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Abstract

In the last 10 years, Aurora kinases have emerged as the key proteins regulating many events during cell mitosis. Despite the
wealth of studies on human Aurora A and B, little is known about human Aurora C. Here we report a novel splicing variant of
Aurora C, named as Aurora C-SV (Aurora C splicing variant), which encodes a 290-amino-acid protein. By RT-PCR analysis
in various tissues, Aurora C-SV, like Aurora C, was found to be expressed at the highest level in human testis. The in vitro kinase
assay showed that this Aurora C-SV phosphorylated MBP, and its T179A mutant lost the kinase activity. During cell mitosis, Aur-
ora C-SV-EGFP associated with chromosomes in prophase and metaphase, and then transferred to the central spindle midzone and
the cortex where the contract ring formed during the transition from anaphase to telophase. It then remained in the midbody during
cytokinesis. Therefore, we speculated that Aurora C-SV might also contribute to the regulation of chromosome segregation and
cytokinesis.
� 2005 Elsevier Inc. All rights reserved.
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The proliferation of life relies on cell mitosis and mei-
osis. During these important processes, double-helix
DNA is precisely replicated and then symmetrically seg-
regated into two nascent daughter cells. To ensure geno-
mic stability, accurate chromosome duplication and
correct spindle dynamics are essential. These highly
complex processes depend on precise regulation and
control.

Reversible protein phosphorylation plays a key role
in cell cycle control. The dynamic balance between phos-
phorylation and dephosphorylation of a series of pro-
tein kinases can either switch some mitotic events on
or turn them off [1]. One class of the best-known kinase
is cyclin-dependent kinase (Cdk) [2,3]. In addition, some
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other protein kinases are also known to be involved in
many regulative systems, including the polo-like kinase
(PLK) [4,5], the never in mitosis A family (NimA) [6],
the Bub1 family [7,8], and the Aurora family.

The original Aurora allele, named as Increase-in-ploi-
dy1 (Ipl1), was identified in a screen for mutants that
were defective in chromosome segregation in Saccharo-

myces cerevisiae [9]. Investigation in the past ten years
has resulted in the discovery of many Aurora homo-
logues in different model organisms. In Homo sapiens,
there are three types of Aurora kinases (Aurora A, B,
and C) which have a highly conserved catalytic C-termi-
nal domain, and an N-terminal domain that is variant in
size. Despite the obvious sequence and structural simi-
larity, human Aurora A and B have distinct spatially
and temporally regulated functions.

In somatic cells, Aurora A functions as an important
regulator of centrosome maturation, assembly, and
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maintenance of a bipolar spindle and chromosome seg-
regation [10]. Both the quantity and the kinase activity
of Aurora A peak in mitosis [11]. The activity of human
Aurora A requires the phosphorylation of its residue
T288 in the activation loop [12]. Other molecules such
as TPX2 (target protein for XKLP2) and p53 can regu-
late Aurora A by direct binding to distinct regions of
Aurora A, in positive and negative ways, respectively
[13–15]. Aurora B is responsible for chromosomal segre-
gation and cytokinesis [16]. Its protein quantity and ki-
nase activity are also at their peak in mitosis, but later
than Aurora A [17]. In vivo, Aurora B together with
Survivin and INCENP (inner centromere protein) form
a chromosomal passenger complex, which plays an
important role in regulating chromosomal segregation
and cytokinesis. Once the complex is destroyed by dele-
tion of any one of the three members, cells cannot com-
plete normal mitosis, resulting in multinucleation [18].

