The Journal of Microbiology, October 2005, p.406-410

Copyright (©) 2005, The Microbiological Society of Korea

Complete Sequence of a Gene Encoding KAR3-Related
Kinesin-like Protein in Candida albicans

Min-Kyoung Kim', Young Mi Lee'?, Wankee Kim** and Wonja Choi"*

!Department of Life Science, College of Natural Sciences, Ewha Womans University, Seoul 120-750, Republic of Korea

Iustitute for Medical Sciences, School of Medicine, Ajou University, Suwon 442-749, Republic of Korea
{Received April 23, 2005 / Accepted August 17, 2005)

In contrast to Saccharomyces cerevisiae, little is known about the kinesin-like protein (KLP) in Candida
albicans. The motor domain of kinesin, or KLP, contains a subregion, which is well conserved from
yeast to humans. A similarity search, with the murine ubiquitous kinesin heavy chain region as a query,
revealed 6 contigs that contain putative KLPs in the genome of C. albicans. Of these, the length of an
open reading (ORF) of 375 amino acids, temporarily designated CaK4R3, was noticeably short com-
pared with the closely related S. cerevisiae KAR3 (ScKAR3) of 729 amino acids. This finding prompted
us to isolate a A genomic clone containing the complete CaKAR3 OREF, and here the complete sequence
of CaKAR3 is reported. CaKAR3 is a C-terminus motor protein, of 687 amino acids, encoded by a non-
disrupting gene. When compared with ScKAR3, the amino terminal region of 112 amino acids was
unique, with the middle part of the 306 amino acids exhibiting 25% identity and 44% similarity, while
the remaining C-terminal motor domain exhibited 64% identity and 78% similarity, and have been
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submitted to GeneBank under the accession number AY182242,
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Microtubule-dependent movement is fundamental to many
biological processes, including cell division and intracel-
lular transport of membranous organelles in eukaryotic
cells. The force for the movement derives from ATP
hydrolysis, due to microtubule-based mechanochemical
motor proteins, cytoplasmic dyneins and kinesin super-
family (KIF) proteins or kinesin-like proteins (KLPs)
(Hirokawa ef al., 1998; Goldstein and Yang, 2000). Kine-
sin is composed of 4 domains; motor, neck, stalk and tail
(Kosik er al., 1990; Verhey and Rapoport, 2001). In gen-
eral, the motor domain, possessing ATPase activity, has 5
regions (IFAYGQT, GKTY/HTM, VSYLEYINE, SSD-
SHAIF, and DLAGSE), which are highly conserved in
various organisms. Fragments flanked by these sequences
can therefore be amplified by PCR using degenerate oli-
gonucleotide primers. Using this strategy, numerous KIF
members have been identified (Nakagawa et al., 1997).
When a similarity search was performed, using the evo-
lutionarily conserved murine ubiquitous kinesin heavy
chain region as a query against the database of Candida
albicans (http://sequence-www.stanford.edu/group/candida),
6 putative KLLP open reading frames (ORFs) were local-
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ized in the genome of the species. By comparison with 6
previously identified KLPs of Saccharomyces cerevisiae,
the phylogenic relationship of the C. albicans KLPs was
established (Fig. 1). Of these, the length of an ORF (375
amino acids) deduced from the contig6-2474, designated
CaKAR3, was noticeably short compared with the closely
related S. cerevisiae KAR3 (ScKAR3) of 729 amino acids.
Since ScKAR3 is a kinesin, where the motor domain is
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Fig. 1. Phylogenic relationship between kinesin-like proteins of S.
cerevisiae and C. albicans. The six contigs shown were derived by a
homology search using the murine ubiquitous kinesin heavy chain
motor domain as a query in the database of Candida albicans (http:/
/sequence-www.stanford.edu/group/candida). KLPs of S. cerevisiae
were from http://www.proweb.org/kinesin/. A phylogenic relationship
was established using the AlignX program within the Vector NTI Suite
(InforMax, Bethesda, MD). The numbers of amino acids of each ORF
are indicated in parentheses.
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Fig. 2. Nucleotide and deduced amino acid sequences of CaKAR3. The nucleotide and amino acid residues are numbered from the initiation codon
of an ORF. The four primer sequences used for the RT-PCR are underlined, and designated S1 (5’-CAGGCTAGTCACGTGCAG-3"), AS1 (5’-CAT-
TCGACCAACTTCAAACTG-3%), S2 (5’-GAGCAAGCCATTACAATATTG-3") and AS2 (5’-GTTAACCTTGGTTGCAAACCT-3"), from the 5’
end. Bold letters represent the overlapping region between contig6-2474 and cotig6-1523 (see text for detail). Boundaries of the CaKAR3 transcript
are unknown. These sequences have been submitted to Genbank under the accession number AY 182242.
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located at the carboxyl terminus, the amino terminal region
of CaKAR3 was suspected to be missing in the contigh-
2474, In fact, when PCR was performed, using C. albicans
genomic DNA as a template, with primers surrounding the
initiation codon that appears in the contigh-2474 ORF, no
product was generated. This finding prompted us to isolate
a A genomic clone containing the complete CaK4R3 ORF,
the sequence of which is reported here.

