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Abstract

Dg2, a gene encoding a 34 kDa immunodominant antigen of Dirofilaria immitis
was cloned and demonstrated to be specifically expressed in the larval stage.
In this study, a newly constructed genomic DNA library was screened by
hybridization with Dg2. One of the resulting positive clones was similar to Dg2
in the structure of its exonic regions but different in number, position, size and
sequence of introns. This was designated DgK. Full-length cDNA was isolated
using the rapid amplification of cDNA ends (RACE) method to study the
transcript corresponding to DgK. Sequence analysis revealed that the mRNA
corresponding to DgK is trans-spliced during post-transcriptional processing
because the 50 end of the amplified cDNA contains seven nucleotides of the
nematode-spliced leader (SL) sequence.

Introduction

Dirofilaria immitis, a canine filarial nematode, is
transmitted by mosquito vectors such as Aedes togoi and
A. albopictus in Japan. It occasionally infects humans
resulting in dirofilariasis with the formation of pulmon-
ary or subcutaneous nodules. Diagnosis is made by
histological identification of the worms in the nodules.
However, immunodiagnosis using specific antigens is
also useful. To this end, the genes encoding specific
antigens of D. immitis have been cloned (Grandea III
et al., 1989; Culpepper et al., 1992; Poole et al., 1992; Frank
et al., 1996; Hong et al., 1996). We previously reported
the characterization of a cDNA clone encoding a 34kDa
immunodominant antigen (cD34) (Sun et al., 1991; Sugane
& Sun, 1994), which is useful for immunodiagnosis of
dirofilariasis with ELISA (Sun & Sugane, 1992). In addi-
tion, mRNA corresponding to cD34 was detected only in
microfilariae in Northern blot assay (Sun et al., 1992). For
elucidation of the mechanism of stage-specific expression

of the gene, a genomic clone, Dg2, was cloned and its
complete structure was analysed (Sun & Sugane, 1994).
However, the 50-upstream region of Dg2 contains only up
to 151 bp upstream of the transcription initiation site.
Therefore, a newly constructed genomic DNA library was
screened with 32P-cD34 probe to obtain the 50 end of the
gene. As a result, the genomic clone DgK was isolated. A
comparison of the nucleotide sequences of DgK and Dg2
showed more than 91% identity in the exonic regions,
while they differed from each other in the number,
location, size and sequence of introns. We report here the
molecular characterization of DgK and comparison with
Dg2.

Materials and methods

Parasites

Fresh male and female adult worms of D. immitis and
whole blood from infected dogs were kindly provided by
Dr J.X. Wang (1st Department of Physiology, Shinshu
University School of Medicine). Microfilariae (mf) were
harvested from whole blood of infected dogs by centri-
fugation after treatment with saponin (Ando et al., 1980).
All worms were washed several times with sterile 0.85%
saline solution and stored at −858C until use.
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Extraction of RNA and genomic DNA

Total RNA was extracted from 0.3 ml of packed
mf using the phenol–chloroform extraction method

(Chomczynski & Sacchi, 1987). Poly (A)þ RNA was isolated
with QuickPret Micro mRNA Purification Kit (Pharmacia
Biotech, Sweden). Genomic DNA was isolated from
parasites as described by McReynolds et al. (1986).

Fig. 1. Nucleotide sequence and predicted amino acid sequence of DgK and cDNA amplified with the RACE method. A, Nucleotide
sequence of DgK. Nucleotides are numbered from the first position of exon 1 which is indicated by an arrowhead. Exon and intron
composition were determined as described in Materials and methods. The amino acid sequence deduced from nucleotide sequence of
exons is shown in one letter code below the coding DNA. Potential N-linked glycosylation sites are indicated by an open box and the
amino acid sequences identical to cD34 are shaded. The arrows GSP2 and NGSP2 represent the degenerate sense primers used for
amplification of the 30 end. The arrows GSP1 and NGSP1 represent the gene-specific antisense primers used for amplification of the 50 end.
* stop codon. B, Nucleotide sequence of cDNA amplified with the RACE method. The combined nucleotide sequence of the 50- and 30-
RACE products is 2363 bp in length. Putative SL sequence and poly(A) tail are indicated with single and double underlines, respectively.
The nucleotide sequence of the middle region (191-2173, dashed line) is omitted.
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Construction and screening of the genomic DNA library

