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Abstract: The cDNA coding for the group 9 allergen of Dermatophagoides farinae (Hughes) (Acari: Pyroglyphidae) 
from southeast China was cloned and sequenced in the present study. There were five mismatched nucleotides in 
five obtained cDNA clones resulting in two incompatible amino acid residues in allergen active part, suggesting that 
Der f 9 allergen might have sequence polymorphism. Bioinformatics analysis revealed that the matured Der f 9 al-
lergen has a molecular weight of 24216.3 Da and theoretical pI of 8.75, and maybe a member of serine proteases. 
Similarities in amino acid sequences between Der f 9 and the group 9 allergens of other dust mite species, viz. 
Ale o 9, Blo t 9, sui m 9 were 57%, 61%, 62%, respectively. However, the similarity between Der f 9 and trypsin-like 
serine protease of D. pteronyssinus, serine protease LM-1 of D. pteronyssinus were 70%, 87%, respectively. The 
similarity between Der f 9 and Der f 6 was 40%. Phylogenetic analysis indicated that Der f 9 and Ale o 9, Blo t 9, 
sui m 9, trypsin-like serine protease of D. pteronyssinus, serine protease LM-1 of D. pteronyssinus were clustered 
together with 95% bootstrap support. Bioinformatics- driven characterization of Der f 9 allergen as conducted here 
may contribute to diagnostic and therapeutic applications for dust mite allergies. 
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Introduction

House dust mites are the major sources of 
indoor allergens causing allergic disorders such 
as bronchial asthma, perennial rhinitis and 
atopic dermatitis, and over 30 groups of com-
ponents in crude dust mite extracts have been 
shown to react with human IgE antibody [1-3]. 
As an etiology-based treatment method, aller-
gen-specific immunotherapy has been widely 
used in clinical settings for many years since its 
efficacy in the treatment of both allergic rhino-
conjunctivitis and allergic asthma was demon-
strated in appropriate double-blind, placebo-
controlled trials and its mechanism of action 
was better understood [4, 5]. However, the 
immunotherapy is not effective in all patients, 
sometimes induces side effects and cause new 
sensitizations due to its complicated composi-
tions [6-8]. These disadvantages are reported 
to be related to complicated compositions in 
crude mite extracts. Identification and charac-

terization of these mite allergen molecules are 
an important step in the development of new 
effective diagnostic procedures and possible 
therapeutic strategies for allergic disorders 
associated with dust mites.

Of the 23 groups of dust mite allergens listed  
in the IUIS (International Union of Immunolo- 
gical Societies) nomenclature dataset (http://
www.allergen.org/), 21 have been identified 
from Dermatophagoides spp. According to 
immunological analysis, more than 90% of mite 
allergic patients have IgE binding reactivity with 
the group 1, 2, 3 and 9 allergens [9, 10]. The 
complete ORF of the group 1 allergen of Derma- 
tophagoides farinae was found in the cloned 
fragment with a full length of 966 bps, after the 
sequence that contained characteristic fea-
tures of a signal peptides with 18 amino acids 
residues at the 5’ proximal end and a pro-pep-
tide with 80 amino acid residues being re- 
moved, the remaining nucleotide sequence 

http://www.ijcem.com


Molecular characterization of Der f 9

17176 Int J Clin Exp Med 2016;9(9):17175-17186

(672 bp) encode an hydrophobic extracellular 
protein with molecular weight of 25.148 kD, 
containing three cysteine peptidase active 
sites [11]. The full-length cDNA of the group 2 
allergen of D. farinae (Der f 2) comprise 441 
nucleotides, after the sequence for signal pep-
tide of 17 amino acids being removed, the aller-
gen should be a hydrophilic protein with a rela-
tive molecular weight of 14.076 kDa and its 
function was shown to be associated with an 
MD-2-related lipid-recognition (ML) domain 
[12]. After removal of signal peptide sequence, 
the group 3 allergen of Dermatophagoides fari-
nae encode a mature hydrophobic protein with 
molecular weight of 26033.2 kDa and three 
chymotrypsin active sites [13]. In the present 
study, we cloned, sequenced, and character-
ized the group 9 allergen from Dermatopha- 
goides farinae (Der f 9) from China. 

