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Introduction

It has been proposed that house dust mites of the Derma-
tophagoide,s genus are sources of allergens, that cause al-
lergic diseases such as asthma, perennial rhinitis, and ec-
zema [1--4]. For diagnostic and therapeutic purposes, we
attempted production of purified and biologically active re-
combinant proteins of major allergens derived from the
house dust mite , Dermatophagoides farinae. Der f 2 is one
of the major house dust mite allergens from D. farinae, that
reacts with IgE from about 80% ofpatients allergic to mites.
However its physiological function in the mite remains un-
known. Previously we reported the isolation of the three
types of cDNA clones for Der f 2 t5,6] and a large scale
production of recombinant protein was expressed in Es-
cherichia coli l7l.

The three cDNA clones (clone l, clone 2 andclone 1l) of
Der f 2 are highly homologous. Compared with the nucleo-

Abstract
We amplified genomic DNA encoding the major house dust mite allergen, Der
f 2, from Dermatophagoides farinae by means of the polymerase chain reaction
and cloned it into Escherichia colí. The nucleotide sequences of the amplified
fragments were determined and compared with those of the cDNA previously
reported. Four Der f 2 genomic clones were obtained, suggesting that the genom-
ic Der f 2 gene had sequence polymorphisms like the cDNA clones. Each of the
genomic clones had a single small intron. With respect to the exon sequences,
two of the four genomic clones were identical with two cDNA clones, respec-
tively. The others were combinations of the two clones. Genomic Southern blot-
ting suggested that the Der f 2 gene is located at one locus in the mite genome and
that sequence substitutions were due to polymorphisms among individual mite
genes.

tide sequences of clone l, clone l1 possesses six-base sub-
stitutions in the coding region resulting in four amino acid
exchanges. Clone 2 ts a combination type of clone I and
clone l1; it has two-base substitutions compared with
clone I and the substituted bases are identical with those of
clone 11 [6]. All three cDNA clones were expressed in
E. coli and recombinant proteins of Der f 2 (rDer f 2) were
purified. All the variants of rDer f 2 are identical to native
Der f 2 in terms of allergenic activity, because they are
equally recognized by human IgE antibodies from the sera
of 14 patients allergic to mites [8].

Furthermore, amino acid sequencing of native Der f 2re-
vealed that at least two types of Der f 2 were produced in
D. farinae [8]. However, it is not clear whether these base
substitutions are due to polymorphisms in the population or
to the presence of more than one copy of the Der f 2 gene in
each individual. In this study, we cloned the genomic DNA
and identified molecular polymorphisms in Der f 2.
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Materials and Methods

Mites
D. farinae culture supplied by Torii Pharmaceutical Co., Ltd. (To-

kyo, Japan) was cultivated in a flat flask containing animal feed at
25'C and 75% humidity for 30 days. Saturated NaCl was added to the
culture, and live mite bodies were separated from the feed by filtration
as described previously [6].

Preparation of Genomic DNAfrom Mites
Genomic mite DNA was extracted as described by Lis et al. [9].

Five hundred milligrams of live mites were rapidly frozen in liquid
nitrogen, then 6.25 ml of extraction buffer consisting of 0.2 Msucrose,
0.1 M Tiis-HCl (pH 9.2), 50mM EDTA,0.5% SDS were added. The
suspension was immediately homogenized in a Potter homogenizer,
then an additional 18.75 ml of buffer were added. Afterheating at 70'C
for l0 min, 3.75 ml of 8 Mpotassium acetate (pH 9.5) were added fol-
lowed by an incubation on ice for 30 min. After centrifugation, 50 ml
of cold ethanol were added to the supematant, and the nucleic acid
pellet was collected. After RNase treatment and phenol/chloroform
extraction, the DNA was collected by ethanol precipitation. Finally
about l0 mg genomic DNA were obtained.

O I igo de oxynuc I eo tide Synt he s is
Two oligonucleotide primers were made on an Applied Biosys-

tems 38lA DNA synthesizer based on the Der f 2 cDNA sequence.
Primer FOR, 5'-CATAACCGAAAATGATTTCC, coffesponds to the
N-terminal region of Der f2. Primer REV 5'-TTCGATGTTGGT-
GAAAA, corresponds to a sequence downstream of the termination
codon of it (fig.2). Both sequences are identical among the cDNA
clones.