Aurora C was first identified in a study of the general
kinase expression profile in mouse sperm and eggs [19],
and in a screen of human placental and testis cDNA li-
brary [20]. It is expressed at the highest level in the mam-
malian testis [19–21]. Its gene maps to chromosome
19q13.43 [21], a known region that shows deletion or
rearrangement in some cancer cell genomes [22], and
its protein product also shows overexpression in certain
cancer cell lines [21] and primary colorectal cancers [23].
Aurora C protein level is low during S phase and peaks
in G2/M phase, indicating its role in regulation of cell
mitosis. In the earlier study Aurora C appeared at cen-
trosomes in anaphase and persisted there until cytokine-
sis [21]. Recently, however, it has been revealed that
subcellular localization of Aurora C was exactly the
same as that of Aurora B, proving it to be a novel chro-
mosomal passenger protein that cooperated with Aur-
ora B to regulate mitotic chromosome dynamics in
mammalian cells [24].

When Aurora C was amplified from human testis
cDNA library, we accidentally obtained two Aurora C
cDNAs. After sequencing, we found that one is similar
to a cDNA sequence of Aurora C previously reported
(GenBank Accession No. AF054621), but the other is
a distinct splicing variant encoding an N-terminal short-
ened protein. We named this novel splicing variant Aur-
ora C-SV. Through RT-PCR in 18 tissues, we found
that Aurora C-SV, like Aurora C, was expressed the
most in testis. The in vitro kinase assay showed that
His-Aurora C-SV was able to phosphorylate MBP as
Aurora A, B, and C. In order to characterize the subcel-
lular localization of Aurora C and Aurora C-SV, we
transiently transfected HeLa cells with these two kinases
fused with EGFP. Aurora C and its novel splicing vari-
ant were also shown, during mitosis, to have a chromo-
somal localization during prophase and metaphase, to
move to the spindle midzone when the sister chromatids
start to separate, to subsequently relocate to the cortex
of the contractile ring during telophase, and to remain
in the midbody during cytokinesis. Judging from the
consistent distribution during cell division, we suggest
that this novel Aurora C-SV also contributes to chromo-
some segregation and cytokinesis, independent from its
absent N-terminal regions.
Materials and methods

Cloning and sequencing of two Aurora C cDNAs. Two primers (FP:
5 0-GGAAGTACCTCTCTGAGCGGTTG-3 0 and RP: 5 0-TCAGGAA
GCCATCTGAGCACAG-30) were designed to amplify Aurora C
from the human testis cDNA library. PCR was performed using the
PCR kit (Shenergy, China) for 34 cycles at 94 �C (60 s), 63 �C (60 s),
and 72 �C (60 s). The products were separated by DNA electrophoresis
in 1% (w/v) agarose gel, then cut out and purified with DNA purifi-
cation kit (Sunbiotech, China). Each band was subcloned into
pMD18-T vector (TaKaRa, Japan) and sequenced. The novel se-
quence data have been deposited with the EMBL/GenBank Data
Libraries under Accession No. AY661554.

Tissue distribution of Aurora C-SV and Aurora C. Human MTC
(multiple-tissue cDNA) panels (Clontech, USA) including bone mar-
row, stomach, bladder, lung, placenta, pancreas, heart, spleen, liver,
thymus, testis, intestine, uterus, ovary, brain, skeleton muscle, and
prostate served as templates to study the distribution of human Aurora
C-SV and Aurora C mRNA with the same primers FP and RP as
above. b-Macroglobin (b-MG) 5 0 sense primer (5 0ATGAGTATGCCT
GCCGTGTGAAC3 0) and 3 0 antisense primer (5 0TGTGGAGCAACC
TGCTCAGATAC3 0) were used to amplify a 290 bp amplicon of
C-terminal of b-MG, which served as the internal control. Products
were separated by DNA electrophoresis in 1% (w/v) agarose gel.

Plasmid construction and mutagenesis. For the bacterial expression
of the fusion proteins, the Aurora A, Aurora C, and Aurora C-SV
cDNAs were subcloned in-frame with His tag into the pET32a(+)
(Amersham Biosciences, UK) and the Aurora B cDNA was inserted
into pGEX4T-1 (Amersham Biosciences). To investigate subcellular
localization, Aurora C and Aurora C-SV cDNAs were introduced into
the pEGFP-N1 vector (Clontech). The enhanced green fluorescent
protein (EGFP) sequence is located at the 3 0 end of the kinase se-
quence. T179A mutant of Aurora C-SV was obtained by site-directed
mutagenesis using the QuikChange site-directed mutagenesis kit
(Stratagene, USA) according to manufacturer�s instructions.