Materials and methods

Preparation of Der f 9 cDNA and polymerase 
chain reaction (PCR)

According to our previous reports, house dust 
mites were cultured and isolated [11-13]. Total 

RNA was obtained using RNA isolator (Code No. 
D312, TaKaRa Biotechnology Limited Company, 
Dalian, China). Based on the published sequ- 
ence of Der f 9 (Gen Bank Accession No. AY 
283282), the oligonucleotide primers F1 (5’- 
ATCTGG GTACCGACGACGACGACAAGGCCATG 
GCTGATAT-3’), F (5’-GAGCTC ATG GACAGCCC- 
AGATCTGGGTACCGACG-3’) and R (5’-CTCGAG- 
TTAAACTGTA TTCGAAATGATCC-3’) were desi- 
gned and synthesized. To facilitate cloning, the 
F and R primers contained a Sac I site at the  
5’ end of the coding sequence (underlined) of F 
and an Xho I site at the 5’ end of R (underlined), 
respectively. RT was performed using the total 
RNA isolated from mites with High Fidelity 
PrimeScriptTM RT-PCR Kit (Code No. DR027A, 
TaKaRa) on a PCR Thermal Cycler Dice (Code 
TP600, TaKaRa). The reaction mixture for RT 
contained total RNA (1 µl), 10 mmol/L of dNTP 
mixture (0.5 µl), 20 µmol/L of random primer 6 
mers (0.5 µl), and RNase free H2O (3 µl). The 
mixture was incubated at 65°C for 5 minutes, 
followed by an ice-bath for two minutes. Then, 
5×PrimeScript RT buffer (2 µl), 40 U/µl of RNase 
inhibitor (0.25 µl), PrimeScript RTase (0.5 µl), 
and RNase free dH2O (2.25 µl) were added. The 
final reaction mixture (10 uL) was set at 30°C 
water-bath for 10 minutes, 42°C for 30 min-
utes and 70°C for 15 minutes. The RT product 
was used as a template for PCR on the same 
thermal cycler (Dice) with PrimeSTAR® HS DNA 
polymerase (Code No. DR010A, TaKaRa). The 
total reaction mixture (25 mL) contained RT 
products (2 µl), 5×PrimeSTAR PCR buffer (5 µl), 
2.5 mmol/L of dNTP mixture (2 µl), 10 µmol/L 
of the primer F1 (1 µl), 10 µmol/L of the primer 
R (1 µl), 2.5 U/µl of PrimeSTAR HS DNA poly-
merase (0.25 µl), and dH2O (13.75 µl). PCR con-
ditions used here included an initial incubation 
for 2 minutes at 94°C, and followed by 30 
cycles of 10 seconds at 98°C, 30 seconds at 
55°C and 40 seconds at 72°C. After a final 
incubation for 5 minutes at 72°C, 5 µl of the 
amplicons were analyzed by agarose gel elec-
trophoresis (1.0%) and visualized with Image- 
Master® VDS. To obtain the gene fragment 
encoding Der f 9, the above amplicon was treat-
ed as a template and the F and R primers were 
used in the second PCR with the PrimeSTARTM 
HS DNA polymerase kit (Code No. DR010A, 
TaKaRa). In this reaction, the final concentra-
tions of the components per reaction (50 µL 
final volume) were as follows: the above ampli-
cons (2 µL), 10 µmol each of the F and R prim-

Figure 1. Agarose gel electrophoresis of RT-PCR 
product of the group 9 of Dermatophagoides farinae. 
M, DL-2000 DNA Marker; 1, Der f 9 RT-PCR product.
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ers (1 µL each), 5×PrimerSTARTM buffer (10 
µL), 2.5 mmol of the dNTP Mixture (4 µL), and 
2.5 U/µL of the PrimeSTARTM HS DNA poly-
merase (0.25 µL), and dH2O (31.5 mL). PCR 
was performed in the same PCR Thermal Cycler 
Dice as described above with an initial incuba-
tion of 2 min at 94°C, followed by 30 cycles of 
10 sec at 98°C, 30 sec at 55°C, and 40 sec at 
72°C. After a final incubation for 5 minutes at 
72°C, The PCR product was then analyzed and 
visualized as described above. 