Isolation oJ'Genomic Derf 2 Gene
Polymerase chain reaction (PCR) was performed with I pg each of

primer FOR and REV I pg of genomic mite DNA, 2.5 units of Taq
polymerase (Toyobo, Japan) in 100 pl of PCR buffer [10 mMTris-HCl
(pH 8.3), 50mM KCl, 2.5 mM MgCl2,0.0lo^ (w/v) gelat in,200gtM
each dNTP] for 35 cycles (2 min, 94'C;1 min, 55 "C; I  min, 72"C) in a
programmable incubator (Astech). Aliquots of l0 pl of the PCR prod-
ucts were resolved by 6% polyacrylamide gel electrophoresis and vi-
sualized by ethidium bromide staining. After removing unreacted
dNTPs by ultrafiltration, the PCR products were treated with T4 DNA
polymerase (DNA Blunting Kit; TAKARA) to create blunt ends and
ligated with the vector pUCl l8 cut with,Srual. E. coli JMl09 cells were
transformed by the ligation mixture and positive clones were selected
as white colonies after plating in LB agar plates containing ampicillin
(100 pg/ml) and X-Gal (50 mglml). Recombinant plasmids were puri-
fied and digested with BamHllEcoRl to determine the size of the in-
serts.

DNA Sequencing
DNA was sequenced by means of an Applied Biosystems 37lA

fluorescent sequencer using DyeDeoxy terminators in sequencing re-
actions. The sequence was analyzedusing the software DNASIS (Hi-
tachi Software Service).

Sout hern B I otting A nalv s i s
Genomic DNA from mites was digested with restriction enzymes

that cut the Der f 2 gene (ClaI, EcoT22I or Hincll) with a unique site in
the coding region. Five micrograms of the DNA were used for each
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Fig.1. Structure of the genomic gene of Der f 2 andthe previously
cloned cDNAs [6]. The cloned fragments are shown as white bars.
Restriction sites used for the Southern blotting are represented below
the genomic gene. The intron is represented by stippling. Forward and
reverse primers (FOR and REV) were used to amplify genomic Der f 2
genes.

digestion, followed by gel electrophoresis in loÀ agarose gel. In order
to achieve complete digestion, the DNA was incubated in 50 pl of the
appropriate buffer with 50 units of an enzyme for 90 min at 37'C, and
then 50 trrl ofbuffer containing 50 units of the same enzyme were add-
ed and incubated for another 90 min at37"C. After electrophoresis, the
DNA was denatured, transferred to a nylon membrane (Hybond-N,
Amersham International) and hybridized to a cloned fragment of the
genomic mite Der f 2 gene (No. l6). Preparation of the labeled DNA
fragment and detection of the hybridized probe were carried out by
means of the ECL method lAmersham International).

Results

Cloning of the Genomic Derf 2 Genes
To isolate the genomic gene of Der f 2,two oligonucleo-

tide primers based on the cDNA sequences were produced
and PCR was carried out using whole mite genomic DNA as
the template. After the reaction, the mixture was subjected
to polyacrylamide gel electrophoresis. A single band,
strongly stained with ethidium bromide, was observed on
the gel. The size of the fragments exceeded that predicted
from the cDNA [580 vs. 490bp; data not shown], suggest-
ing the presence of an intron sequence within the amplified
fragments. The amplified fragment was ligated into the
cloning vector, pUCl18. The purified plasmids were used as
templates for DNA sequencing and five clones (No. 16,35,
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Fig.Z. Comparison of nucleotide se-
quences of cDNAs (clone l, clone 1l and
clone 2) [6] and genomic genes of Der f 2
(No. 16, 35,40, and 42). ldentical nucleotides
at the same position of clone I of cDNA and
others are indicated by bars. Asterisks * de-
note deletions of conesponding nucleotides.
Forward and reverse primer sequences are
boxed. The initiation and termination codons
are underlined.
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40,42 and 60) were sequenced. Two of them (No.42 and 60)
were identical to each other. but the others had several base
substitutions. Figure I shows a representative structure of
the genomic gene of Der f 2 andthe cloned cDNAs.

