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Abstract We report the cloning and molecular charac-

terization of a full-length cDNA encoding house dust mite

allergen, Der f 6 from D. farinae isolated in China. The full-

length Der f 6 cDNA was obtained with 840 nucleotides

long. Nucleotide sequencing analyses showed a total of 36

mutations in five Der f 6 cDNA clones, corresponding to 23

incompatible amino acid residues. Recombinant Der f 6

(rDer f 6) protein was successfully expressed in and purified

from E. coli BL21. Among 20 asthmatic patients, 45% was

positive to rDer f 6 by ELISA. Bioinformatics analyses

revealed that the mature Der f 6 was a hydrophobic and

extracellular protein with chymotrypsin-like serine protease

activity, its secondary structure was composed of alpha

helix (7.69%), extended strand (34.62%), random coils

(57.69%), and the similarity of Der f 6 to Blo t 6, Sui m 6,

Der f 3 and Der f 9 was 64, 65, 35, and 38%, respectively.
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Abbreviations

Der f 3, Der f 6 and Der f 9 Group 3, 6 and 9

allergens of

Dermatophagoides

farinae

Blo t 3, Blo t 6 and Blo t 9 Group 3, 6 and 9

allergens of Blomia

tropicalis

Sui m 3, Sui m 6 and Sui m 9 Group 3, 6 and 9

allergens of Suidasia

medanensis

Ale o 3 and Ale o 9 Group 3 and 9 allergens

of Aleuroglyphus ovatus

Introduction

House dust mites have been described as the most important

allergens associated with asthma, perennial rhinitis, atopic

dermatitis, eczema, and other allergic disorders [1, 2]. Of the

crude mite extract, there are more than 30 groups of compo-

nents demonstrated to be responsible for high levels of IgE in

mite-allergic individuals by immunological methods [3, 4].

Currently, immunotherapy utilizing crude mite extracts is

thought to be the only curative approach for treatment of the

mite allergic disease even though the exact mechanism is not

fully understood. Nevertheless, it has been demonstrated that

crude mite extracts are associated with significant side effects

in clinical use and recombinant allergens have been recog-

nized as an alternative source of allergens for use in clinical

immunotherapy with such advantages as more accurate

standardization and improved therapeutic efficacy and stan-

dardization over the crude extracts [5–7]. To date, few

recombinant allergens have been used outside of laboratories

specializing in molecular cloning.
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Currently, there are 23 groups of mite allergens listed in

the IUIS (International Union of Immunological Societies)

nomenclature database (http://www.allergen.org/). Among

these, the group 1 and 2 allergens are the major ones that

bind over 50% of the IgE antibody [3, 4]. However, about

20% sera from mite-allergic patients do not have IgE

antibody to the group 1 and 2 allergens. This percentage is

small, but it constitutes a large population. Therefore, the

features of other groups of house dust mite allergen should

be investigated.

Since polymorphism has been reported in several groups

of dust mite allergens [8, 9] and the IgE binding frequency

varies with the selected individuals [3, 4], the recombinant

allergens should be produced according to thorough study

on allergens in different regions. In the present study, we

attempted to clone, sequence, express and purify the group

6 allergen from Dermatophagoides farinae (Der f 6) as

well as to evaluate the allergenicity of rDer f 6 in mite

allergic patients in China.

Materials and methods

Patients’ sera

Human sera were collected from 20 mite-sensitive asth-

matic patients whose IgE antibody was positive with a

score of over three detected by AllergyScreen system

(MEDIWISS Analytic GmbH, German) at Department of

Laboratory, the first affiliated hospital of Shanghai Jiao

Tong University. At the same time, control non-allergic

sera were derived from dust mite skin prick test-negative

healthy volunteers (n = 5).

Preparation of Der f 6 cDNA and polymerase

chain reaction (PCR)

According to our previous reports [10, 11], D. farinae

collected from the floors of rice and flour shops in

Shanghai City, China were cultured and isolated, the total

RNA of D. farinae was extracted using RNA isolator

(TaKaRa Biotech Co. Ltd, China) and stored at -80�C.