Preparation of recombinant proteins. The recombinant His- or
glutathione S-transferase (GST)-tagged kinases were expressed in
Escherichia coli strain BL21-CodonPlus(DE3)-RIL with 0.5 mM iso-
propyl-b-DD-thiogalactopyranoside (IPTG) at 25 �C after overnight or
3 h induction, respectively. Cells were collected and lysed in the buffer
containing 50 mM NaH2PO4 (pH 8.0), 300 mM NaCl, 10 mM imid-
azole or the PBS buffer (pH 7.0), respectively, supplemented with 1%
Triton X-100, 10 mM b-mercaptoethanol, 0.5 mMPMSF, and 1 mg/ml
lysozyme. After incubation on ice for 30 min, the samples were cen-
trifuged and the supernatants were purified using Ni–NTA His-bind
Resins (Novagen, USA) or Glutathione–Sepharose 4B (Amersham
Biosciences), respectively, as recommended by the manufacturers.

Western blotting. Recombinant proteins were resolved by 12%
SDS–PAGE and then transferred to nitrocellulose membranes, and
these were incubated with antibodies against the Aurora A (goat anti-
aik1, Santa Cruz, USA), Aurora B (monoclonal anti-AIM1, BD,
USA), and Aurora C (rabbit anti-Aurora C C-terminal, Abgent,
USA), followed by horseradish peroxidase-conjugated rabbit anti-
goat, anti-mouse, and goat anti-rabbit antibodies, respectively.

In vitro kinase assay. Reaction mixture (20 ll) containing enzymes,
3 lg of myelin basic protein (MBP) as the substrate, 5 lM ATP, and
10 lCi [c-32P]ATP in kinase buffer (500 mM Hepes, pH 7.4, 10 mM
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MgCl2, 10 mM MnCl2, 1 mM EGTA, 1 mM DTT, and 5 mM
b-glycerophosphate) was incubated at 30 �C for 30 min. Samples were
separated by 12% SDS–PAGE and visualized using Coomassie bril-
liant blue staining. The gels were dried and subjected to
autoradiography.

Cell culture and transfection. HeLa cells were cultivated in Dul-
becco�s modified Eagle�s medium (Gibco, USA) supplemented with
10% fetal calf serum (Invitrogen, USA) at 37 �C in 5% CO2-humidified
atmosphere. 1.2 · 105 cells were seeded on coverslips in 35 mm dishes.
After overnight growth cells were 80% confluent and transfected with
1 lg plasmid EGFP-N1-Aurora C or Aurora C- SV using Lipofect-
amine Reagent (Invitrogen) in the non-serum medium. After 5 h of
incubation the medium was replaced with fresh complete medium, and
cells were cultured for an additional 35 h before collection.

Fluorescence microscope. Cells grown on coverslips were fixed in
pre-iced 3.7% formaldehyde/PBS (pH 7.0) for 10 min. After being
washed with PBS for three times, cells were counterstained with 1 lg/ll
of 4,6-diamidino-2-phenylindole (DAPI) at 37 �C for 20 min. Images
were acquired using a LEICA DC 500 camera on a microscope
equipped with LEICA DMRA2 fluorescent optics (LEICA, Germany).
Fig. 2. Nucleotide and deduced amino acid sequences of human
Aurora C-SV cDNA. This novel cDNA encodes a 290-amino acid
protein. PCR primers are underlined. Nucleotide numbers are shown
at the left of each line. These sequences are available from GenBank
Database under GenBank Accession No. AY661554.
Results

