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ABSTRACT

Hyaluronan binding protein 1 (HABPL) is a negatively charged multifunctional mammalian protein with a unique
structural fold. Despite the fact that HABP1 possesses mitochondrial localization signal, it has also been localized to
other cellular compartments. Using indirect immunofluorescence, we examined the sub-cellular localization of HABPL
and its dynamics during mitosis. We wanted to determine whether it distributes in any distinctive manner after mitotic
nuclear envelope disassembly or is dispersed randomly throughout the cell. Our results reveal the golgi localization of
HABP1 and demonstrate its compl ete dispersion throughout the cell during mitosis. This distinctive distribution pattern
of HABP1 during mitosis resemblesits ligand hyaluronan, suggesting that in concert with each other the two molecules

play critical rolesin this dynamic process.
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INTRODUCTION

Hyaladherins, a family of proteins interacting with
hyaluronan (HA) [1], have long been attributed to nu-
merous cellular functions. One such hyaladherin, impli-
cated in cellular functions like adhesion and tumor inva-
sion [2], sperm maturity and moatility [3] and cellular sig-
nalling [4] isthe Hyauronan Binding Protein 1 (HABPL),
which is represented as synonyms of p32/C1QBP in hu-
man chromosome 17p12-13 (accession number
NP_001203). It isasialic acid containing glycoprotein
being synthesized as a pro-protein of 282 amino acids,
from which the first 73 amino acids are proteolytically
cleaved off to generate the mature protein of 209 amino
acids [5]. This protein is homologous to a splicing factor
associated protein p32 [5]. Utilizing approaches such as
cell fractionation and immunostaining, HABP1 has been
localized not only to cell-surface [6], but also to different
subcellular compartments like mitochondria [7] and the
nucleus [8]. Though, only a mitochondrial localization
signa iswell characterized in the precursor form [7], stud-
ies with the tagged mature protein revealed that it pre-
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dominantly localizes in the nucleus [9]. The ability of
HABP1 to interact with diverse range of proteins, coupled
with its multiple intracellular localization, led to the propo-
sition that HABP1 could beinvolved in cellular trafficking
pathway(s) connecting the nucleus, mitochondria and cy-
toplasm and the export pathway to the cell surface[9]. A
recent study from our laboratory has also shown that tran-
sient expression of HABP1 in mammalian cells aterstheir
morphology and induces cytoplasmic vacuoles formation
[10]. This study also highlighted that the orchestration of
“HA pool’ by hyaladherins might play a key role in regu-
lating the cellular functions of HA, as HA has long been
known to play a pivotal role in multiple cellular functions
[11, 12]. Studies have shown that HA-dependent pericel-
lular matrix formation is arapid process, occurring spe-
cifically as cells de-adhere during mitotic cell rounding and
during locomotion, indicating its involvement in regulat-
ing de-adhesion of cells from the substratum [12]. In addi-
tion to its presence in the extracellular matrix, growing
evidence indicate that HA is also present in the cytoplasm
and nuclei of cellsin anumber of tissues[13, 14]. Intracel-
lular HA has been speculated to be involved in nucleolar
function, chromosomal rearrangement or other eventsin
proliferating cells[15].

In light of the above-mentioned cellular functions of
HABP1 and HA, we extrapol ate the sub-cellular localiza-
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tion of endogenous HABPL to the golgi network, substan-
tiating its glycoprotein nature. We also report its dynamic
behaviour in asynchronous cultured cells undergoing natu-
ral mitotic process, which resemblesthat of itsligand HA.

MATERIALSAND METHODS
Céll culture

The origin-defective SV40-transformed green monkey kidney
cells (COS-1), obtained from National Center for Cell Science (Pune,
India) were grown in Dulbecco’ s modified Eagle’ smedium (DMEM)
supplemented with 10% heat-inactivated fetal calf serum, 100 pg/
ml penicillin and 100 pg/ml streptomycin (Invitrogen). For reasons
of simplicity, the DMEM supplemented with all the above compo-
nentswill henceforth be referred to as * complete medium’. The cul-
tures were maintained in a CO, incubator at 37°C in a humidified
environment containing 5% CO..

I mmunofluor escence studies for sub-cellular localization
of HABP1

Asynchronous cultures of COS-1 cells, grown on glass cover dips
werefixed in -20°C methanol for 15 min, air-dried and consequently
equilibrated in PBS (pH-7.4). Methanol fixation was performed as
it provides asingle step fixation and does not appear to induce arti-
facts when working with fluorescent probes and tags[16]. The cover
slips were pre-incubated in 1% BSA-PBS, followed by incubation
with rabbit anti-HABPL1 antibody (1:100 dilutionsin 1% BSA-PBS)
for 2 h at room temperature. The cover slips were washed thrice
with PBS and incubated for 1 h with Cy-3-conjugated secondary
antibody (sheep anti-rabbit 1gG, Sigma, 1:250 dilutionsin 1% BSA-
PBS). The cells were washed thrice with PBS and mounted in PBS
glycerol. Controls were carried out with an identical procedure, ex-
cept that the primary antibody was replaced with a pre-immune
serum.

Detection of Golgi

Golgi-marker Anti-HABP1

A
a

For the detection of golgi, the cover slips were incubated with
BODIPY FL C5-ceramide (Molecular Probes) for 15 min at 37°C,
following incubation with antibodies. The cover slips were washed
with PBS and mounted in PBS/glycerol.

