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Bioinformatic Studies on the Group 2
Allergens of Dermatophagoides farinae

from China

Yubao Cui'?, Jianglong Peng’, Peng Zhou?, Ming Peng’ and Shiyun Qian’

SUMMARY The present study aimed to characterize the group 2 allergens of the house dust mite Dermato-

phagoides farinae (Der f 2) from Hainan Island, a tropical region in Southeastern China.

We cloned and se-

quenced cDNA coding for Der f 2 and found an additional region of 87 base pairs (bp) (from +77 to +163 bp) in our
strain that was absent in the reference sequence (GenBank AB195580) used for primer design. However, the
BLAST analysis identified the same sequence in strains reported from Reinbek, Germany, and Guangzhou, China.
A phylogenetic tree was constructed using the Der f 2 nucleotide sequences from different regions or countries and
showed that the Hainan sequence clustered with the strains from Reinbek and Guangzhou. Analysis of the trans-
lated amino acid sequence suggests that the encoded peptide is hydrophobic and extracellular with a cleavage site
between the 17th and 18th amino acid residues and contains a strong trans-membrane helix from the 6th amino
acid to the 24th amino acid, indicating a MD-2-related lipid recognition domain in this protein. Furthermore, the
secondary structure of the pro-protein consists of 16.57% alpha helix, 32.57% extended strand and 50.86% ran-
dom coil. In brief, we obtained a gene coding for Der f 2 and predicted the molecular characteristics of this protein
using bioinformatics tools. Our analysis identified that this gene showed several significant differences to those re-

ported previously.

House dust mites are among the most com-
mon sources of indoor allergens worldwide. They
have been found to produce over 30 types of aller-
gens associated with asthma, atopic dermatitis, rhini-
tis and other allergic diseases. Specific immunother-
apy with mite extracts has been considered by some
to be the only effective approach to provide long-
lasting relief of allergic symptoms to house dust
mites. Unfortunately, these extracts contain non-
allergenic proteins and lack effective concentration
of important allergens, both of which may be associ-
ated with clinical side effects of mite extracts.' In
contrast, recombinant allergens and their mixtures
have shown to be effective and will likely be impor-
tant for immunotherapy for dust mite-specific IgE-

mediated hypersensitivity.”

Of the allergens produced by house dust
mites, i.e. groups 1 and 2, were considered to be re-
sponsible for the high levels of IgE and Th2 cyto-
kines in 80% of the allergic patients.’ However, there
is increasing evidence showing that both groups of
allergens were highly polymorphic.*” Therefore, it is
very important to understand the molecular, physical
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and chemical properties of the diverse forms of the
allergens before they can be effectively used in clini-
cal diagnosis and immunotherapy. To characterize
house dust mites’ allergens from Hainan Island, a
tropical region in Southeastern China, we cloned and
sequenced the cDNA coding for Der f 2 in the house
dust mite Dermatophagoides farinae. Surprisingly,
the sequenced results showed an insertion of 87 bp
that was not present in the reference sequence (Gen-
Bank AB195580). Here, we report our experimental
results and the bioinformatics analysis of this se-
quence.

MATERIALS AND METHODS
D. farinae culture and isolation of adult mites

To isolate house dust mites, we first obtained
house dust from the floors of rice and flour shops in
Haikou City, Hainan Island and isolated house dust
mites under the stereomicroscope. All of the mites
potentially belonging to D. farinae were put into a
culture chamber. After about two months, the whole
culture in the chamber was taken to select for D.
farinae by stereomicroscope. Subsequently, mites
presumptively identified as D. farinae were purified
by cultivating them in small culture chambers. Two
months later, representative mites were taken from
the chambers and the species were identified. When
the mites found to be D. farinae, all of the mites in
the chamber were treated to be D. farinae. These
mites were then raised at a relative humidity of 75%
and temperature of 25°C on a large scale. A culture
medium comprising of yeast, wheat flour and rice
was used for the large-scale cultivation. Following
our previous protocols, the adults were isolated as
follows.® The whole culture was taken and placed on
glass plates, and after thirty minutes, the culture me-
dium was removed manually. The adult mites, larval
mites and some aliquots of the culture medium were
collected in small ceramic cups using a small writing
brush for the mite isolation. Under a lamp, the adults
moved rapidly to the basal part of the ceramic cup
and away from the larvae. The adults were removed
with a writing brush under a microscope, and about
600 mites were collected the for total RNA isolation.