Based on the published sequence of Der f 6 (GenBank

Accession No. AF 125187), the nucleic acid primers (for-

ward: 50-GGATCCATGATTAAAATTTTTCTGGT CAC-

30; reverse: 50-CTCGAGTCAAACAATGTTTTTAGTGA

TCC-30 with a BamHI and XhoI site at their 50 end as

underlined) were designed and synthesized. Firstly, reverse

transcription (RT) was performed with High Fidelity

PrimeScriptTM RT-PCR Kit (TaKaRa Biotech Co. Ltd) in

the PCR Thermal Cycler Dice (TaKaRa Biotech Co. Ltd.),

and the reaction mixture for RT contained total RNA

(1 ll), 20 lM of the reverse primer (0.5 ll), 10 mM dNTP

Mixture (0.5 ll), RNase-free H2O (3 ll), which was

incubated at 65�C for 5 min, followed by ice-bath for

2 min. Then 59 PrimeScript RT Buffer (2 ll), 40 U/ll of

RNase Inhibitor (0.25 ll), PrimeScript RTase (0.5 ll),

RNase-free dH2O (2.25 ll) was added in. The final reac-

tion mixture (10 ll) was incubated at 30�C water-bath for

10 min, 42�C for 30 min and 70�C for 15 min. Secondly,

the RT product was used as the template for PCR in the

same thermal Cycler Dice with PrimeSTAR� HS DNA

Polymerase (TaKaRa Biotech Co. Ltd.). The total reaction

mixture contained RT products (3 ll), 59 PrimeSTAR

PCR Buffer (10 ll), 2.5 mM each of dNTP Mixture (4 ll),

20 lM of the forward primer (0.5 ll), 20 lM of the reverse

primer (0.5 ll), 2.5 U/ll of PrimeSTAR� HS DNA Poly-

merase (0.25 ll), dH2O (31.75 ll). PCR conditions used

included an initial incubation for 2 min at 94�C, followed

by 30 cycles of 10 s at 98�C, 30 s at 55�C and 40 s at 72�C.

After a final incubation for 5 min at 72�C, 5 ll of the PCR

product was analyzed by agarose electrophoresis (1.0%)

and visualized with ImageMaster� VDS.

Cloning and DNA sequencing

After the PCR-amplified DNA was recovered from gel with

Agarose Gel DNA Purification Kit Ver.2.0 (TaKaRa Bio-

tech Co. Ltd), poly ‘‘A’’ tail was added using DNA

A-Tailing Kit (TaKaRa Biotech Co. Ltd.) and the poly

A-tailed cDNA was cloned into pMD19-T simple vector

(TaKaRa Biotech Co. Ltd). The E. coli JM109 (TaKaRa

Biotech Co. Ltd) was then transformed by the recombinant

plasmid pMD19-T-Der f 6, the positive clones were

selected by blue/white screening on Luria–Bertani (LB)

plates containing 100 lg/ml ampicillin, and confirmed by

restriction enzyme analysis with BamHI and XhoI and

automatic DNA sequencing.