Materials and Methods

Preparation of probe

For preparation of a probe, DNA fragments covering the
CaKAR3 motor domain was amplified using C. albicans
genomic DNA, with primers S2 and AS2, as shown in
Fig. 2. Purified 440 bp PCR products were labeled and
used for genomic library screening.

Genomic library screening

The basic procedure has been described elsewhere (Sam-
brook and Russel, 2001). Hybridization was carried out
overnight, at 42°C, in 5 x SSC (1 x SSC was 150 mM NaCl
and 15 mM Na-citrate), 0.1% BLOTTO and 50% forma-
mide. Washing was performed in 2 x SSC at 42°C for
30 min, and then in 0.1 x SSC, 0.1% (w/v) SDS at 68°C for
30 min. Plaque hybridization was performed using replica
nitrocellulose filters from plates containing 2 x 10* clones
cach from the C. albicans » EMBL. genomic library, using
approximately 5 x 10* dpm of the probe, as prepared above.
The genomic clones selected in the primary screening were
subjected to secondary screening. Inserts from purified pos-
itive A clones were subcloned into pBluescript, and their
nucleotide sequence determined.

RT-PCR

Total RNA of C. albicans was prepared from a blas-
tospore culture. First strand cDNAs were synthesized by
transcribing 1 ug of RNA with 200 units of MMLV
reverse transcriptase (Promega, USA), as recommended
by the manufacturer. Using a combination of sense and
antisense primers, PCR was conducted for 35 cycles at
94°C for 60 sec, 55°C for 60 sec and 72°C for 120 sec (Jin
et al., 2004; Kwon et al., 2004). The PCR products were
subjected to electrophoresis on a 0.8% agarose gel, with
distinct bands purified by electroelution, followed by
cloning into the pGEM T-easy vector (Promega, USA)
and sequencing using the dideoxy termination method.

Sequence analyses

Database searches, with either DNA or protein sequences,
were performed with the BLAST search program on the
databases of the National Center for Biotechnology Insti-
tute NCBI) and Sanger Institute. Protein sequence align-
ment was performed using the AlignX program within the
Vector NTI Suite (InforMax, USA).
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Results and Discussion

Nucleotide and deduced amino acid sequences of CaKAR3
From the 10,000 C. albicans A genomic clones screened,
3 were identified, using Southern blotting, as containing
the putative KAR3 gene. The longest insert was subcloned
and completely sequenced (Fig. 2). Its deduced amino
acid sequence showed that the putative CaK4R3 gene
encodes a polypeptide of 687 amino acids, with 313 res-
idues extending from the N-terminal end of the contig6-
2474 ORF. As expected, a motor protein with the motor
domain located at the carboxyl terminus of the molecule
was found to exist.