Molecular cloning of a human Aurora C splicing variant

Through PCR from the human testis cDNA library
with the primers FP and RP, two different amplicons
(1 and 2) of Aurora C were obtained at the same time
(Fig. 1). After sequencing, we found that cDNA of
amplicon 1 is 1170 bp and amplicon 2 is 978 bp. Online
BLAST research (http://www.ncbi.nlm.nih.gov/blast)
gave the result that the amplicon 1 sequence is similar
to a mRNA sequence of Aurora C (GenBank Accession
No. AF054621), but the former is just 54 bp more than
the latter at the start of the 5 0 terminal of exon 1. Since
the rest of their mRNA sequences are identical, they
have the same ORF. Sequence of Amplicon 2 (GenBank
Accession No. AY661554) represents a novel splice var-
iant of Aurora C (Aurora C-SV). The cDNA and amino
acid sequences of Aurora C-SV are displayed in Fig. 2.
Aurora C-SV cDNA encodes a putative 290 amino acid
protein with a calculated molecular mass of 33.7 kDa.

Compared with Aurora C, the spicing model of Aur-
ora C-SV only differs at one site, the 5 0 splice site of
intron 1 (Fig. 3). The 5 0 splice site of intron 1 of Aurora
C-SV lies just within the exon 1 of Aurora C. As a result,
Fig. 1. Two amplicons of Aurora C amplified from human testis
cDNA library. PCR amplification with the primers FP and RP using
the human testis cDNA library as the template. Two different
amplicons (1 and 2) of Aurora C were obtained. Amplicon 1 is
1170 bp and Amplicon 2 is 978 bp.
the exon 1 of Aurora C-SV is, in its 3 0 terminal, 192 nt
shorter than that of Aurora C, and then 19 amino acids
are absent in the N-terminal of Aurora C-SV. The rest
of the 6 exons of Aurora C-SV are exactly the same as
those of Aurora C, and except for the absent 19 amino
acids, the amino acid sequence of Aurora C-SV is con-
sistent with that of Aurora C.

Analysis of conserved subdomains of Aurora C-SV

with other human Aurora family members

Alignment of amino acid sequences among Aurora
A, Aurora B, Aurora C, and Aurora C-SV using
BioEdit sequence alignment software showed that the
novel Aurora C-SV contains all the residues critical
for protein kinase activity [25] and 11 known conserved
subdomains in the catalytic kinase domain [26] (Fig. 4).
By the analysis of NCBI-BLASTp (http://www.ncbi.
nlm.nih.gov/blast/bl2seq/bl2.html), we found that the
C-terminal catalytic domain of Aurora C-SV, which is
equal to that of Aurora C, shares 84% identities and
91% positives with Aurora B, and 71% identities and
84% positives with Aurora A. In the activation loop,
the threonine 288 of Aurora A [12], threonine 232 of
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Fig. 3. Schematic illustration of the alternative splicing of Aurora C pre-mRNA. Exons 1–7 are shown as filled boxes. Two different splicing variants
(Aurora C and Aurora C-SV) identified in this work are shown. The exon 1 of Aurora C-SV is 192 nt shorter than that of Aurora C. Start codons are
indicated by asterisks and stop codons by triangles. Two mature mRNAs differ in the 5 0 terminal and the protein product of Aurora C-SV is 19 aa
less than Aurora C.