Total RNA isolation

Total RNA of the mites was isolated using an
RNA isolator (TaKaRa Biotech Co. Led, Code

No.D312) according to the manufacturer’s instruc-
tions. Briefly, about 600 alive adult mites were rap-
idly frozen with liquid nitrogen and 1 ml of RNA
isolator (RNAiso) was added. The mites in RNAiso
were homogenized using a PowerGen 125 Tissue
Homogenizer (Fisher Scientific) starting at 1,800 x g
and gradually going up to approximately 7,200 x g
for 30-60 seconds at room temperature. After ho-
mogenization, all contents in the tissue homogenizer
were removed to an Eppendorf tube and 0.2 ml chlo-
roform was added. After precipitation and air-drying,
the RNA pellet was dissolved in RNase-free water
and stored at - 80°C.

Preparation of cDNA and polymerase chain reac-
tion (PCR)

For PCR amplification of the cDNA coding
for Der f 2, two primers were designed and synthe-
sized based on the GenBank sequence AB195580.
The forward primer sequence was (5’GGATCCAT-
GATTTCCAAAATCTTGTGCCTTT-C3’) and the
reverse was (5’CTCGAGTTAATCACGGATTTTA-
CCATGGG3’). These two primers contained a
BamHI site and an Xhol site at their 5° end (under-
lined), respectively. Firstly, reverse transcription (RT)
was performed using the total RNA isolated from the
mites with a 3’-Full RACE Core Set Ver.2.0 (Ta-
KaRa Biotech Co. Led, Code No.D314) in the PCR
Thermal Cycler Dice (TaKaRa Biotech Co. Ltd.,
Code TP600) for 30 minutes. Each 10 ul of reaction
mixture for RT contained 3 pl of total RNA, 1x RNA
PCR Buffer, 1 mM of dNTP mixture, 5 mM of
MgCl,, 1.25 U of M-MLV Reverse Transcriptase XL,
10 U of RNase inhibitor, 10 pmol each of the for-
ward and reverse primers. Secondly, the RT product
was used as template for PCR in the same Thermal
Cycler Dice with an initial incubation at 94°C for 3
minutes, followed by 30 cycles at 94°C for 30 sec-
onds, at 55°C for 30 seconds and 72°C for 1 minute.
The reaction mixture contained RT products (2 pl),
2x GC Buffer (5 mM Mg Plus, 25 ul), 5 U/ul of
LA Tag (0.5 pl), 1x cDNA dilution buffer (8 pl), 20
pmol of the primers F and R (1 pul each), and 12.5 pl
of dH,O. The PCR amplification products were
ligated with the plasmid pMD19-T (TaKaRa Biotech
Co. Led, Code No. D104) and then transformed into
E. coli competent cells JM109 (TaKaRa Biotech Co.
Ltd., Code N0.D9052). Positive clones were selected
by the blue/white coloration on Luria-Bertani (LB)
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plates containing 100 pg/ml ampicillin. The pres-
ence of the inserted DNA was verified by restriction
analysis and DNA sequencing with the BcaBEST
M13-47 and BcaBEST RV-M primers on a
MegaBACE 1000 DNA sequencer. Digested by
BamH 1 and Xho 1, the cloned DNA fragments were
electrophoretically analyzed on an agarose gel.

Nucleotide sequence analysis, alignment and phy-
logeny

The obtained sequence was edited to remove
vector and restriction sites, and a complete open
reading frame (ORF) was obtained using the ORF
finder in the NCBI (National Center for Biotechnol-
ogy Information) Website. By BLASTn searches on
NCBI, sequences coding for Der f 2 deposited from
other geographic regions were aligned using the
VECTOR NTI 9.0 software (IBI, New Haven, CT,
USA), and a phylogenetic tree was constructed using
MEGA3.0 software. The Der f 2 ¢cDNA sequence
and the reference sequence (GenBank AB195580)
were aligned by ClustalW 1.83 (http://www.ebi.ac.
uk/clustalw/index.html).

Deduced amino acid sequence and the bioinfor-
matics analysis of the pro-protein

The amino acid sequence of Der f 2 was
deduced by Translate Tools (http://www.expasy.org).
Its potential subcellular localization and hydropho-
bicity were analyzed using the TopPred tools. The

SignalP-NN was predicted with the EUK networks
method by the SignalP 3.0 software in the SMART
Server (http://www.cbs.dtu.dk/services/SignalP/).

The transmembrane region was predicted
by the TMpred in ISREC Server (http://npsa-
pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.
html). Its function was predicted using the Super-
family 1.69 software in the HMM library, and its
secondary structure was generated by GOR4.