Der f 9 cDNA Cloning, subcloning and se-
quencing

The PCR-amplified DNA was recovered from the 
agarose gel with an Agarose Gel DNA Puri- 
fication Kit Ver.2.0 (TaKaRa Biotech, No. DV- 
805). A poly “A” tail was added with a DNA 
A-Tailing Kit (TaKaRa Biotech, No. D404), and 
the final product was ligated into a plasmid vec-
tor pMD19-T using DNA Ligation Kit (TaKaRa 
Biotech, No. D6023). The recombinant plasmid 
was then named pMD19-T-Der f 9. Competent 
E. coli JM109 (TaKaRa Biotech, No. D9052) 
were then transformed with pMD19-T-Der f 9. 
Positive clones were selected by blue/white 
screening on Luria-Bertani (LB) plates contain-
ing 100 µg/mL ampicillin, and confirmed by 
restriction enzyme digestion with Sac I and Xho 
I to release the Der f 9 fragment. Then, the 
clones with correct insert were sequenced 
using BcaBESTTM Sequencing Primer pMD18F 
and pMD18R in an ABI PRISMTM 377XL DNA 
Sequencer (TaKaRa Biotech). 

Characterization of the cloned Der f 9

The open reading frame (ORF) was determined 
using the ORF finder on the NCBI (National 

domain was determined using TMpred on the 
ISREC Server. Protein subcellular localization 
was determined using CELLO v.2.5, secondary 
structure was determined using GOR4.0, and 
functional sites were determined using PRO- 
SCAN. To determine sequence homology, the 
sequences of other mite allergens were chosen 
by Blastp in NCBI, alignment with ESPript soft-
ware and computed for similarity using VECTOR 
NTI 9.0 software (IBI, New Haven, CT, USA). The 
polygenetic tree was constructed with maxi-
mum parsimony methods in Molecular Evolu- 
tionary Genetics Analysis (MEGA) software ver-
sion 4.0 software.

Results 

Construction of the recombinant plasmid pMD 
19-T-Der f 9

Agarose gel electrophoresis following RT-PCR 
of the Der f 9 gene revealed a band of 753 bp 
(Figure 1). The PCR product was recovered and 
cloned into pMD19-T plasmid to obtain the 
recombinant plasmid pMD19-T-Der f 9. After 
transforming into E. coli JM109, eight positive 
clones were amplified and extracted. Presence 
of the insert was determined by enzyme diges-
tion analysis with Sac I and Xho I, after electro-
phoresis in a 1.0% agarose gel, the expected 
size product was observed (Figure 2). 

Der f 9 nucleic and amino acid sequence and 
analysis 

From these eight clones, five were chosen for 
sequencing by automatic DNA sequencing 
using BcaBESTTM Sequencing Primer pMD18F 
and pMD18R. One ORF of 399 bp was identi-
fied in all five Der f 9 clones. Figure 3 shows the 

Figure 2. Restriction enzyme analysis of the recombinant plasmid pMD 19-T-
Der f 9 by Sac I plus Xho I: Lanes M, DL-2000 DNA Marker; Lanes 1, 2, 3, 4, 
5, 6, 7 and 8, products of recombinant plasmid pMD 19-T-Der f 9 digested 
with Sac I plus Xho I.