Comparison of DNA Sequences
We compared nucleotide sequences of previously cloned

cDNAs (clone l, Clone ll and Clone 2) 16l with those of the
genomic genes. As shown in figure 2, there were no base
substifutions upstream of the Clal site in the cDNA se-
quence of Der f 2. AlIof the genomic genes had an 87-base-
pair sequence which was a nonhomologous sequence with
the cDNA. From the conserved sequences at the junction

site, which start with the nucleotides GT and end with AG,
this region seemed to be an intervening sequence. There-
fore, the Der f 2 gene had a single intron. This intron in-
temrpted the codon at amino acid residue 9 in the mature
protein, starting from nucleotide 63 of the Der f 2 cDNA.

There were some base substitutions from the down-
stream region of the Clal site of the gene. Two of the four
genomic genes (No. 40 and 42) were identical with clone I
and clone ll, respectively. The others (No.16 and 35) were
combinations of clone I and clone 11. but the combinations
differed from that of clone 2.
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Fig.2. Continued

Genomic Southern Blotting of the Derf 2 Gene
We determined the copy number of Der f 2 in the mite

genome by means of genomic Southern blotting. Whole
mite DNA was completely digested with one of the restric-
tion enzymes, Clal, EcoT22l or HincII, for which there
were unique sites in the genomic gene then hybridized with
PCR-amplif ied Der f 2 gene (No.l6). The results are shown
in figure 3. Only two labeled bands were found in each lane
of the Southern blot. The results supported the notion that
the Der f 2 gene is located at one locus of the mite genome.
Thus, the nucleotide substitutions were due to polymor-
phisms among individual mite genes.
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Discussion

We isolated by means of PCR four genomic DNAs en-
coding the major mite allergen, Der f 2. This report de-
scribes the first primary sequence determination of genom-
ic DNA for the group 2 allergens of Dermatophagoides spp.
A comparison of the gene with the cDNA [6] indicated that
the Der f 2 gene consisted of two exons and a single intron
that intemrpted the codon-specifying amino acid residue 9
of the mature protein. The sequence of the intron-exon
splicejunctions agreed with the GTAT rule and the consen-
sus sequence of Mount [10]. The intron was small (87 base
pairs) and correlated well with the size (58 and 65 base
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Fig. 3. Genomic Southern blot analysis of Der f 2 gene. Five mi-
crograms of mite genomic DNA were completely digested by the re-
striction enzymes indicated on each lane. They cut at a single site on
the Der f 2 gene. After electrophoresis on a0.7o/o agarose gel, the sep-
arated fragments were transferred to a Hybond-N membrane and hy-
bridized with the enzyme-labeled PCR-amplified Der f 2 gene.

pairs) of the introns reported in the group I allergens of the
house dust mite [11].

With respect to the exon sequence, there were minor se-
quence variations among the four genes (frg.2) as well as pre-
viously cloned cDNA. There were only two types of nucleo-
tide substitutions, the positions and types being identical with

those of the cDNAs. These findings suggested that the base
substitutions of cDNA were not due to artifacts during cDNA
synthesis or cloning but to sequence polymorphisms of the
mite and that PCR-induced mutations seemed unlikely while
ampliffing genomic DNA. Within the coding region, there
were eight base substitutions corresponding to four amino
acid codons, as well as a fwo-base insertion/deletion and one-
base substitution at the 3'noncoding region. On comparing
cDNA sequences, genomic clones No.40 and No. 42 were
completely identical with clone 1 and clone ll of the cDNA,
respectively. Clone No. 16 was a combination type of clone I
and clone ll like clone Z,but the combination differed. That
is, three amino acid residues differed from clone I [6] at posi-
tions 88 (Ile--Ala), lll (Ile--Val) and 125 (Gly--Ala). We
found a new isoform of the Der f 2 molecule. Clone No.35
was also a combination type, because the 3'noncoding se-
quence was like clone ll, although the coding region was the
same as clone l. Other variations of the Der f 2 molecule have
been described by Trudinger et al.ll2l and Thomas et al. [3],
but we did not find these isoforms (e.9., Ser 1l or Thr52). This
seemed to be due to different polymorphisms arising from the
origin ofthe mite, for example, Australia and Japan.

Although Chua et al. [4] have also isolated five cDNA
clones of Der pl, the groupe I allergen, derived from Der-
matophagoides pteronyssinus, they did not clarify whether
these base substitutions were due to the presence of more
than one copy of the Der pl gene in each individual, or to
polymorphism in the population. As a result of genomic
Southern analysis in this report, it was revealed that the Der
f 2 gene existed as a single gene in the mite genome. Name-
ly, variations of the Der f 2 gene are due to sequence poly-
morphisms within individual mites.
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