RESULTS

Cloning and sequence of Der f 2 ¢cDNA from
Hainan, China

Based on the nucleotide sequence of Der f 2
in the GenBank (AB195580), primers were designed
to amplify the cDNA fragments by PCR using total
RNA isolated from adult mites. By agarose electro-
phoresis, a DNA band was observed. The recovered
PCR products were linked to the plasmid pMD19-T
and transformed into the JM109 E. coli competent
cells. Positive colonies were identified by the
blue/white screening and the recombinant plasmids
were extracted and analyzed by restriction enzyme
digests using BamHI and Xhol. Two plasmids con-
taining the targeted cDNA fragment were identified
and confirmed by DNA sequencing with the primers
of BcaBEST Primer M13-47 and BcaBEST Primer
RV-M. According to the ORF Finder in the NCBI
Web server, an ORF was found from the start codon

AB195580
Hainan

AB195580 GATGTTARAGATTGT(

ATGATTTCCARAATCTTGTGCCTTTCATTGTTGGTAGCAGCCGTTGTTGCCGATCAAGTC 60
ATGATTTCCALAATCTTGTGCCTTTCATTGTTGGTAGC AGCCGTTGTTGCCGATCAAGTC 60

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

76

Hainan
xxxxxxxxxxxxxxxx

AB195580

GATGTTAAAGATTGTGGTAAGTTTGTTTGTGTGATACATTTTTTTTCTTTTCATTTATTC 120

CRACAATGAAATCAAL 93

Hainan

AB195580
Hainan

AB195580
Hainan

AB195580
Hainan

AB195580
Hainan

AB195580
Hainan

AB195580
Hainan

ARCACTAAACACAATTTTCTTTTTCTTGTTTATATTCATATAGCCAACAATGRAATCARL 180

ARAGTAATGGTCGATGGTTGCCATGGTTCTGATCCATGCATCATCCATCGTGGTARACCA 153
ARAGTAATGGTCGATGGTTGCCATGGTTCTGATCCATGCATCATCCATCGTGGTARACCA 240
TTCACTTTGGAAGCCTTATTCGATGCCAACCAARACACTAAAACCGCTARRATTGARATC 213
TTCACTTTGGARGCCTTATTCGATGCCAACCARRACACTAAARCCGCTARRATTGARATC 300
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
ARAGCCAGCCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCAT 273
ARAGECAGCCTCGATGGTCTTGAMATTGATGTTCCCGGTATCGATACCARTGCTTGCCAT 360
TTTATGARATGTCCATTGGTTALAGGTCARCAATATGATATCARATATACATGGGATGTG 333
TTTATGAAATGTCCATTGGTTARAGGTCAACAATATGATATCAAATATACATGGAATGTG 420
***********************************************************
CCGAARATTGCACCAAAATCTGARAACGTTGTCGTTACAGTCAAACTTGTTGGTGATAAT 393
CCGARAATTGCACCAAAATCTGAMAACGTTGTCGTTACAGTCARACTTATCGGTGATALT 480
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
GGTGTTTTGGCTTGCGCTATTGCTACCCATGGTAAAATCCGTGATTAL 441

GGTGTTTTGGCTTGCGCTATTGCTACCCATGGTARMATCCGTGATTAL 528

Fig. 1 Comparison of the Hainan Der f 2 cDNA sequence with the reference sequence (AB195580).
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ATG to the stop codon TGA with a length of 528 bp.
Unexpectedly, there was an additional 87 bp (posi-
tion 77-163) in our cloned fragment that were absent
in the reference sequence (AB195580) (Fig. 1).
These two sequences shared 83% nucleotide identity.

Nucleotide sequence alignment and phylogeny for
group 2 allergens reported from different regions
or countries

The sequencing results were queried by
BLAST in the NCBI web server and homologous se-

quences coding for the group 2 allergens from the
same species but reported from different geographic
regions were chosen and analyzed. Among the ana-
lyzed sequences, two GenBank accessions AF3469-
05 and Emb AJ862838 reported from China and
Germany, respectively, contained the same 87 base
pair insertion (Fig. 2). Tables 1 and 2 show the se-
quence similarity for Der f 2 sequences reported
from different regions. After alignment by VECTOR
NTI 9.0 software and manual adjusts, a phylogenetic
tree was constructed using the MEGA 3.0 software

(Fig. 3).