Center for Biotechnology In- 
formation) website. The amino 
acid sequence of Der f 9 was 
determined using Translate 
Tools in the ExPaSy web ser- 
ver (http://www.expasy.org). 
The physical and chemical 
properties of Der f 9 were 
determined using ProtParam. 
After removal of Der f 9 signal 
peptide sequence as predict-
ed using SignalP 3.0 software, 
protein hydrophilicity was de- 
termined using ProtScale to- 
ols. Der f 9 transmembrane 
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alignment results between the Der f 9 re- 
ference sequence (GenBank Accession No. 
AY283282) and for the five cDNA clones. Some 
mutations were observed including of 73 bp 
(C→T), 77 bp (T→A), 78 bp (T→G), 79 bp (C→A) 

and 616 bp (G→C). The five clones have the 
same nucleic sequence, which was 99.8% 
homology with the GenBank reference. When 
these nucleotide sequences were translated 
into amino acid sequences, there were some 

Figure 3. Nucleotide sequences alignment results among different plasmids se-
quenced in this paper and the reference by ESPript software. The sequence iden-
tities and the conservative substitutions were boxed and shaded in red and white, 
respectively.
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incompatible amino acids (AA) including of resi-
due 26 (F→R) and 205 (C→S) (Figure 4). 

Bioinformatics for amino acid composition, 
physiochemical properties, secondary struc-
ture, subcellular localization, and functional 
site of the recombinant protein rDer f 9

To identify the physiochemical properties of  
the recombinant protein, the sequenced result 

was translated into an amino acids sequence, 
which should encode a protein comprising 250 
amino acids with a 24 amino acid signal pep-
tide analyzed by SignalP 3.0 software. After  
the removal of the signal peptide sequence, the 
mature allergen comprised 226 amino acids 
residues with a relative molecular weight of 
24216.3 Da, an isoelectric point of 8.75, an 
instability index of 33.34. and a Grand average 
of hydropathicity (GRAVY) of -0.066 by Prot- 

Figure 4. Alignment results among amino acid sequences deduced from sequencing results in this paper and the 
reference sequence by ESPript software. The sequence identities and the conservative substitutions were boxed 
and shaded in red and white.

Figure 5. The average flexibility indexes for the mature Der f 9 allergen computed by ProtScale tool.



Molecular characterization of Der f 9

17180 Int J Clin Exp Med 2016;9(9):17175-17186

Param Tools, which indicated that it should  
be hydrophobic, confirmed by ProtScale soft-
ware (Figure 5). Figure 7 shows the average 
flexibility index for each amino acid residue, the 
lowest index was 0.366 at residue 9, and the 
highest index was 0.497 at residues 42. Two 
transmembrane domains were identified from 
residue 185 to 206 and from 189 to 217 using 
the TMpred program (ISREC Server) (Figure 6). 
With regard to Der f 9 secondary structure, 
GOR4 predicted that 12.39% (28 aa) of the  
protein were in alpha helices, 33.19% (75 aa)  
in extended strands, and 54.42% (123 aa) in 
random coils (Figure 3). Using CELLO v.2.5, the 
subcellular localization of Der f 9 from China 
was concluded to be PlasmaMembrane or 
Extracellular (Table 1). PROSCAN sequence 
analysis revealed that this protein contains two 
cAMP- and cGMP-dependent protein kinase 
phosphorylation sites, four protein kinase C 
phosphorylation sites, three casein kinase II 
phosphorylation sites, four N-myristoylation 

sites, one histidine active site and one serine 
active site, which were listed in Table 2. 

Interspecies amino acid sequence homology 
analysis, alignment and molecular evolution 
analysis 

The homology between the deduced amino 
acid sequence of Der f 9 allergen and other pro-
teins from mites was determined by comparing 
their non-redundant sequences in GenBank 
CDS, translations+PDB+, SwissProt+ and PIR+ 
PRF, excluding environmental samples, using 
BLASTp at the NCBI website. Based on BLASTp 
search results, similar amino sequences of 
mites were chosen for alignment analysis: the 
trypsin-like serine protease (GenBank Acce- 
ssion No. AAP57077) and serine protease  
LM-1 (GenBank Accession No. AAN02511) of 
Dermatophagoides pteronyssinus; the group 3 
allergen Sui m 3 (GenBank Accession No. 
AAX34049), the group 6 allergen Sui m 6 