Analysis of nuclear mor phology

For visualizing the nucleus following immunodetection, Hoechst
33342 (Sigma) was added along with the secondary antibody and
co-incubated for 1 h. The coverslips were washed thrice with PBS
and were either mounted in PBS/glycerol or processed for golgi
detection.

Microscopy and image analysis

COS-1 cells following immunodetection were analyzed using
fluorescence microscopy. The fluorescent cells were viewed with
an Axioscope microscope (Carl Zeiss, Germany) using suitable fil-
ter sets and imaged with the AxioCam camera system coupled to the
AxioVision software (Carl Zeiss, Germany).

RESULTSAND DISCUSSION

The sub-cellular localization profile of HABPL in COS-
1 cellsrevealsitslocalization in the Golgi complex (Fig.
1), apart from nucleus and cytoplasm, whereit has already
been reported. The superimposition of the
immunodetection of HABP1 with that of the golgi marker
clearly substantiates this observation. The datais concomi-
tant with the fact that HABPL is a glycosylated protein
and traverses the golgi membranes for post-translational
maodifications. The glycoprotein nature of HABPL has a-
ready been documented [6], but its sub-cellular localiza-
tion reported till date did not verify this. Thus, our obser-
vations have extended the sub-cellular localization of
HABP1 to another organelle, though the functional impli-

Hoechst Merged

Fig. 1 The localization of endogenous HABPL in the golgi of COS-1 cells. Asynchronous cultures of COS-1 cells, grown on glass
cover slips were used for the sub-cellular detection of endogenous HABPL. The image shows results for (A) anti-HABP1 antibody
and (B) pre-immune serum, with the field illuminated for BODIPY FL Cs-ceramide (Column 1), Cy-3 fluorescence (Column 2),
Hoechst fluorescence (Column 3) and a superposition of the three images (Column 4). The bar represents 10 um.
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Fig. 2 Distribution of endogenous HABPL during different mitotic
stages of COS-1 cells by indirect immunofluorescence. Asynchro-
nous cultures of COS-1 cells, undergoing natural mitosis were pro-
cessed and immunodetected for endogenous HABPL, as described
in Fig. 1. Each row of photograph contains the same field illumi-
nated for Cy-3 fluorescence (Column 1), Hoechst fluorescence
(Column 2), and a superposition of the two images (Column 3). The
figure shows (A) interphase; (B) prophase; (C) metaphase; (D)
anaphase; (E) telophase; (F) two separating cells. The bar repre-
sents 15 pm.

cation of its glycoprotein nature needs to be elucidated.
To obtain an insight into the cellular functions of HABPL,
we made an attempt to explore its dynamics in asynchro-
nously growing COS-1 cells undergoing natural mitosis.
The distribution profile of HABP1 during different mi-
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totic stages of COS-1 cells was corraborated with Hoechst
staining of the DNA (Fig. 2, Column 1, 2). Theimages are
presented in mitotic order, with acell in interphase at the
top, two separating cells at the bottom, and the intermedi-
ate stages between the two. During interphase, HABP1
localizes in the nucleus and the golgi-network with inter-
spersed dots in the cytoplasm representing mitochondria
(Fig. 2A). The cells containing condensed chromatin, a
characteristics of prophase, showed HABPL being dis-
persed throughout the cell. This perception is reinforced
when the two images are overlaid (Fig. 2B). Later, in
metaphase (Fig. 2C), HABP1 disperses throughout the cell
but is virtually excluded from the metaphase plate. Along
anaphase, tel ophase and separating daughter cells, HABP1
staining was strong and appeared to be diffused through-
out the cell, extending into the space between separating
chromosomes but continued to be excluded from the vol-
ume occupied by DNA (Fig. 2D, E, F).

The dispersion pattern of HABP1 during mitosisissimi-
lar to most proteins of golgi-membrane and nucleus[17,
18]. Most interestingly however, the distribution pattern
and retention of HABP1 during different stages of mitosis
resemble that of its primary ligand, HA [15]. Keeping in
view the distribution profile of HA during mitosis, it has
been previously postulated that HA may be involved in
chromosome condensation, possibly through interactions
with lamins [15]. The ability of HA to regulate cell-cell
and cell-substrate adhesion [19] combined with its water
retention property indicatesits functional implication dur-
ing mitosis. Though the similarity between distribution
patterns of HA and HABPL during mitosis has not yet been
established, such co-distribution may regulate chromo-
somal organization, presumably through interactions with
histones, lamins or lamin binding proteins. In this
connection, it is especialy important to recall that HABP1
has already been shown to interact with the lamin B re-
ceptor (LBR), anuclear protein [20]. During interphase,
LBR forms a complex with the participation of lamin A
and B, a specific LBR kinase and three other proteins, one
of which was later identified as HABP1/p32 [21]. In this
perspective, the interaction of HABP1 with LBR may also
facilitate the process of chromosomal organization during
mitosis. Cdc37 is a protein, which has been characterized
as a hyaladherin in chicken and as an essential cell cycle
regulatory protein in yeast and Drosophila [22]. The role
of HABPL in cell-adhesion iswell established and in com-
bination with HA, it might facilitate the process of adhe-
sion and de-adhesion during mitotic stages. In brief, this
study extends the sub-cellular localization of HABPL to
the golgi network and revealsits distribution pattern dur-
ing mitosis. The pattern of distribution and retention of
HABP1 during mitosis resembles that of its ligand HA,
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suggesting that in concert with each other the two mol-
ecules play critical rolesin this dynamic process.
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