Construction of expression plasmids

The above recombinant plasmid pMD19-T-Der f 6 was

digested with BamHI and XhoI to release Der f 6 fragment

with 50 ll of the total reaction mixture containing 200 ng/ll

of pMD19-T-Der f 6 (5 ll), 109 M Buffer (5 ll), 15 U/ll

of BamHI (1.5 ll), 15 U/ll of XhoI (1.5 ll) and dH2O

(37 ll). At the same time, the pET28a (?) (Novagen) was

digested with BamHI and XhoI in a reaction containing

100 ng/ll of pET28a (?) (10 ll), 109 M Buffer (5 ll),

15 U/ll of BamHI (1.5 ll), 15 U/ll of XhoI (1.5 ll), and

dH2O (32 ll). These two restriction enzyme reactions were

incubated at 37�C overnight. After agarose electrophoresis

analysis, the Der f 6 cDNA fragment was recovered and

then sub-cloned into the linearized vector pET28a (?) to

create pET28a (?)-Der f 6 using the DNA Ligation Kit

(TaKaRa Biotech Co. Ltd). E. coli Competent Cells JM109

Mol Biol Rep

123

http://www.allergen.org/


(TaKaRa Biotech Co. Ltd) were transformed with pET28a

(?)-Der f 6 plasmids, positive clones were selected by

blue/white screening and determined by restriction enzyme

analysis with BamHI and XhoI.

Expression of rDer f 6 in E. coli BL21 (DE3)

pET28a (?)-Der f 6 plasmid (0.5 ll) that was purified

using the MiniBEST Plasmid Purification Kit Ver.2.0

(TaKaRa Biotech Co. Ltd) was used to transform 100 ll of

E. coli BL21 (DE3, Stratagene). The E. coli BL21 cells

carrying pET28a (?)-Der f 6 were grown on LB plates

containing 50 lg/ml of kanamycin at 37�C overnight. The

single colony was inoculated into 2 ml LB and cultured at

37�C overnight, 100 ll of which was taken and added into

a glass tube containing 5 ml LB containing kanamycin and

then cultured at 37�C. 10 mM Isopropyl-b-D-thiogalacto-

pyranoside (IPTG, 50 ll, final concentration of 1 mM) was

added and incubated for 3 h at 37�C. The E. coli cells were

harvested by centrifugation. After resuspension in PBS

buffer (200 ll/tube), the cells were subjected to ultrasonic

disruption until the suspension became transparent. 50 ll

of the cell-disrupted suspension was taken as the whole cell

lysate. 10 ll of the protein samples were then subjected to

sodium dodecylsulphate-polyacrylamide gel electrophore-

sis (SDS-PAGE, 12.5%) and CBB-R250 staining after

2.5 ll of 59 SDS sample buffer was added and the mixture

was heated for 10 min at 95�C.

Purification and renaturation of recombinant

protein rDer f 6

After the induced bacteria were collected and centrifuged,

the cell pellet was resuspended with 40 ml of 19 bind

buffer (His�Bind� Purification Kit, Novagen, Germany),

followed by ice-bath and ultrasonic disruption for 10 min.

The cell lysate was then centrifuged at 5,0009g for 15 min

and this precipitation was a crude inclusion body, which

was treated with 19 bind buffer containing 6 M urea. Upon

filtration, the supernatant was subjected to SDS-PAGE.

Before purification, 5 ml of His Bind Resin (Novagen,

Germany) was used to balance the His-Bind column

(Novagen, Germany) to get a resin column about 3 ml. The

super pure water with the volume as three times as the resin

column was added through the column, and followed by

19 Charge Buffer (Novagen, Germany) and 19 bind

buffer containing 6 M urea. The E. coli BL21 (DE3)

containing the recombinant protein rDer f 6 was filtered

through the column, and the culture was collected and

marked. In the end, 19 Bind Buffer containing 6 M urea

with the volume as ten times as the resin column, 19

Washing Buffer containing 6 M urea with the volume as

five times as the resin column, and 19 Elute Buffer

containing 6 M urea with the volume as two times as the

resin column were added through the column.

Western blotting

For Western blotting analysis, proteins were transferred to

a PVDF membrane (TIANGEN, Biotech Co. Ltd., China)

and incubated with blocking buffer containing 1.5% of

BSA, 20 mM Tris–HCl (pH 8.0), 150 mM NaCl, and 0.1%

Tween 20. The membrane was incubated with 1:1,000

dilution of primary Penta-His Antibody (TIANGEN, Bio-

tech Co. Ltd, China) at 4�C overnight, followed by incu-

bation with 1:1,000 dilution of secondary antibody HRP-

Rabbit Anti-Mouse IgG (H?L) (ZYMED Laboratories,

USA) at room temperature for 1 h. The protein bands were

then visualized using 1 ml of diaminobenzidine (DAB)

substrate for 1 min.