Figure 6. Prediction of Transmembrane domain of Der f 9 allergen (TMpred). Der f 9 allergen probably have two 
transmembranes, one from position 185 (inside) to 206 (outside) with score of 954, and the other from 189 (out-
side) to 217 (inside) with score of 536 was predicted by the TMpred in ISREC Server.
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(GenBank Accession No. AAX34053) and the 
group 9 allergen Sui m 9 (GenBank Accession 
No. AAX34056) of Suidasia medanensis; the 
group 3 allergen Bol t 3 (GenBank Accession 
No. AAQ24542), the group 6 allergen Blo t 6 
(GenBank Accession No. AAQ24544) and the 
group 9 allergen Blo t 9 (GenBank Accession 
No. AAQ24546) of Blomia tropicalis; the group 
3 allergen Ale o 3 (GenBank Accession No. 
ABU50818) and the group 9 allergen Ale o 9 
(GenBank Accession No. ABU50819) of Aleu- 
roglyphus ovatus; the group 6 allergen Der f 6 
(GenBank ABG23667) of Dermatophagoides 
farinae; the group 3 allergen Aca s 3 (GenBank 
ABL09311) of Acarus siro; the group 3 allergen 
Gly d 3 (GenBank AAQ54604) of Glycyphagus 
domesticus; the group 3 allergen Lep d 3 

In this study, a complete CDS coding for Der f 9 
was selected as the reference sequence in the 
design of primers to amply the house dust mite 
allergen from adult D. farinae, and we obtained 
Der f 9 cDNA fragments with 99.8% identity 
with the reference sequence, by conventional 
RT-PCR. After cDNA sequence was translated 
into an amino acid sequence, the signal pep-
tide sequence at position 1 to 24 residue was 
deduced. After removal of the signal peptide, 
the primary nucleic sequence has five muta-
tions comparing to the reference, i.e., 73 bp 
(C→T), 77 bp (T→A), 78 bp (T→G), 79 bp (C→A) 
and 616 bp (G→C), among which 77 bp (T→A) 
and 78 bp (T→G) result in one incompatible 
amino acids 26 (F→R), and the mutation 616 
bp (G→C) result in another incompatible amino 

Figure 7. The secondary structure analysis of the mature Der f 9 allergen. Based on the deduced amino acid 
sequence of the mature Der f 9 allergen. The secondary structure was predicted as described in “Materials and 
Methods”: Alpha helix (Hh): 28 aa is 12.39%; extended strand (Ee): 75 aa is 33.19%; and random coil (Cc): 123 aa 
is 54.42%.

Table 1. Protein subcellular localization prediction for the 
mature Der f 9 allergen by CELLO v.2.5
Support Vector Machine Localization Reliability
Amino Acid Comp. PlasmaMembrane 0.627
N-peptide Comp. Extracellular 0.797
Partitioned seq. Comp. PlasmaMembrane 0.842
Physico-chemical Comp. Extracellular 0.600
Neighboring seq. Comp. PlasmaMembrane 0.623
CELLO Prediction

PlasmaMembrane 2.235 
Extracellular 2.069 

Nuclear 0.341
Mitochondrial 0.166
Cytoplasmic 0.052
Chloroplast 0.037
Lysosomal 0.034

Vacuole 0.030
Golgi 0.013

Peroxisomal 0.010
Endoplasmic reticulum 0.007

Cytoskeletal 0.006

(GenBank AAQ55487) of Lepidogly- 
phus destructor. After sequences 
coding for signal peptides were 
deleted, sequences were aligned 
using ESPript software (Figure 8). 
The similarity between Der f 9 and 
Ale o 9, Blo t 9, sui m 9 were 57%, 
61%, 62%, but the similarity between 
Der f 9 and trypsin-like serine prote-
ase of D. pteronyssinus, serine pro-
tease LM-1 of D. pteronyssinus were 
70%, 87%, the similarity between 
Der f 9 and Der f 6 was 40%, As 
showed in Table 3 by VECTOR NTI 
9.0 software (Figure 9), which A phy-
logenetic tree was then constructed 
using Mega 4.0 software, in which 
Der f 9 and Ale o 9, Blo t 9, sui m 9, 
trypsin-like serine protease of D. 
pteronyssinus, serine protease LM-1 
of D. pteronyssinus were clustered 
together with 95% bootstrap sup-
port (Figure 9). 