Fig. 4. Amino acid sequence alignment of human Aurora A, B, C, and C-SV. The sequences were aligned by Clustal X [27] with manual editing. The
consensus sequence was calculated using BioEdit tool [28]. The identical sequences are boxed in black and the similar are in gray. The lower-case
letters: invariant residues. #, conserved nonpolar residues; $, conserved polar and noncharged residues; +, conserved polar and charged residues.
Eleven conserved subdomains of human Aurora kinase family are indicated by roman numbers. Amino acid numbers are shown at the left and right
of each line. The KEN motif, absent in both Aurora C and C-SV, is boxed.
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Fig. 6. In vitro kinase assay of His-Aurora C-SV and its T179A
mutant. (A) The kinase activity of all human Aurora homologues.
Kinase activity was measured in in vitro kinase assays with MBP as an
exogenous substrate. MBP (3 lg) and fusion proteins (about 0.1 lg):
His-Aurora A, GST-Aurora B, His-Aurora C, and His-Aurora C-SV
were visualized by Coomassie blue staining (CBB). Four kinases were
determined by Western blotting using corresponding antibodies. (B)
The kinase activity of His-Aurora C-SV T179A mutant. MBP (3 lg)
and fusion proteins (about 0.5 lg): His-Aurora C-SV and its T179A
mutant were performed in the same condition described above.
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Aurora B [29], threonine 198 of Aurora C [24], and thre-
onine 179 of Aurora C-SV (see the result �Kinase activity
of Aurora C-SV and T179A mutant in vitro�) are all phos-
phorylated residues that contribute to the kinase activ-
ity. However, both Aurora C-SV and Aurora C have a
truncated N-terminal and lack a conserved motif
�KEN� that is present in Aurora A and B (Fig. 4). In
fact, their N-terminal domains share low identity in
length and sequence with other Aurora family members.

Expression pattern of Aurora C-SV

High expression levels of Aurora C in testis have been
identified in human and mouse by Northern blot analy-
ses. Here, by RT-PCR, we further observed the distribu-
tion of Aurora C-SV mRNA in commercially prepared
cDNAs of 18 human tissues. The primers FP and RP
that we used in cloning Aurora C-SV were reused for
the PCR amplification. Two amplicons (Fig. 5, the
upper band: Aurora C, the lower band: Aurora C-SV)
were strongly visualized again in the amplification prod-
uct from human testis, and the amount of Aurora C-SV
cDNA was much less than that of Aurora C. Except for
lung and placenta, which showed very faint positive
bands, neither the full-length mRNA of Aurora C-SV
nor that of Aurora C was detected in the other 15 tis-
sues. In all, Aurora C-SV expresses at the highest level
in human testis, consistent with Aurora C.

Kinase activities of Aurora C-SV and its T179A
mutant in vitro

To investigate whether Aurora C-SV indeed exhibits
kinase activity and determine the extent of this activity
in comparison with those of other four members of hu-
man Aurora kinases, the fusion proteins of His-Aurora
C-SV and other members of His-Aurora A, GST-Au-
rora B, and His-Aurora C were obtained from bacteria.
The in vitro kinase activities of these four proteins were
determined using MBP (myelin basic protein) as the sub-
strate. Fig. 6A shows that Aurora C-SV also has the
ability to phosphorylate MBP, which proves that Aur-
ora C-SV, which possesses complete kinase subdomains,
has the conserved kinase activity. Nevertheless, com-
Fig. 5. Expression patterns of human Aurora C-SV and Aurora C.
Both Aurora C-SV and Aurora C were found to be expressed at the
highest level in human testis. Other two tissues, lung and placenta,
seemed to express Aurora C and Aurora C-SV at a trace level.
pared with His-Aurora A, GST-Aurora B, and His-Au-
rora C, the band intensity of MBP phosphorylated by
His-Aurora C-SV was the weakest.

Next, we induced a point mutation at Thr179 (corre-
sponding to Thr198 in Aurora C) into Aurora C-SV.
Thr 179 is in the activation loop of the catalytic domain
between subdomains VII and VIII. Its equivalent resi-
dues in many other kinases including Aurora A, B, C,
cAMP dependent kinase, and Cdc2 [30] were frequently
reported to be critical to the kinase activity. Here we
found that His-Aurora C-SV T179A mutant had a dra-
matically decreased kinase activity (Fig. 6B) in the
kinase assay.