Genomic DNA prepared from female adult worms was
partially digested with Sau 3A1 and electrophoresed on
0.5% agarose gel. Then, DNA fragments ranging from
4 kb to 16 kb were isolated and inserted into the Bam HI
site of Charomid 9–36 arm DNAs (Nippon Gene, Co.,
Ltd, Japan). Packaging was carried out using commer-
cially available extracts (Gigapack Gold, Stratagene,
California, USA). The recombinant phage particles were
propagated on Escherichia coli (VOS 257). Approximately
3 × 104 recombinant phages were screened by colony
hybridization using a 32P-labelled Eco RI-Sph I fragment
of cD34(320 bp in length, containing exon 1 and 2 of Dg2)
as a probe (Sambrook et al., 1989). Colonies which gave a
positive hybridization signal were taken through three
rounds of purification.

Nucleotide sequence

Genomic DNA fragments were recovered from positive
clones, digested with an appropriate restriction enzyme
and subcloned into pBluescript II SK(þ) and pGEM3Z. The
nucleotide sequence of the plasmid inserts was deter-
mined by dideoxynucleotide chain termination method
(Sanger et al., 1977) using Dye Terminator Cycle Sequenc-
ing FS Ready Reaction Kit (PE Applied Biosystems, USA).

cDNA amplification by the RACE method

cDNA synthesis from 1 mg poly (A)þ RNA derived
from mf and adapter addition to dscDNA ends were
carried out using a MarathonTM cDNA Amplification Kit
(CLONTECH, USA) according to the manufacturer’s
protocol and 50- and 30-RACE reactions through the
nested PCR were performed using KOD Dash DNA poly-
merase (TOYOBO, Japan). Gene specific primers GSP1 (50-
GGCCACTCACTCGTCTTTCCAGGTGA-30: position from
þ3361 to þ3338), GSP2 (50-AACAGTGGCAAAACAAAA
ACTGACAACA-30: position from þ1137 to þ1164), NGSPI
(50-CGACTGTGCTGATCTCGGTTTATACGTG-30: position
from þ2158 to þ2131) and NGSP2 (50-TATAAACCGGCTT
GCGATGA-30: position from þ1868 to þ1887) (see fig. 1A)
were designed from the nucleotide sequence obtained
from DgK. Adapter primers, AP1 and AP2 in the kit, were
also used. The conditions for the first round of PCR were
as follows: 948C for 1 min and then 25 cycles as follows:
948C for 30 sec and 688C for 4 min. Nested PCR was
carried out at 948C for 1 min and then 25 cycles of the
following scheme: 948C for 30 sec, 608C for 10 sec and 748C
for 2 min. PCR products were separated by 0.8% agarose
gel electrophoresis, and specific fragments isolated from
the gel were purified to use as templates for direct
sequencing.

Southern blot analysis

Genomic DNAs of mf and adult worms were digested
with restriction endonucleases, Eco RI, Hae III, Hind III or
Eco RI þ Ssp I, electrophoresed on 0.9% agarose gel,
transferred onto Hybond Nþ membrane (Amersham,
UK) and prehybridized for 2 h at 658C. The filters were
then hybridized with 32P-labeled Probe 1 (Eco RI-Eco RI
fragment of DgK) or probe 2 (Eco RI-Eco RI fragment of

Dg2) for 12 h at 658C (see fig. 3A) and washed several
times at 658C. The filters were exposed for 12 h using
an Imaging Plate Type BAS-IIIS (Fuji Photo Film, Japan)
and visualized with a FUJIX Bio Imaging Analyzer BAS-
1500 (Fuji Photo Film, Japan). After removing the probe,
the filter was rehybridized with 32P-labeled probe 2 or
probe 1.

Results

Cloning and sequencing of DgK

A charomid 9-36 genomic DNA library derived from D.
immitis female adult worms was screened using the 32P-
labeled Eco RI-Sph I fragment of cD34 as a probe. Five
distinctively hybridized colonies were identified after the
third round of screening. Restriction endonuclease map-
ping and Southern blot analysis showed that five positive
clones contained different segments of the same genomic
region (data not shown). The 8267 bp nucleotide sequence
of two independent overlapping clones was determined.
We designated the gene DgK (fig. 1A).