Discussion 
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acid 205 (C→S). Both residues were located at 
the active parts of the protein. Importantly, the 
latter was postulated at serine proteases, tryp-
sin family, serine active site. Although further 
study is required to determine which variant 
sites are PCR artifacts and which are natural 
dust mite variants, the results of this work pro-
vide evidence that Der f 9 allergen might have 
sequence polymorphism for the first time that 
might influence immunogenity of Der f 9, which 
should be very important for the development 
of new strategies in diagnostics and immuno-
therapy of mite-allergic patients [14].

When the complete sequence of Der f 9 cDNA 
was analyzed, one ORF with the full length of 
399 bp was identified, which was reckoned to 
encode a protein with 250 amino acid residues. 
Further analysis showed there was a signal 
peptides sequence from 1 to 24 amino acid 
residues, after removal of this sequence, the 
active part of Der f 9 should consist of 226 
amino acid residues with a calculated molecu-
lar weight of 24216.3 Da and theoretical pI of 
8.75, which was similar to the result by electro-
spray mass spectroscopy, although isolation of 
Der p 9 from extracts of Dermatophagoides 
pteronyssinus prepared from spent growth 
medium devoid of mite found two protein bands 
with apparent molecular weight of 28,000 and 
30,000 as judged by SDS-PAGE [9]. 

The structural flexibility is important for protein 
molecules activity, and flexible regions are 

related to catalytic sites, binding sites, antigen-
ic regions, sites susceptible for proteolytic 
cleavage, allosteric hinge sites, and etc [15]. In 
the present study, the average flexibility index 
of Der f 9 allergen was determined using 
ProtScale tools, and the result showed that the 
lowest index was 0.366 at residue 9, and the 
highest index was 0.497 at residues 42, both 
residues were alanine, located in N-myristo- 
ylation site and Serine proteases active site, 
respectively. However, further secondary struc-
tural analysis showed that ninth residue was 
positioned in random coil and the 42th was 
positioned in extended strand. As we know, the 
most common secondary structures are alpha 
helices and extended beta sheets whereas the 
random coil is not a true specific shape but a 
statistical distribution of shapes for all the 
chains, where the monomer subunits are ori-
ented randomly while still being bonded to 
adjacent units. In biochemistry and structural 
biology, secondary structure is the general 
three-dimensional form of local segments of 
proteins, which is defined by patterns of hydro-
gen bonds between backbone amide and car-
boxyl groups. By GOR4 software, the secondary 
structure of Der f 9 was consisted with alpha 
helices (12.39%), extended strands (33.19%), 
and random coils (54.42%). 

By PROSCAN software, Der f 9 allergen con-
tains two cAMP- and cGMP-dependent protein 
kinase phosphorylation sites, four protein 
kinase C phosphorylation sites, three Casein 

Table 2. Function site analysis of Der f 9 by PROSCAN software
Function site AA position AA sequences
cAMP- and cGMP-dependent protein kinase phosphorylation site 22-25 RKDS

172-175 KKQS
Protein kinase C phosphorylation site 34-36 SSR

163-165 TNR
171-173 SKK
216-218 TLR

Casein kinase II phosphorylation site 10-13 SPGD
84-87 TTID

111-114 TTAE
N-myristoylation site 5-10 GGENAS

30-35 GSLISS
133-138 GTIPTL
157-162 GSVNAI

Serine proteases, trypsin family, histidine active site 39-44 LTAAHC
Serine proteases, trypsin family, serine active site 175-186 SACNGDSGGPLV
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kinase II phosphorylation sites, four N-myris- 
toylation sites, one histidine active site and one 
serine active site. According to this prediction, 
Der f 9 should be a serine protease, which was 
identical with Der p 9 allergen in nature. Protein 
phosphorylation in particular plays a significant 
role in a wide range of cellular processes, and 
its prominent role in biochemistry is the subject 
of a very large body of research. The informa-
tion of phosphorylation sites described here 
may provide insights into the function of this 
protein sequence. 