Guangzhou (1)

NakhonPathom (1)

CTTGTGCCTTTCATTGTTGGTAGCAGCCGTTGTTGCCGATCAAGTCGATGTTAAAGATTGTGGTAAGTTTGTTTGTG
Hainan (1) ————— ATGATTTCCAAAATCTTGTGCCTTTCATTGTTGGTAGCAGCCGTTGTTGCCGATCAAGTCGATGTTAAAGATTGTGGTAAGITTGTTTGTG
Reinbek (1) AAAAACAACATAACCGAAAATGATTTCCAAAATCTTGTGCCTTTCATTGTTGGTAGCAGCCGTTGTTGCCGATCAAGTCGATGTTAAAGATTGTGGTAAGETTGTTTGTG

110

Seoul (1)
Shengzhen (1) A
Tokyo (1) AAAAAAAAACAACATAACCGAAAA

Singapore (1)
111

Guangzhou  (78) IGATACATTTTTITICTTTTCATTTATTICAACACTAAACACAATTITCTTTTTCTTGTTTATATTICA-—TATAGCCAACAATGAAATCA.
Hainan  (92) TGATACATTTTTITICTIITCATTITATICAACACTAAACACAATTITCTTTTTCTTGTTTATATICA-——TATAGCCAACAATGAAATCAAAAAAGTAATGGTCGATGGT

221
(185) TGCCATGGTTCTGATCCATGCATCATCCATCGTGGT.

Guangzhou
Hainan
Reinbek
NakhonPathom — (61) CGCCATGGTT

Shengzhen
Tokyo

331
Guangzhou
Hainan
Reinbek
NakhonPathom
Seoul
Shengzhen
Tokyo
Singapore
441
(405) TGCCGAAAATTGCACCAMAATCTG:

ACGTTGTCGTTACAGTC!

Guangzhou
Hainan
Reinbek
NakhonPathom
Seoul
Shengzhen
Tokyo
Singapore
551

Guangzhou

Reinbek (111) TGATACATTTTTITICTITTCARTTATTCAACACTAAACACAATTIICTTTTTCTTGTTTATATICA———TATAGCCAACAATGAAATCAAAAAAGTAATGGTCGATGGT
NakhonPathom (1) GATCAAGTCGATGTCAAAGATTGTGCCAACAATGAAAT! AATGGTCGATGGT
Seoul (1) GATCAAGTCGATGTTAAAGATTGTGCCAACAATGAAATCAAAAAAGTAATGGTCGATGGT
Shengzhen (2) BGATTTCCAAAATCTTGIGCETRICATIGTTGGTAGCAGCEGTIGTIGCCGATCAAGTCGATGTTAAAGATTIGTGCCAACAATGAAATCAAAAAAGTAATGGTCGATGGT
Tokyo  (25) TGATTTCCAAAATCITGIGCETITCATIGTTGGTAGCAGCCGTIGTTGCCCATCAAGTCGATGTTAAAGATTGTGCCAACAATGAAATCAAAAA/ GTAATGGTCGATGGT
Singapore (1) ————— ATGGTETCATTGTTGGTAGCAGCCGTIGITGCCGATCAAGTCGATGTTAAAGATTGTGCCAACAATGAAATCAAAAAAGTAATGGTCGATGGT

CCATTCACTTTGGAAGCCTTATTCGATGCCAACCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCCAG
(199) TGCCATGGTTCTGATCCATGCATCATCCATCGTGGTAAACCATTCACTTTGGAAGCCTTATTCGATGCCAACCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCCAG
(218) TCCCATCCTTCTCATCFATCFATCATCCATCCTCCTAAACCATTFAFTTTCCAACCCTTATTCCATCCCAACCAAAACAFTAAAACCCCTAAAATTGAAATCAA%CCTAA
s CCATTCACTTTGGAAGCCTTATTCGATGCCAATCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCTAA
Seoul  (61) TGCCATGGTTCTGATCCATGCATCATCCATCGTGGTAAACCATTCACTTTGGAAGCCTTATTCGATGCCAACCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCCAG
(112) TGCCATGGTTCTGATCCATGCATCATCCATCGTGGTAAACCATTCACTTTGGAAGCCTTATTCGATGCCAACCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCCAG
(135) TGCCATGGTTCTGATCCATGCATCATCCATCGTGGTAAACCATTCACTTTGGAAGCCTTATTCGATGCCAACCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCCAG
Singapore  (94) TGCCATGGTTCTGATCCATGCATCATCCATCGTGGTAAACCATTCACTTTGGAAGCCTTATTCGATGCCAACCAAAACACTAAAACCGCTAAAATTGAAATCAAAGCCAG

(295) CCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTATGAAATGTCCATTGGTTAAAGGTCAACAATATG!