Structural analysis of DgK

For characterization of the mRNA corresponding to
DgK, the cDNA amplification was performed using the
RACE method. The first 50-RACE (GSP1, AP1) and 30-
RACE (GSP2, AP1) reactions using an adapter ligated to
the ds cDNA as template gave no specific RACE pro-
ducts. Therefore, an aliquot of the first RACE products
were reamplified using specific nested primers. As a result,
approximately 0.8 kb and 1.9 kb bands were prominently
amplified by nested 50-RACE (NGSP1, AP2) and 30-RACE
(NGSP2, AP2), respectively (data not shown). After
isolation of the fragments, these overlapping RACE pro-
ducts were directly sequenced using appropriate primers
which were designed from the nucleotide sequence of
DgK. The combined nucleotide sequence of the 50- and 30-
RACE products revealed that the cDNA was 2363 bp in
length and contained seven nucleotides at the 50 end
which were not detected in DgK (fig. 1B). The cDNA
corresponding to DgK was composed of an open reading
frame encoding 353 amino acids followed by a long 30

non-coding region of 1278 bp and contained five potential
target for N-glycosylation(N-X-T/S). Comparison of the
nucleotide sequence between cDNA and DgK revealed
that DgK comprised nine exons separated by eight introns.
The exonic regions were conserved between DgK and
Dg2 with a 91% sequence identity. However, their introns
differed in number, location, size and sequence (fig. 2A).
Also, more than 80% amino acids was identical between
DgK and Dg2 (fig. 2B).

Detection of DgK in mf and female or male adult worms

Nucleotide sequence analysis revealed that DgK is
clearly different from Dg2 in its structure. To investigate
whether Dg2 and DgK form the multigene family,
Southern blot analysis of genomic DNA was carried out
using probes 1 and 2 (fig. 3A). The results indicated that
all prominent bands originated in DgK when the genomic
DNA containing DgK was analysed using probe 1 (fig.
3B-1). Also, all the bands were derived from Dg2 in the
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analysis of the genomic DNA containing Dg2 (fig. 3B-2).
Probes 1 and 2 cross-hybridized to Dg2 and DgK, respec-
tively because of their structure (data not shown). The
hybridization patterns were not incompatible with the
restriction maps of DgK and Dg2 (fig. 3A). Furthermore,
no detectable difference in hybridization pattern was
observed between mf and male or female adult worms
(fig. 3B-1, 3B-2).

Discussion

In order to elucidate the mechanism of stage-specific
expression of Dg2, which encodes an immunodominant
antigen of D. immitis, a genomic clone containing a longer
upstream region compared to Dg2 was sought by screen-
ing a newly constructed genomic DNA library using 32P-
cD34 as a probe. As a result, DgK was cloned and its
nucleotide sequence was determined. A comparison of
the nucleotide sequences of DgK and Dg2 indicated that
DgK is clearly different from Dg2 in structure. Therefore,
the RACE method was used to confirm the existence of
mRNA corresponding to DgK. The combined analysis
of the nucleotide sequence of 50- and 30-RACE products
revealed that the cDNA was composed of an open
reading frame encoding 353 amino acids with a predicted

molecular weight of 39.0 kDa with five potential targets
for N-glycosylation (N-X-T/S). The region downstream
of the 74th amino acid residue was almost identical in
its amino acid sequence to cD34 (fig. 1A, shaded bar).
Also, the amplified cDNA derived from DgK and cD34
had structural similarities; e.g. the length and long 30

non-coding region suggested that the deduced proteins
encoded by these two cDNAs may have a similar
antigenicity and function. Determination of the transcrip-
tion initiation site is very difficult because the transcripts
from the DgK are trans-spliced during maturation of
mRNA (Krause, 1995). PCR products that reflect the
existence of pre-mature mRNA before the acquisition of
the SL sequence were not detected by the RACE method.
Since the nucleotide sequence, GTTTGAG at the 50 end
corresponds to the 30 end of the nematode-specific spliced
leader (SL) sequence of 22 nucleotides (Donelson & Zeng,
1990), the transcripts from DgK may be trans-spliced
during pre-mRNA maturation. DNA repeated units con-
taining the genes for 5S RNA and SL sequence were
found in the genome of D. immitis (Zeng et al., 1990), and
several mRNAs of D. immitis have an SL sequence at its
50-end (Kuramochi et al., 1995; Ma et al., 1996). These
results indicate that considerable mRNAs of D. immitis
are trans-spliced like other nematodes. Comparison of the