Subcellular localization of Aurora C and Aurora

C-SV in HeLa cells

To obtain the accurate localization of Aurora C and
Aurora C-SV in the process of mitosis, we transiently
expressed Aurora C-EGFP and Aurora C-SV-EGFP
in HeLa cells, respectively. Consistent with recent dis-
covery [24], we also found that Aurora C, as well as
Aurora C-SV, did not appear at the centrosomes, but
distributed in the condensed chromosomes during pro-
phase to metaphase. After entering anaphase, they
dissociated from separated chromosomes and redistrib-
uted to midzone microtubules, and finally they remained
in the midbody during cytokinesis (Fig. 7). All these re-
sults are exactly consistent with the subcellular localiza-
tion of Aurora B [29], which is known as a significant
chromosome passenger protein in mammalian cell mito-
sis, suggesting that the novel Aurora C-SV protein is
also involved in mitotic events such as chromosome seg-
regation and cytokinesis.



Fig. 7. Subcellular localization of Aurora C and Aurora C-SV. (A) Dynamic distribution of Aurora C-EGFP in HeLa cells. Aurora C (green)
distributed in condensed chromosomes in prophase and then metaphase. During anaphase, Aurora C dissociated from chromosomes and
redistributed to midzone microtubules. It subsequently relocated to the cortex of the contractile ring in telophase. During cytokinesis, just liked a
disc, it telescoped between the two daughter cells and then became smaller and smaller until it looked like two small, proximate dots. Cells were
counterstained with DAPI (blue). The scale bar represents 10 lm. (B) Dynamic distribution of Aurora C-SV-EGFP in HeLa cells. The subcellular
distribution of Aurora C-SV (green) was consistent with Aurora C. Cells were counterstained with DAPI (blue). The scale bar represents 10 lm.
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Discussion

In the past few years, initial reports on the sequences
of Aurora C differed from each other, especially within
the N-terminal [31]. Two groups that had investigated
on AIE2/AIK3 [19,21] reported the similar mRNA se-
quences of Aurora C (GenBank Accession Nos.
AF054621 and AB017332) whose open reading frame
encodes a 309-amino-acid protein kinase with a 39-resi-
due N-terminal region. By comparison, another group
[20] identified a longer mRNA of 1327 bp (GenBank
Accession No. AF059681) encoding a 275-amino-acid
protein with a shorter N-terminal. These mRNA splic-
ing models are mainly different in the 5 0 terminal regions
(Figs. 8A and B). In order to get the Aurora C cDNA
that encodes the 275-amino-acid kinase from human tes-
tis cDNA library, we designed a 23 bp-length oligonu-
cleotide within the exon 1 region of AF059681 but not
in that of AF054621 and AB017332 as the forward pri-
mer, and another that locates around the stop codon as
the reverse primer. Inconsistent with our expectation,
however, we acquired two different sequences (Figs.
8C and D). One sequence (amplicon 1 in this work) basi-
cally coincides with those of AF054621 and AB017332,
but has an extended exon 1 at 5 0 terminal. Another se-
quence (amplicon 2 in this work) we named as Aurora
C-SV is a novel sequence which has a longer intron 1,
because the new 5 0 splice site of intron 1 is 192 bp up-
stream of the old one. Therefore, the novel splicing loses
the original start codon, and the new ATG is at the junc-
tion of exon 1 and 2 since there is a stop codon TGA
9 bp upstream. The novel Aurora C-SV has an open
reading frame of 873 bp, encoding a putative 290-ami-
no-acid protein.

Studies on the evolution of alternative splicing tell us
there are five major forms of alternative splicing that
have been found to date. Exon skipping, also known
as cassette exon, accounts for 38% of the alternative
splicing events conserved between human and mouse
genomes. Alternative 5 0 and 3 0 splice sites account for
18% and 8% of the conserved events, respectively. In-
tron retention is responsible for 3% and other more
complex events account for the remaining 33% [32].
Obviously, the splicing model of Aurora C-SV belongs
to the alternative 5 0 splice site. Based on the opinion
in the review by Gil, some of the mutations that