(309) CCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTATGAAATGTCCATTGGTTAAAGGTCAACAATATGATATCA
(328) CATCGATGGTCTTGAAGTTGATGTTCCCGGTATCGATACCAATGCTTGCCATTATATCAAATGTCCATTGGTTAAAGGTCAACAATATGATGCCAAATATACATGGAATG
(171) CATCAATGGTCTTGAAGTTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTGTCAAATGTCCATTGGTTAAAGGTC i
(171) CCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTATGAAATGTCCATTGGTTAAAGGTCAACAATATGATGCCAAATATACATGGAATG
(222) CCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTATGAAATGTCCATTGGTTAAAGGTCAACAATATGATATCAAATATACATGGAATG
(245) CCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTATGAAATGTCCATTGGTTAAAGGTCAACAAT AT/
(204) CCTCGATGGTCTTGAAATTGATGTTCCCGGTATCGATACCAATGCTTGCCATTTTATGAAATGTCCATTGGTTAAAGGTCAACAATATGATGCCAAATATACATGGAATG

ACTTATCGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCATGGT,

(419) TGCCGAAAATTGCACCAMAATCTGAAAACGTTGTCGTTACAGTCAAACTTATCGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCATGGTAAAATCCGTGATTAA
(438) TGCCGAAAATTGCACCAMAATCTGAAAACGTTGTCGTTACAGTCAAACTTGTTGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCACGCTAAAATCCGTGATTAA
(281) TGCCGAAAATTGCACCAAAATCTGAAAACGTTGTCGTTACAGTCAAACTTATCGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCATGCTAAAATCCGCGATTAA
(281) TGCCGAAAATTGCACCAGAATCTGAAAACGTTGTCGTTACAGTCAAACTTGTTGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCACGCTAAAATCCGTGATTAA
(332) TGCCGAAAATTGCACCAMAATCTGAAAACGTTGTCGTTACAGTCAAACTTATCGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCATGGTAAAATCCGTGATTAA
(355) TGCCGAAAATTGCACCAAAATCTGAAAACGTTGTCGTTACAGTCAAACTTATCGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCATGGT.
(314) TGCCGAAAATTGCACCAMAATCTGAAAACGTTGTCGTTACAGTCAAACTTGTTGGTGATAATGGTGTTTTGGCTTGCGCTATTGCTACCCATGGTAAAATCCGTGATTAA

(515) AAAAAAATAAATAAGAAAATTTTCACCAACATCGAACAAAATTC———————

220
AGTAATGGTCGATGGT

330

\T\C\TCGA\TG

AATATGATATCA

ATGATAT

550
ATCCGTGATTAA

AATCCGIGATTAA

614

Hainan
Reinbek
NakhonPathom

(529)

(391)

(548) AAAAA—-TAAATATGAAAATTTTCACCAACATCGAACAAAATTCAATAACC

(391)
(442)

Seoul

Shengzhen
Tokyo
(424)

(465) AAAAAAATAAATAAGAAAATTTTCACCAACATCGAACAAAATTCAATAACCAAAATTTGAATCC

Singapore

or countries.

Fig. 2 Homology and polymorphism of group 2 allergen cDNA sequences reported from different regions
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Table 1 Nucleotide sequence similarity among Der f 2 reported from different regions

District and countries Accession code Identity  E value (10,000) References

Guangzhou, China AF346905 100% 2.3e-206 Hao et al. (2003)°

Nakhon Pathom, Thailand DQ185511 96% 5e-180 Piboonpocanun et al. (2006)"
Reinbek, Germany AJ862838 97.7% 3.6e-203 Nandy et al. (2003)"

Seoul Korea AY066008 98.1% 1.4e-139 Jin et al. (2003)°

Singapore AY283288 98.9% 8.7e-142 Augus et al. (2003)"

Tokyo, Japan D10448 83.5% 4.2e-146 Yuuki et al. (1991)"
Shenzhen, China EF139432 83.5% 3.5e-146 Liu et al. (2006)"

(http://www.ch.embnet.org/software/LALIGN_form.html)

By BLASTn searches on NCBI, sequences coding for Der f 2 deposited from other geographic regions were chosen. The
identity and E value between our Der f 2 sequence and each of those sequences were computed by LALIGN.

