01. 

Results

Cloning and sequence align-
ment of the dust mite cathep-
sin D gene

D. farina cathepsin D gen- 
es consist of 1,143 bases, 
encoding 380 amino acids 
(Figure 1A). Results of aga-
rose gel electrophoresis (Fig- 
ure 1B) and double enzyma- 
tic digestion (Figure 1C) sh- 
owed that the electrophoretic 
band of the PCR product was 
around 1,100, the same as 
the expected gene sequence 
of cathepsin D. This shows 
that the target DNA (cathep-
sin D) has been successfully 
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centiae, Blomia tropicalis, and 
Sarcoptes scabiei.

Expression and purification of 
recombinant cathepsin D

This study cloned the cathep-
sin D gene sequence into pET-
28a (+), expressed, and then 
purified recombinant cathepsin 
D protein. Quality of the recom-
binant protein was identified by 
SDS-PAGE analysis (Figure 3A). 
Results showed that protein 
was obtained with high purity 
after purification.

Allergenicity analysis of ca-
thepsin D

This study was approved and 
supervised by the Ethics Co- 
mmittee (ethical approval num-
ber: 201540, the relevant doc-
ument of the experiment is  
supplied in Supplementary 
Information 1). Results of SPT 
(Table 1) showed that 3 out of 
17 mite allergic patients sho- 
wed positive reactions to ca- 
thepsin D. This indicates that 
cathepsin D has the ability of 
binding IgE in the serum of al- 
lergic patients. To further deter-
mine the IgE binding ability of 
cathepsin D, ELISA was per-
formed using the serum of 
allergic patients. There were 
significant differences between 
the cathepsin D group and con-
trol group (Figure 3). These 
phenomena indicate that ca- 
thepsin D could be regarded as 
a subtype allergen in D. farina.

Structural and functional 
prediction

Flexibility, hydrophilicity, and 
surface accessibility are impor-
tant properties for B-cell epi- 
tope identification. Based on 
these features, peptides pre-
dicted by DNAstar were 39- 
52, 97-111, 199-204, 216-
223, 245-250, 321-325 and 
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376-380. Peptides predicted by the Bepi-Pred 
1.0 server were 40-57, 60-68, 100-112, 120-
123, 143-152, 172-179, 202-208, 213-223, 
245-251, 264-281, 286-293, 317-321 and 
378-380. Bioinformatics-predicted antigenic 
peptides were 15-37, 41-50, 66-73, 79-96, 
129-142, 145-169, 173-179, 186-198, 224-
234, 250-263, 278-284, 305-312, 318-328, 
332-347, 349-365 and 369-375. Final results 

pathicity (GRAVY) were predicted as 6.21, 
77.21, and -0.222 respectively. To predict the 
hydrophilicity, average flexibility, relative muta-
bility, and polarity and molar fraction of cath- 
epsin D, ProtScale was used. As shown by out-
put given by ProScale software scale Hphob, 
the protein was predicted to be highly hydro-
phobic (Figure 6A). Average flexibility results 
showed that the maximum score was comput-

Figure 6. Bioinformatics analysis of cathepsin D. X-axis represents the pro-
tein length from N- to C-terminal. Y-axis represents the score. A. Hydrophilic 
predicted results of cathepsin D (ProtScale software, Kyte & Doolittle). B. 
Average flexibility predicted results of cathepsin D (ProtScale software). C. 
Relative mutability predicted results of cathepsin D (ProtScale software). D. 
Polarity/zimmerman of cathepsin D (ProtScale software). E. Accessible resi-
dues of cathepsin D (ProtScale software).

of these three methods pre-
dicted 5 epitope peptides, 
41-50, 100-111, 145-152, 
173-179 and 216-223 (Figure 
4). In addition, results of T- 
cell epitopes predictions we- 
re obtained. Six peptide se- 
quences (aa 17-31, 114-128, 
186-200, 219-233, 300-314, 
338-352) were predicted as 
potential epitopes of cath- 
epsin D (Figure 4). The sec-
ondary structure of cathep- 
sin D predicted by PSIPRED 
possessed five helices and 
twenty-four strands (Figure 
4). Phosphorylation sites pre-
diction of cathepsin D with 
netphos 2.0 identified one 
serine (173), three threonine 
(64, 107 and 321), and six 
tyrosine (51, 57, 89, 108, 220 
and 221) residues (Figure  
4). SignalP-NN prediction  
(euk networks) was perform- 
ed using SignalP4.1 softwa- 
re. As shown, there was no 
possibility of the cleavage si- 
te amino acids predicted by 
Signal 4.1 Server (Figure 5). 
Physicochemical properties 
of cathepsin D were predict- 
ed by ProtParam tools. Re- 
sults suggested that prote- 
in cathepsin D, whose formu-
la was C1922H2906N488O561S13, 
consisted of 5,890 atoms, 
with a molecular weight of 
42241.93Da. The instability 
index (II) of cathepsin D was 
computed to be 34.24. This 
indicated that this protein 
was stable. In addition, the 
theoretical PI, aliphatic ind- 
ex, grand average of hydro-
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ed to be 0.498 at amino acid position 205. The 
minimum score was computed to be 0.350 at 
amino acid position 34 (Figure 6B). Moreover, 
results of relative mutability prediction showed 
the maximum score of 112.000 located at 
amino acid position 243 and minimum score  
of 53.333 located at amino acid position 41 
(Figure 6C). Predicted results of polarity show- 
ed that the maximum score was 34.412 and 
the minimum score was 0.618, locating at 
amino acid positions 36 and 340, respective- 
ly (Figure 6D). Molar fraction (%) was comput- 
ed with a maximum score of 8.667 at ami- 
no acid position 103 and minimum score of 
3.456 at amino acid position 34 (Figure 6E). 
Furthermore, protein subcellular localization of 
cathepsin D was predicted by CELLO2.5, ac- 
cording to a previous study [38] (Table 2), with 
functional sites or motifs allergen of cathepsin 
D being computed (Table 3). Results of T-cell 
epitopes predicted were also obtained (Table 
4). These results indicate possible physico-
chemical properties and structural domain of 
cathepsin D.