ELISA for IgE-binding assay

Fifty ll of 5 lg/ml of each of the recombinant Der f 6 was

coated onto a 96-well microtiter plate at 4�C overnight

using 50 ll of 0.1 M NaHCO3, pH 8.4. The plate was then

washed three times with washing buffer (19 PBS with

0.05% Tween 20). After blocking with 100 ll of 1%

bovine serum albumin (BSA) in PBS-Tween 20 for 60 min

at 37�C, 50 ll of diluted asthmatic patient’s serum (1:50

dilution with blocking buffer) was added with another

overnight incubation at 4�C, the plates were then washed.

50 ll of 250 ng/ml of biotin-conjugated antihuman IgE-

HRP (1:1,000 dilution, ZYMED Laboratories, USA) was

added and the plate was incubated at 37�C for 60 min. For

enzyme reaction, TMB substrate solution (Kirkegaard &

Perry Laboratories, USA) was added, followed by an

incubation at 37�C for 20 min. After the final wash, col-

orimetric reaction was performed by adding 100 ll of pa-

ranitrophenyl phosphate (Sigma, USA) and an incubation

at 37�C in dark. Absorbance at 450 nm was determined

using Spectrophotometer (BIO-RAD MODEL 550).

Characterization of the cloned Der f 6

The ORF was determined by using the ORF finder in the

NCBI (National Center for Biotechnology Information)

Website. The amino acid sequence of Der f 6 was deter-

mined by Translate Tools in ExPaSy web server and its

physio-chemical properties by ProtParam tool. After its

signal peptide sequence predicted by SignalP 3.0 software

was removed, its hydrophilicity was determined by Prot-

Scale tools and its nuclear export signal (NES) analysis by

NetNES 1.1 Server, the protein subcellular localization by

CELLO v.2.5, the secondary structure by GOR4.0 and its

function sites by InterProScan, PROSCAN and ELM
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(Eukaryotic Linear Motif) tool. The matched sequences of

ticks and mites with Der f 6 were chosen for alignment

with ESPript software, and computed for similarity with

VECTOR NTI 9.0 software (IBI, New Haven, Conn.,

USA).

Results

Construction of recombinant plasmid pMD19-T-Der f 6

After the total RNA of Dermatophagoides farinae was

extracted, the Der f 6 cDNA was synthesized by RT-PCR,

and a band about 840 base pairs present in agarose gel

electrophoresis. The PCR product was recovered and

linked into simple pMD19-T to obtain the recombinant

plasmid pMD19-T-Der f 6, which was transformed into

E. coli competent cells JM109. After culture overnight,

eight positive clones were selected and extracted for the

plasmid pMD19-T-Der f 6, which was subjected to enzyme

digestion analysis with BamHI and XhoI to confirm the

presence of Der f 6, and the expected result was observed.

Nucleic acid sequence and analysis

After restriction enzyme analysis, five out of eight plasmids

were chosen and sequenced to confirm its identity by

automatic DNA sequencing with BcaBESTTM Sequencing

Primer Primer pMD18F and Primer pMD18R. An ORF of

840 bp from the start codon ATG to the stop codon TGA,

encoding 279 amino acids, was identified in our Der f 6

clones. The alignment results among the reference (Gen-

Bank Accession Number AF125187) and our sequencing

results for the five positive clones were shown in Supple-

mentary 1. A total of 36 nucleotide substitutions were

observed. The amino acid sequences deduced from their

nucleotide sequences showed 23 incompatible amino acid

residues (Supplementary 2). The nucleotide sequence for

clone 3, however, had a 96.8% homology with the

reference.

Construction of plasmid pET28a (?)-Der f 6

and its expression in E. coli BL21

After sequence alignment, the clone 3 was chosen to

generate the construct expressing the recombinant Der f 6.