Table 2 Similarity for Der f 2 reported from different districts or countries by the VECTOR NTI 9.0 software

Guangzhou Hainan Reinbek Nakhon Pathom Seoul Shengzhen Tokyo Singapore
Guangzhou 100 90 91 68 69 73 78 71
Hainan 100 87 73 74 78 68 76
Reinbek 100 62 62 65 71 64
Nakhon Pathom 100 97 90 76 92
Seoul 100 90 76 94
Shengzhen 100 86 96
Tokyo 100 82
Singapore 100
Deduced amino acid sequence and bioinformatics InterProscan results (http://www.ebi.ac.uk/Inter-

studies

Fig. 4 shows the deduced amino acid se-
quence of 175 residues. The protein encoded a hy-
drophobic and signature extracellular region with a
loop length of 127 residues and 15 Lys and Arg ac-
cording to the TopPred results (http://bioweb.pas-
teur.fr/seqanal/interfaces/toppred.html). The most
likely cleavage site of the pro-protein was between
positions 17 and 18 by the SignalP 3.0 software in
SMART Server (http://www.cbs.dtu.dk/services/
SignalP/). One strong transmembrane helix was
found from position 6 to position 24 with a total
score of 1300 as predicted by the TMpred in ISREC
Server, suggesting this protein probably anchors on a
cytoplasmic membrane and may function as an adap-
tor molecule that may play a role in cell signaling.

ProScan) revealed that there were two possible do-
mains in this protein: one homologous to the E1 pro-
tein, an epididymal secretory protein (from pos. 55 to
172) and the other homologous to the E set super-
family (from pos. 22 to 170). Both of these two do-
mains were indexed in the ML family (MD-2-related
lipid recognition domain). With regard to its secon-
dary structure, GOR4 predicted that 16.57% (29) of
the protein was in alpha helices, 32.57% (57) as ex-
tended strands, and 50.86% (89) as random coils (Fig.
5).

DISCUSSION
It has long been recognized that recombi-

nant allergens are essential for clinical diagnosis of
house dust allergies and hold a great potential for
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therapy against house dust mite allergy. Previous re-
ports were largely restricted to the screening of
cDNA libraries for a gene fragment coding for an ac-
tive protein. As a result, such obtained proteins
would not contain the pro-peptide sequence. Subse-
quent experiments showed that the purified allergens
expressed in E. coli had only 50% of the IgE-binding
activity of the natural molecule.”'® In contrast, Best
et al."' reported that recombinant forms of Der f 1
(rDer f 1) containing the pro-peptide sequence ex-
pressed in Pichia pastoris had a similar IgE binding
activity as native Der f | isolated directly from mites.
This result suggested that the pre-pro sequence was
essential for the secretion of the mature form of the
protein and both the alpha factor signal peptide and
the pro-enzyme region were efficiently processed
during secretion. Therefore, the production of re-
combinant allergens should include the pro-protein
sequence.

In this study, a complete CDS coding for

Fig. 3 A phylogenetic tree for group 2 house dust
mite allergens reported from different regions

or countries.

1 ATG ATT TCC AAA ATC TTG TGC CTT
1 Met Ile Ser Lys Ile Leu Cys Leu
46 GTT GCC GAT CAA GTC GAT GTT AAA
16 Val Ala Asp Gln Val Asp Val Lys
91 GTG ATA CAT TTT TTT TCT TTT CAT
31 Val Ile His Phe Phe Ser Phe His
136 TTT CTT TTT CTT GTT TAT ATT CAT
46 Phe Leu Phe Leu Val Tyr Ile His
181 AAA GTA ATG GTC GAT GGT TGC CAT
61 Lys Val Met Val Asp Gly Cys His
226 CAT CGT GGT AAA CCA TTC ACT TTG
76 His Arg Gly Lys Pro Phe Thr Leu
271 CAA AAC ACT AAA ACC GCT AAA ATT
91 Gln Asn Thr Lys Thr Ala Lys Ile
316 GGT CTT GAA ATT GAT GTT CCC GGT
106 Gly Leu Glu Ile Asp Val Pro Gly
361 TTT ATG AAA TGT CCA TTG GTT AAA
121 Phe Met Lys Cys Pro Leu Val Lys
406 TAT ACA TGG AAT GTG CCG AAA ATT
136 Tyr Thr Trp Asn Val Pro Lys Ile
451 GTC GTT ACA GTC AAA CTT ATC GGT
151 Val Val Thr Val Lys Leu Ile Gly
496 GCT ATT GCT ACC CAT GGT AAA ATC
166 Ala Ile Ala Thr His Gly Lys Ile