To further verify the authenticity of the gene, RT-PCR
was performed using the primer located upstream of the
N-terminal end (S1 of Fig. 2) and the internal primers,
AS1, S2 and AS2, as shown in Fig. 2. Amplification with
the 3 combinations of sense and antisense primers, S1/
AS1, S1/AS2 and S2/AS2, gave rise to products with the
expected sizes (Fig. 3), and their nucleotide sequences
were in accordance with the genomic sequence (data not
shown).

It was suspected that the nucleotide sequence of
contigh-2474 in the C. albicans database might have
resulted from an improper link between the fragments
sequenced for the construction of the database, rather than
from the existence of a truncated version of the CaKAR3
gene. As mentioned above, no genomic PCR product was
generated when a 21 bp primer preceding the initiation
codon of the contig6-2474 (not included in Fig. 2, but
located one residue ahead of amino acid number 314 of
CaKAR3 ORF) and AS2 were used for the PCR. Subse-
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Fig. 3. RT-PCR of CaKAR3 transcript. Amplification with 3 com-
binations of sense and antisense primers, SI/AS1 (lane 1), S1/AS2
(lane 2) and S2/AS2 (lane 3), gave rise to products of 2100 bp, 1100
bp and 440 bp, respectively. See Fig. 2 for their positions and expected
sizes.
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quently, a contig harboring the sequence encoding an N-
terminal region, not included in the contigb-2474, was
sought. The contig6-1523 was found to have an OREF,
with 1-484 amino acid residues of Fig. 2, partially over-
lapping (171 residues) the K4R3 ORF in the middle of the
contig6-2474. Combining the two ORFs of contigs 6-
2474 and 6-1523 resulted in the complete KAR3 ORF of
the genomic clone, as shown in Fig. 2. Accordingly, our
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genomic clone seemed to complement the C-terminal end
of the contig6-1523 ORF. Thus, the putative KAR3 gene
of C. albicans was identified from genomic library
screening and RT-PCR.

Homology to KAR3-related fungal kinesins
In contrast to higher mammals, the number of kinesin is
rather smaller in single fungal species. The functions of
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Fig. 4. Sequence comparison of CaKAR3 with other fungal C-terminal motors. Sequence alignments of Candida albicans KAR3 (CaKAR3; this
study), S. cerevisicte KAR3 (ScKAR3: GenBank 1D; AY182242), S. pombe KAR3 (recently renamed SpoPki/; GenBank ID; U63916) and S. pombe
kip (Spkip; recently renamed SpoAC644.10; Genbank 1D; AL136235) were performed using the AlignX program within the Vector NTI suite (Info-
max, Bethesda, MD). ldeniical amino acids are shaded in black, and similar amino acids are shaded in gray.
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some fungal kinesins have been well defined by genetic
analyses (Hildebradt and Hoyt, 2000; Schelmann and Fis-
cher, 2600). A couple of fungal kinesins, which are C-ter-
minal motors and, hence, apparently related to CaKAR3,
have been registered in the database of the NCBL. In Fig.
4, their sequence alignment is depicted. CaK4AR3 shows a
high degree of homology to ScKAR3 and two KAR3-like
kinesin-like proteins of the fission yeast, Schizosaccharo-
myces pombe (Spkar3 and Spkip that are originally des-
ignated pklland kip2, respectively), mainly in the motor
domain, but is somewhat divergent in the non-motor
region. Compared with the most highly related ScKAR3,
the amino terminal region of 112 amino acids was unique,
with the middle part of 306 amino acids exhibiting 25%
identity and 44% similarity, while the remaining C-termi-
nal motor domain exhibited 64% identity and 78% sim-
ilarity. Despite the primary structural similarity, KAR3 or
KA4R3-like proteins of Saccharomyces species are differ-
ent in their behavior and function (Bascom-Slack and
Dawson, 1997; Troxelll et al., 2001), which is probably
attributable to the divergent amino terminal ends, and, for
this reason, it is premature to predict how CaKAR3 will
perform.
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