Discussion

Application of molecular biology technology  
to obtain new allergens can provide compre-
hensive information for development of SIT. 
There are many allergens in D. farina that ha- 
ve not been isolated and identified [12]. Wi- 
th the help of genome sequencing and bioin- 
formatics, this present study has identified  
new allergens in D. farina. This should be useful 
for future HDM allergy diagnosis and therapy 
[21].

In previous studies, cathepsin D, a protein that 
can degrade proteins and activate precursors 
of bioactive proteins in pre-lysosomal comp- 
artments, has been recognized as an aspar- 
tic endo-protease widely distributed in lyso-
some-related organelles [13, 39]. Abnormal 
expression of cathepsin D can lead to several 
diseases, including breast cancer and possibly 
Alzheimer’s disease [40]. Some studies have 
also reported that cathepsin D is involved in 
many pathological processes, such as inflam-
matory states, neoplasms, rheumatic diseas-
es, apoptosis, and muscle dystrophy [14]. Th- 
ese suggest the possibility that cathepsin D 
may also work as an allergen in the human 
body.

cDNA encoding cathepsin D from D. farina has 
been successfully cloned. This study found that 
cathepsin D, consisting of 380 amino acids, 
was encoded by a gene having 1143 bp. Se- 
quence alignment and evolutionary tree an- 
alysis showed that the homology of D. farina 
cathepsin D gene sequence with Tyrophagus 
putrescentiae cathepsin D (GenBank: AOD75- 
397.1) was 71%, with Blomia tropicalis cath- 
epsin D (GenBank: AAX33731.1) 70%, and wi- 
th Tityus obscurus cathepsin D (GenBank: 
JAT91150.1) 61%. 

Allergenicity of cathepsin D was evaluated by 
the skin prick test, with 3 (17.6%) out of 17 
house dust mite allergic patients having posi-
tive reactions to this purified protein. To further 
confirm the IgE-binding ability of cathepsin D, 
this study performed ELISA using sera from two 
healthy individuals and from three cathepsin D 
SPT positive allergic patients. Results demon-
strated that cathepsin D can bind to serum IgE 
from cathepsin D SPT positive allergic patients. 
These results indicate that cathepsin D is a 
new allergen in D. farina.

Bioinformatics analysis plays an important ro- 
le in predicting the structure and properties of 
target proteins. Sequence, structural domain, 
physicochemical properties, functional charac-
teristics, and allergenticity have been predict-
ed, enabling researchers to recognize the rela-
tionship between properties and structures. In 
this study, cathepsin D showed a relative sta- 
ble feature with high hydrophobicity. Also, B- 
cell and T-cell epitopes were predicted by dif- 
ferent tools. To improve the accuracy of com- 

Table 2. The prediction of protein subcellular 
localization (CELLO2.5) Cathepsin D
Support vector machine Localization Reliability
Amino Acid Comp Extracellular 0.482
N-peptide Comp OuterMembrane 0.680
Partitioned seq. Comp Extracellular 0.573
Physico-chemical Comp Extracellular 0.866
Neighboring seq. Comp Extracellular 0.404
CELLO Prediction:

Extracellular 2.528
OuterMembrane 1.131

Periplasmic 0.920
Cytoplasmic 0.326

InnerMembrane 0.095
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putational predictions, multiple results were 
integrated. In addition, serial indexes including 
SignalP-NN, physicochemical properties, hyd- 
rophilicity, average flexibility, and relative mu- 
tability were computed by different software. 
Results parameters can allow for better und- 
erstanding of the properties and structures  
of cathepsin D in D. farina. In conclusion, pro-
tein cathepsin D shows obvious allergenticity 
and physicochemical properties. The findings 
reported in this study should be of great help to 
future immunological studies.
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