TCA
Ser

GAT
Asp

TTA
Leu

ATA
Ile

GGT
Gly

GAA
Glu

GAA
Glu

ATC
Ile

GGT
Gly

GCA
Ala

GAT
Asp

CGT
Arg

TTG
Leu

TTG
Leu

GTA
Val

TGT
Cys

GGT
Gly

AAG
Lys

TTC
Phe

AAC
Asn

ACT
Thr

GCC
Ala

AAC
Asn

AAT

Asn Glu

TCT
Ser

GAT
Asp

CCA
Pro

TGC

GCC
Ala

TTA
Leu

TTC
Phe

GAT
Asp

ATC
Ile

AAA
Lys

GCC
Ala

AGC
Ser

GAT
Asp

ACC
Thr

AAT
Asn

GCT
Ala

CAA
Gln

CAA
Gln

TAT
Tyr

GAT
Asp

CCA
Pro

AAA
Lys

TCT
Ser

GAA
Glu

AAT
Asn

GGT
Gly

GTT
vVal

TTG
Leu

GAT
Asp

TAA
End

528

GCC
Ala

GTT
vVal

CAC
His
ATC
Ile

ATC
Ile

GCC
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CTC
Leu

TGC
Cys
ATC
Ile

AAC
Asn

GCT
Ala

Fig. 4 The deduced amino acid sequence of the Hainan Der f 2 allergen.

GTT
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TGT
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120

405
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450
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Der f 2 was selected as the reference sequence for
the design of primers to amply house dust mite aller-
gen from adult D. farinae. Unexpectedly, an addi-
tional sequence was found in our results. After
BLAST analysis against the GenBank database in
the NCBI, only four sequences, i.e. GenBank acces-
sion numbers AJ862838, AJ862837, AJ862836 and
AF346905, contained the extra 87 base pairs, and the
other cDNA coding for Der f 2 did not contain this
extra region. Our analysis identified sequence poly-
morphisms among the group 2 allergens. The poly-
morphisms were found corresponding to nucleotide
positions 76, 88, 111 and 125 as reported by Yuuki et
al.”> When the cDNA sequences coding for Der f 2
from different geographic regions were analyzed, the
Hainan strain was clustered with two sequences, one
from Reinbek, Germany and the other from Guang-
zhou, China. Hainan Island is a tropical region in
Southeastern China. If not by airplanes, everyone
coming to Hainan Island from mainland China has to
go through Guangzhou province first. Therefore, the
close genetic relationship of D. farinae between
Hainan and Guangzhou may have originated from
the migrations brought about by hosts’ migration and
traveling. However, at present, the closeness of the
relationship between mites from Hainan and that
from Reinbek, Germany remains unknown. We sup-
pose that mites from Hainan, China and Reinbek,
Germany, belong to the same sub-species and the
mites from Nakhon Pathom, Seoul, Tokyo and Sin-
gapore probably belong to another sub-species. The
different sub-species of mites may travel from one
country to another with international trading,
consequently resulting in their particular geographic

distribution. Furthermore, a highly conserved region
was found between +240 and +555 bp among the
Der f 2 sequences from all the indicated regions or
countries via sequence comparison (Fig. 3), indicat-
ing that this region may be critical for their functions.
Moreover, the polymorphisms among Der f 2 cDNA
sequences, especially the deletion mutation from +77
to 163 bp, may reflect their functional difference in
cell biology.

So far, the biochemical function of the
group 2 allergens remains largely unknown and is
still debated. Some scholars insisted that the group 2
allergens could be the products of epididymal secre-
tions."* Other scholars showed that the tertiary struc-
ture of the group 2 allergens was similar to the third
and fourth domains of the transglutaminase coagula-
tion factor VIIL.'*"> However, our analysis suggested
that group 2 allergens might have a transmembrane
domain and a MD-2-related lipid recognition domain.

In summary, we cloned and sequenced the
group 2 allergen from Dermatophagoides farinae
isolated in Hainan, China. We found that this gene
contained an insertion of 87 base pairs not seen in
the reference sequence. Our analysis showed that the
strain from Hainan was more similar to those from
Reinbek, Germany and Guangzhou, China than to
strains from other parts of East Asia.
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extended strand (ee): 57 is 32.57%; and random coil (cc): 89 is 50.86%.

205



206

CUI, ETAL.

Africa and Dr. XU Jianping, Department of Biology,
McMaster University, Canada, for patiently modify-
ing our manuscript. This work was supported by the
National Sciences Foundation of China (Grant No.
30060166), the Natural Science Fund of Hainan
Province (Grant No. 2005-80556), and the Hainan
Provincial Health Department (Grant No. 2005-6).