Allergenic mite referred to as “dust mite” and 
“storage mite”. Dust mites were listed in family 
Pyroglyphidae, especially D. pteronyssinus, D. 
farinae, and Euroglyphus maynei, other mites 
related to storage mites due to its consumption 
of stored food [16]. The author put the deduced 
amino acid sequence of Der f 9 into NCBI to find 
similar sequences of other mites, and obtained 
some sequences from D. pteronyssinus, D. fari-
nae, Suidasia medanensis, Blomia tropicalis, 
Aleuroglyphus ovatus, Acarus siro, Glycyphagus 
domesticus, Lepidoglyphus destructor, and the 

Figure 8. Alignment between Der f 9 and its homologous amino acid sequence of other mite-species by ESPript.
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Table 3. Similarity analyses between Der f 9 and its homologous amino acid sequence of other mite-species by VCETOR NTI 9.0 software 
Similarity

Aca s 3 Ale o 3 Ale o 9 Blo t 3 Blo t 6 Blo t 9 Der f 6 Der f 9 Der p LM-1 Der p trypsin Gly d 3 Lep d 3 Sui m 3 Sui m 6 Sui m 9
Divergence Aca s 3 61 37 63 34 37 34 42 36 40 56 56 56 37 37

Ale o 3 13 41 65 34 42 36 48 39 44 61 60 58 37 41
Ale o 9 14 12 43 40 73 41 57 52 58 41 41 43 45 72
Blo t 3 14 10 12 37 40 37 43 37 42 56 56 57 39 42
Blo t 6 15 15 13 15 41 64 40 34 38 34 34 34 72 40
Blo t 9 13 11 10 13 13 40 61 56 62 39 39 40 44 65
Der f 6 16 13 13 16 13 16 40 36 39 35 35 34 65 39
Der f 9 13 13 13 13 13 10 14 70 80 40 39 40 45 62

Der p LM-1 13 9 14 13 14 10 14 6 87 36 36 37 39 56
Der p trypsin 14 11 16 15 17 13 16 6 0 41 41 42 43 64

Gly d 3 14 11 14 12 16 13 13 14 12 14 99 66 37 40
Lep d 3 15 11 14 13 16 13 14 14 12 14 0 66 37 39
Sui m 3 14 10 13 11 15 14 15 16 13 15 10 10 37 41
Sui m 6 17 16 16 16 11 15 15 17 18 19 15 15 13 42
Sui m 9 13 13 15 13 14 14 15 10 13 15 13 13 15 15
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last six mite species belonging to storage mites. 
The similarity between Der f 9 and trypsin-like 
serine protease of D. pteronyssinus, serine pro-
tease LM-1 of D. pteronyssinus were 70%, 87%, 
and they were clustered together with 95% 
bootstrap support, which support the function 
site analysis results that Der f 9 is a serine 
protease. 

In brief, we cloned and sequenced the group 9 
allergen of Dermatophagoides farinae isolated 
for southeast China. We found for the first time 
that the primary nucleic sequence have five 
mutations with the reference sequence result-
ing in two incompatible residues related to 
sequence polymorphism. Analysis the translat-
ed amino acid sequence showed that the aller-
gen might have serine proteases active site, 
and several phosphorylation sites. These are 
fundamental to our understanding of the contri-
bution of Der f 9 allergen to the pathogenesis of 
mite allergic diseases as well as to the develop-
ment of standardized diagnostic tests and new 
therapies.
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