After digestion of the recombinant plasmid pMD19-T-Der

f 6 with both BamHI and XhoI, the recovered cDNA

encoding Der f 6 was sub-cloned into the expression vector

of pET28a (?) and the positive clones were confirmed by

restriction digestion and sequencing. The E. coli BL21 was

then transformed with plasmid pET28a (?)-Der f 6 and the

protein expression was induced by IPTG at 37�C for 3 h.

The optical density (OD) value was 0.601 and 1.696 before

and after induction. A single specific band matching the

postulated molecular weight of 28285.97 Da was detected

by SDS-PAGE western blotting (Fig. 1a, b).

IgE-binding reactivity of rDer f 6

After chromatography, approximately 2.75 mg of the

recombinant product was obtained. ELISA was used to test

whether our E. coli-produced rDer f 6 had IgE-binding

ability with purified rDer f 6 as coat antigen. As shown in

Fig. 2, the OD value of the five healthy volunteers was

(354.6 ± 15.42), and the postulated cut-off value was

400.86. The average rDer f 6-specific IgE OD value from

20 asthmatic patients was (387.95 ± 43.57), nine of them

(45%) were considered Der f 6-positive.

Inferred amino acid sequence and its structural

and functional prediction

A total of five pMD19-T-Der f 6 clones were sequenced

and the highest homology (96.8% with the reference

sequence, GenBank Accession No. AF125187) was

observed in the clone 3. An open reading fragment (ORF)

was identified which encodes a protein of 279 amino acid

residues with a molecular weight of 30370.59 Da, a molar

extinction coefficient of 41970 and a theoretical isoelectric

point (pI) of 6.11. A signal peptide sequence from 1 to 19

amino acid residues was predicted by SignalP 3.0 software.

After removal of this sequence, the mature Der f 6 consists

of 260 amino acid residues with a molecular weight of

28285.97 Da; its aliphatic index is 90.79 and its instability

index (II) is 29.97, suggesting a stable protein molecule.

The grand average of hydropathicity (GRAVY) was pos-

tulated to be -0.139, suggesting that it is a hydrophobic

protein as demonstrated by ProtScale tool. The secondary

structure of Der f 6 was predicted using the GOR4.0

software and the results showed that 7.69% (20 amino

acids) of the protein is alpha helix, 34.62% (90 amino

acids) as extended strand, 57.69% as (150 amino acids) as

random coils (Supplementary 3). By NetNES 1.1 Server,

the highest score of leucine-rich NESs is 0.513 positioned

at 48 residues in the protein. The subcellular localization of

Der f 6 was predicted by CELLO v.2.5 and the result

showed that it was likely extracellular (Table 1). By in-

terProScan, the matured protein was speculated with ser-

ine-type endopeptidase activity due to the active sites of

trypsin, chymotrypsin, and trypsin-like serine proteases. By

the SMART sever (Simple Modular Architecture Research

Tool, http://smart.embl-heidelberg.de/), a globular domain

was identified between residues 30–255. The cAMP- and

cGMP-dependent protein kinase phosphorylation sites,

protein kinase C phosphorylation site, casein kinase II
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phosphorylation site, N-myristoylation site and other

motifs in this matured protein were speculated by Scan-

Prosite and PROSCAN (Table 2).

Amino acid sequence homology analysis and alignment

After removal of signal peptide sequence, the deduced amino

acid sequence of the mature protein Der f 6 was compared

with other sequences in all non-redundant GenBank CDS

translations?PDB?SwissProt?PIR?PRF excluding envi-

ronmental samples. Based on our BLASTp search in the

NCBI (National Center for Biotechnology Information)

database, the similar amino sequences of ticks and mites, i.e.

Der f 3 (GenBank No. ACK76291), Der f 9 (GenBank No.

AAP35067), Blo t 3 (GenBank No. AAQ24542), Blo t 6

(GenBank No. AAQ24544), Blo t 9 (GenBank No.