Fig. 8. Different splice sites in the 5 0 terminal of Aurora C gene. The DNA sequences come from human genome and range from chr19: 62418099 to
chr19: 62419448. Exons are shaded and the start codons are boxed. Each arrow represents the start of exon 1 of each sequence, which is according to
the GenBank accession number and the result of this work. The primer that was used is underlined. (A,B) 5 0 terminal splice sites of the published
sequence AF054621/AB017332 and AF059681; (C,D) 5 0 terminal splice sites of the sequences we got from human testis cDNA library with FP and
RF described in the Materials and methods.
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accumulated in a new 5 0 splice site lead to activation of
this site and generation of a new transcript. If the newly
created splicing variant could acquire a new function
that presents an advantage to the organism or, at least,
it is not deleterious, it might be retained. This is a way of
enriching the transcriptome and enhancing the coding
capacity and regulatory versatility of the genome with
new isoforms.

In general, there is only a slight difference between
Aurora-SV and Aurora C in the sequence of non-cata-
lytic domain. Like Aurora C, Aurora-SV is expressed
at the highest level in human testis, possesses the ser-
ine/threonine kinase activity, and dynamically translo-
cates from chromosomes during prophase and
metaphase to midbody during cytokinesis in tumor cell
division. Although Aurora C-SV only occupies a minor
proportion of total Aurora C transcript, we still con-
sider that it may participate in sperm development and
can regulate cancer cell mitosis, probably as an isoform
of Aurora C.

Given the catalytic domain is exactly the same be-
tween Aurora C-SV and Aurora C, Aurora C-SV was
expected to show the kinase activity. The in vitro ki-
nase assay actually demonstrated this. However,
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compared with three other kinases in the same family,
it has a significantly decreased activity. The N-termi-
nal was reported to affect Aurora A in the APC/C
mediated degradation pathway which was not found
to be the case in Aurora B because it loses the A-
box within the N-terminal [33]. Recently, we found
that the N-terminal region affected the kinase activity
of Aurora A in vivo (unpublished data). From human
Aurora A to Aurora C-SV, the N-terminal becomes
shorter and shorter, and the kinase activity less and
less. Whether the shortened N-terminal is responsible
for the decrease of kinase activity requires further
investigation.

Three human Aurora homologues have typical sub-
cellular localizations and individual function in different
stages of cell mitosis. Although these three kinases are
highly conserved in the catalytic domain, the N-terminal
region varies a lot in both sequence and length. As a re-
sult, the question was raised as to whether or not Aur-
ora�s N-terminal sequence has a relationship with its
localization. In Xenopus egg extracts, the N-terminal
domain of pEg2 localized to the centrosomes in a micro-
tubule-dependent manner and overexpression of the
N-terminal inhibited bipolar spindle assembly [34].
Interestingly, the single catalytic domain could also
localize to the centrosome but in a microtubule-indepen-
dent manner. One speculation is that pEg2 kinase would
localize to the centrosome, with its N-terminal domain
directly binding to microtubules and the catalytic do-
main directly interacting with the substrates. If the
N-terminal were absent, pEg2 would be at the original
position through directly binding to the substrates inde-
pendently from microtubules. As for Aurora B, the
localization seems to be more complicated. In verte-
brates, each component of the chromosomal passenger
complex containing Aurora B, Survivin, INCENP, and
others was required for the proper localization of the
other members [35,36]. Both Survivin and INCENP
were responsible for targeting Aurora B at different
stages in mitosis to act on different substrates. Accord-
ing to the latest report [24], Aurora C had a different
N-terminal but the same localization with Aurora B.
Our findings are not only in excellent agreement with
this latest report, but we also proved that the novel Aur-
ora C-SV with only 20 residues in N-terminal also local-
ized and transferred in the same way as Aurora C during
mitosis in HeLa cells. Therefore, the signals of the local-
izations for Aurora kinases might, to some extent, come
from the binding to or interaction with the molecules
specific to each family member. Since Aurora C was re-
cently reported to be a novel chromosomal passenger
protein, other members in this large complex may also
facilitate the targeting and transferring of Aurora C.
One challenge of future work would be identification
of the factors that influence the cellular distribution of
Aurora C and Aurora C-SV.
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