REFERENCES

1. Fernandez-Caldas E, Iraola V, Boquete M, et al. Mite im-
munotherapy. Current Allergy and Asthma Reports. 2006; 6:
413-9.

2. Garcia-Robaina JC, Sanchez I, de la Torre F, et al. Success-
ful management of mite-allergic asthma with modified ex-
tracts of Dermatophagoides pteronyssinus and Dermato-
phagoides farinae in a double-blind, placebo-controlled
study. J Allergy Clin Immunol. 2006; 118: 1026-32.

3. Thomas WR, Smith WA, Hales BJ. The allergenic specifici-
ties of the house dust mite. Chang Gung Med J 2004; 27:
563-9.

4. Piboonpocanun S, Malainual N, Jirapongsananuruk O, et al.
Genetic polymorphisms of major house dust mite allergens.
Clin Exp Allergy 2006; 36: 510-6.

5. Jin HS, Yong TS, Park JW, et al. Immune reactivity of re-
combinant group 2 allergens of house dust mite, Dermato-
phagoides pteronyssinus, and Dermatophagoides farinae. J
Investig Allergol Clin Immunol 2003; 13: 36-42.

6. Smith AM, Benjamin DC, Derewenda U, et al. Sequence
polymorphisms and antibody binding to the group 2 dust
mite allergens. Int Arch Allergy Immunol 2001; 124: 61-3.

7. Chua KY, Huang CH, Shen HD, et al. Analysis of sequence
polymorphism of a major mite allergen, Der p 2. Clin Exp
Allergy 1996; 26: 829-37.

8. Cui YB, Ling YZ, Zhou Y, ef al. An effective indirect fluo-
rescent antibody test for diagnosis of intestinal acariasis.
Southeast Asian J Trop Med Public Health 2006; 37: 452-5.

9. Hao MQ, XU J, Zhong NS. cDNA cloning and sequence
analysis of major allergen of Dermatophagoides farinae
(Der f 2) in south China. Zhongguo Ji Sheng Chong Xue Yu

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ji Sheng Chong Bing Za Zhi 2003; 21: 160-3.

Nandy A, Graefe L, Buchhop S, ef al. Novel alleles of Der-
matophagoides farinae house dust mite allergen Der f 2.
Clinical Immuology and Allergy in Medicine. JGC Edition,
Naples 2003; pp. 735-40.

Augus AC, Ong ST, Chew FT. Sequence tag catalogs of dust
mite-expressed genomes: utility in allergen and acarologic
studies. Am J Pharmacogenomics 2004; 4: 357-69.

Yuuki T, Okumura Y, Ando T, et al. Cloning and expression
of cDNA coding for the major house dust mite allergen Der f
Il in Escherichia coli. Agri Biol Chem 1991; 55: 1233-8.

Liu Z, Bai Y, Ji K, et al. Detection of Dermatophagoides
farinae in the dust of air conditioning filters. Int Arch Al-
lergy Immunol 2006; 144: 85-90.

Greene WK, Cyster JG, Chua KY, O’Brien RM, Thomas WR.
IgE and IgG binding of peptides expressed from fragments
of cDNA coding the major house dust mite allergen Der p L.
J Immunol 1991; 147: 3768-73.

Greene WK, Thomas WR. IgE-binding structures of the ma-
jor house dust mite allergen Der p I. Mol Immunol 1992; 29:
257-62.

Best EA, Stedman KE, Bozic CM, Hunter SW, Vailes L,
Chapman MD, McCall CA, Mcdermott MJ. A recombinant
group 1 house dust mite allergen, rDer f 1, with biological
activities similar to those of the native allergen. Protein Exp
Purif 2000; 20: 462-71.

Yuuki T, Okumura Y, Okudairo H. Genomic organization
and polymorphism of the major house dust mite allergen Der
f2. Int Arch Allergy Immunol 1997; 112: 44-8.

Thomas WR, Chua KY. The major mite allergen Der p 2. A
secretion of the male mite reproductive tract. Clin Exp Al-
lergy 1995; 25: 667-9.

Mueller GA, Smith AM, Williams DC, et al. Expression and
secondary structure determination by NMR methods of the
major house dust mite allergen Der p 2. J Biol Chem 1997;
272:26893-8.

Ichikawa S, Hatanaka H, Yuuki T, ef al. Solution structure of
Der f 2, the major mite allergen for atopic diseases. J Biol
Chem 1998; 273: 356-60.

206


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Fernandez%2DCaldas+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Iraola+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Boquete+M%22%5BAuthor%5D


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