AAQ24546), Sui m 3 (GenBank No. AAX34049), Sui m 6

(GenBank No. AAX34053), Sui m 9 (GenBank No.

AAX34056), Ale o 3 (GenBank No. ABU50818), Ale o 9

(GenBank No. ABU50819) were chosen. After deletion of

sequences coding for signal peptides, they were aligned

using the VECTOR NTI 9.0 software and the similarity of

Der f 6 to Blo t 6, Sui m 6, Der f 3 and Der f 9 were 64, 65, 35

and 38%, respectively (Supplementary 4; Table 3).

Fig. 1 Expression of rDer f 6

(clone 3) in E. coli BL21 cells.

a Lane M, protein weight

marker; lane 1, the whole cell

lysate of E. coli BL21 cells

containing pET28a (?)-Der f 6

without being induced; lane 2,

the whole cell lysate of E. coli
BL21 cells containing pET28a

(?)-Der f 6 after being induced;

lane 3, the purified rDer f 6.

b Western blotting analysis of

rDer f 6 protein; lane M, protein

weight marker; lane 1, the

whole cell lysate of E. coli
BL21 cells containing pET28a

(?)-Der f 6 without being

induced; lane 2, the whole cell

lysate of E. coli BL21 cells

containing pET28a (?)-Der f 6

after being induced; lane 3, the

purified rDer f 6

Fig. 2 The IgE-binding reactivity of rDer f 6 (clone 3). ELISA was

used to detect the IgE-binding reactivity of rDer f 6 to sera collected

from mite-sensitive asthmatic patients (n = 20, AllergyScreen Grade

C3). As a negative control, mite-insensitive health donors (n = 5)

were also detected. The reactivity was considered to be positive if the

OD values of the detected sera were higher than the cut off ELISA

value (mean ELISA value of healthy donors ± 3 SD) that was

indicated as a horizontal line. rDer f 6-positive asthmatic patients

were marked by asterisks
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Discussion

In the present study, we cloned the full-length cDNA

fragment encoding the group 6 allergen from D. farinae

Table 1 Protein subcellular localization for Der f 6 by CELLO v.2.5

Support vector machine Localization Reliability

Amino acid comp. Extracellular 0.743

N-peptide comp. Extracellular 0.375

Partitioned seq. comp. Extracellular 0.842

Physico-chemical comp. Cytoplasmic 0.324

Neighboring seq. comp. Extracellular 0.888

CELLO prediction

Extracellular 3.141

Cytoplasmic 0.699

Nuclear 0.424

Mitochondrial 0.241

Lysosomal 0.138

Chloroplast 0.115

Vacuole 0.111

Plasma membrane 0.058

Endoplasmic reticulum 0.027

Golgi 0.020

Peroxisomal 0.015

Cytoskeletal 0.011

Table 2 Motifs or function sites analysis of the matured Der f 6

allergen

Tools Motifs of function site AA

position

ScanProsite Serine proteases, trypsin domain profile 31–260

Serine proteases, trypsin family, histidine

active site

71–76

Serine proteases, trypsin family, serine

active site

208–219

PROSCAN cAMP- and cGMP-dependent protein

kinase phosphorylation site

223–226

Protein kinase C phosphorylation site 86–88

Casein kinase II phosphorylation site 98–101

N-myristoylation site 30–35

33–38

62–67

79–84

159–164

181–186

190–195

198–203

Serine proteases, trypsin family, histidine

active site

71–76

Serine proteases, trypsin family, serine

active site.