Fig. 2. A. Comparison of gene structure between DgK and Dg2. E1-E9 are exons, and inner numbers indicate the size (bp) of exons and
introns. Black and striped boxes indicate highly conserved regions and not highly conserved regions between the exonic sequences of
DgK and Dg2, respectively. Corresponding positions of exons are linked with lines. Positionþ1 of Dg2 indicates the transcription
initiation site (Sun & Sugane, 1994). B. Comparison of amino acid sequence between DgK and Dg2. Identical amino acids are indicated in
black boxes. Gaps(−) were inserted to maximize the homology.
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sequence between DgK and amplified cDNA indicated
that the common sequence of AA/Ggtaagt/c

t/a⋅⋅⋅ttttcagA/
G at the splice junction of DgK conforms to the consensus
sequence of AGgtaagtt⋅⋅⋅ttttcagA/G found in cis-splicing

of Caenorhabditis elegans (Krause, 1995). The similarity of
the splice site sequence is found in the genes of other
parasitic nematodes such as Onchocerca volvulus (Erondu
& Donelson, 1990). Also, trans-splicing is common in the

Fig. 3. Southern blot analysis of Dirofilaria immitis. A, Partial restriction maps of the DgK and Dg2 and the position of probes 1 and 2. E:
Eco RI, H: Hind III, S: Ssp I, a: Hae III. Two micrograms of genomic DNA from adult females (lanes 1, 4, 7), adult males (lanes 2, 5, 8) and
microfilariae (lanes 3, 6, 9) was digested with restriction endonuclease, Eco RI (lanes 1–3), Hind III (lanes 4–6) or Hae III (lanes 7–9) in
fig. 3B-1 and Eco RI (lanes 1–3), Eco RI þ Ssp I (lanes 4–6) and Hae III (lanes 7–9) in fig. 3B-2, separated by 0.9% agarose gel electrophoresis,
blotted, and hybridized with 32P-labelled probes as described in fig. 3A. Figures (kb) indicate the position of markers.
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gene of both free-living and parasitic nematodes such as
C. elegans and Toxocara canis (Donelson & Zeng, 1990; Zeng
et al., 1990; Nilsen, 1993; Gems et al., 1995). These results
suggest that basic transcriptional systems of nematode genes
may have been conserved during the process of evolution.

DgK is not a pseudogene, because its cDNA is syn-
thesized. However, DgK is clearly different from Dg2 in
structure. To clarify the possibility that Dg2 and DgK
form a multigene family, a Southern blot analysis was
carried out (fig. 3B-1, 3B-2). As a result, all prominent
bands originated in either DgK or Dg2 and the same
hybridization patterns were observed using probe 2
instead of probe 1, and vice versa. Five samples of D.
immitis were examined from five individual dogs. Three
samples showed the DgK type, two samples showed the
Dg2 type and there was no sample in which both types
were mixed. The gene is therefore considered to be highly
polymorphic and does not form a multigene family in
the worms. Further experiments using worm samples
derived from many infected dogs are necessary to clarify
whether Dg2 and DgK exist in worms as a single gene or a
multigene family. In addition, although different hybrid-
ization patterns in the Southern blot analysis among mf,
male and female adult worms were observed in our previous
study (Sun et al., 1992), no differences were detectable in the
current study (fig. 3B). Therefore, DgK may not be
rearranged during the development of D. immitis.

A comparison of the structure of the genes between
DgK and Dg2 indicated that the introns differed in
number, location, size and sequence between them, while
the exonic regions were conserved with more than a 91%
sequence homology. The striking difference in the gene
structure of Dg2 and DgK may be due to the unique
evolutional process of the genes, since they had no
homology in the nucleotide sequence with other genes.
Therefore, it is necessary to examine a larger number
of samples of the parasites from dogs in geographically
different areas.
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