208–219
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isolated from house dust in China. Five cDNA clones of

Der f 6 obtained by PCR were sequenced and compared to

the reference sequence (GenBank Accession Number

AF125187). Although the five clones were obtained

simultaneously, there were 36 nucleotide substitutions and

23 incompatible amino acid residues in the complete pre-

protein. This result for the first time indicated that Der f 6

allergen might have sequence polymorphism that may

influence the immunogenity of Der f 6, although recom-

binantly produced proteins, whether produced by bacteria,

yeast, or insect cells will differ from the native proteins in

terms of posttranslational modifications, such as glycosyl-

ation. To our knowledge, molecular polymorphisms are

due to distinct posttranslational modifications. Subsequent

analyses in this study accommodate some function sites in

the matured Der f 6 allergen, such as protein kinase C

phosphorylation site, casein kinase II phosphorylation site,

N-myristoylation site, etc. These function sites would serve

as supplementary evidence for the existence of sequence

polymorphisms in Der f 6 allergen and the polymorphism

data will be important for the development of peptide-

based immunotherapeutic agents for mite-allergic patients.

Nevertheless, the sequence polymorphism of the group 6

dust mite allergen needs to be further elucidated.

The IgE-binging frequency of recombinant Der f 6 has

been reported to be 39% (15/38) in mite allergic patients

[12], suggesting that the group 6 allergen is an allergen

with moderate IgE-binding capacity against house dust

mite-sensitive individuals. In the present study, we showed

that 45% of the investigated patients allergic to dust mites

allergenicity to our E. coli-produced rDer f 6 as determined

by ELISA, indicating that our rDer f 6 had IgE-binding

capacity similar to that as previously reported and that the

expression system developed in this study was successful

and could be applied to produce rDer f 6 on a large scale in

the future.

With the increasing allergy-related data through func-

tional genomics, gene microarrays and proteomics, bioin-

formatics tools are already crucial to allergy research in

allergen characterization including the identification of

structural motifs, B- and T-cell epitopes and other aspects

[13–15]. After the recombinant plasmid pMD19-T-Der f 6

clones were sequenced, the complete sequence of Der f 6

was analyzed by informatics software, and the results

showed that it would encode a pre-protein with full length

of 279 amino acid residues and a signal peptide from 1 to

19 residues. After removal of the signal peptide sequence,

the mature Der f 6 allergen consisted of 260 amino acid

residues with a calculated MW of 28285.97 Da, which was

different from the previous description that the 231-residue

mature Der f 6 allergen had a calculated MW of 25, 000

[3]. Based on the deduced amino acid sequences with 260

residues, the Der f 6 was a stable hydrophobic extracellular

protein, and its secondary structure was composed of alpha

helix (7.69%), extended strand (34.62%), random coils

(57.69%). It is known that 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 oriented 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 hydrogen bonds between backbone

amide and carboxyl groups. That 57.69% of residues was

involved in the Der f 6 allergen maybe associated with its

characterization, and a lot of work should be done in this

aspect.

The Der f 6 allergen has been well demonstrated to be a

kind of chymotrypsin-like serine protease, known to exist

as an inactive precursor zymogen that is cleaved during

limited proteolysis to generate an active form. Addition-

ally, cAMP- and cGMP-dependent protein kinase phos-

phorylation sites, protein kinase C phosphorylation sites,

casein kinase II phosphorylation sites, N-myristoylation

site and some other motifs or function sites were identified

in the deduced amino acid sequence by ScanProsite and

PROSCAN.

Homology analyses revealed that the similarity between

Der f 6 and Blo t 6, Sui m 6 were 64, 65%. Interestingly,

the similarity between Der f 6 and Der f 3, Der f 9 were 35,

38%; which were 37, 40%, between Blo t 6 and Blo t 3, Blo

t 9; 38, 44% between Sui m 6 and Sui m 3, Sui m 9. To

date, the group 3, 6 and 9 allergens have been categorised

as trypsin, chymotrypsin and collagenolytic serine protease

in essence [3], respectively, which have high similarity.

In conclusion, we have characterized Der f 6 and suc-

cessfully developed an expression system to produce

recombinant Der f 6 in this study. These are fundamental to

our understanding of the contribution of Der f 6 allergen to

the pathogenesis of mite allergic diseases as well as to the

development of standardized diagnostic tests and new

therapies.
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