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Abstract ATAD3 (ATPase family AAA Domain-containing
protein 3) is a mitochondrial membrane bound ATPase whose
function has not yet been discovered but its role is essential for
embryonic development. The ATAD3 gene has existed since
the pluri-cellular organisms with specialized tissues and has
remained unique until vertebrates. In primates and human, two
other genes have appeared (called ATAD3B and ATAD3C
versus ATAD3A the ancestral gene). ATAD3 knock-down in
different non-transformed cell lines is associated with drastic
changes in the mitochondrial network, inhibition of prolifera-
tion and modification of the functional interactions between
mitochondria and endoplasmic reticulum. However, the analy-
sis of the cellular properties of ATAD3A and ATAD3B in
different human cancer cell lines shows on the contrary that
they can present anti-proliferative and chemoresistant proper-
ties. ATAD3 may therefore be implicated in an unknown but
essential and growth-linked mitochondrial function existing
since pluri-cellular organization and involved in tumorigenesis.

Keywords ATAD?3 - Mitochondria - Inner membrane -
ATPase

Introduction

ATAD3 (ATPase family AAA Domain-containing protein 3)
is a mitochondrial membrane ATPase which was first discov-
ered in 2003 as a target gene of c-MYC (Zeller et al. 2003) and
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then as a protein of the mitochondrial inner membrane
(Da Cruz et al. 2003).

ATAD3 belongs to the very large family of the AAA-
ATPases (ATPases Associated with diverse cellular Activities).
This family includes proteins with ATPase activity involved in
many cellular processes such as transcription, replication,
translation, proteolysis, vesicular transport and many others
(Frickey and Lupas 2004). However, to date, the function of
ATAD3 has not yet been discovered although all studies con-
ducted so far reveal a very significant role. Indeed, its expres-
sion is ubiquitous, essential for embryogenesis, for the
structure of the mitochondrial network and for the functional
interactions between mitochondria and endoplasmic reticulum
(Kamath and Ahringer 2003; Hoffmann et al. 2009; Gilquin et
al. 2010a; Hubstenberger 2006). Therefore, ATAD3 partici-
pates in a vital mitochondrial function which remains to be
determined.

Phylogeny

Exploring the emergence of ATAD3 in the genomes, it
appears that no ortholog exists neither in yeast nor in pro-
karyotic organisms. A far ortholog is found in protists and
yeast but it is about a protease whose characteristic domain
is not present in ATAD3. The ATAD3 gene appears in higher
eukaryotic organisms: in plants (Arabidopsis thaliana), nem-
atodes (Caenorhabditis elegans), insects (Drosophila mela-
nogaster), monkey (macaque) and human (see Fig. 1). A
single copy of this gene is present in the haploid genomes of
these higher eukaryotic organisms except for primates. In
plants, the ATAD3 gene is present in three identical copies
by the simple consequence of polyploidy. In primates and
humans, ATAD3 was duplicated twice (contiguous duplica-
tions on chromosome 1 and mutations). As the ancestral form,
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__PROTISTES Cryptosporidium parvum Q5CYQ5
Apis mellifera ATAD3 XP_623729
Anopheles gambiae ATAD3 Q7PY83
Drosophila melanogaster ATAD3 Q9VEX6
Danio rerio ATAD3 QB6NZU8
Xenopus laevis ATAD3 Q58E76
Gallus gallus ATAD3 XP_417573
Rattus norvegicus ATAD3 Q3KREO
Mus musculus  ATAD3 Q92511
Homo sapiens ATAD3A Q96T67
Homo sapiens ATAD3B Q5ToA4
Homo sapiens ATAD3C Q5T2N8
Caenorhabditis briggsae ATAD3 A8XU00
—_—i_NEMATODES
Caenorhabditis elegans ATAD3 Q207481
| Arabidopsis thaliana ATAD3 QOLFK8
—| PLANTS Oryza sativa Japonica ATAD3 QeYv37
T YeAsT Saccharomyces cerevisiae YM1

Fig. 1 ATAD3 phylogenetic tree: A far homologue is found in protists (Cryptosporidium) but the protease associated function is not present in ATAD3.
From http://phylofacts.berkeley.edu/phyloscope or http://www.treefam.org/cgi-bin

one of the genes is called ATAD3A. The second gene is a very
close paralogue, named ATAD3B, and the third gene,
ATAD3C, presents an important deletion of the original coding
sequence of ATAD3A producing a large N-terminal truncation
(see Fig. 2).

These three genes are located side by side at the end of the
short arm of chromosome 1 at the 1p36.33 locus. Since a
single copy of the gene is present in chicken Gallus gallus,
beef Bos taurus, mouse Mus musculus, rat Rattus norvegicus,
dog Canis familiaris, cat Felis catus, pig Sus scrofa and
dolphin Tursiops truncatus, it appears that these duplications
occurred late in the species evolution, close to primates and
humans.

The ATAD3B gene is indeed very similar to ATAD3A: the
number of exons is identical (16) and the length of introns
varies very little. Regarding the coding sequence, the strict
identity of their protein sequences is 93% (see Fig. 2). The
highest difference between ATAD3A and ATAD3B is found
on the last exon, where a replacement mutation of the original
ATAD3AD Stop codon enables a 3'UTR sequence (not-trans-
lated in ATAD3A) to be translated in ATAD3B. For that
reason, ATAD3B has a C-terminal extension of 62 amino
acids compared to ATAD3A. This extension presents several
potential phosphorylation sites (http:/www.phosphosite.org)
and a putative transmembrane sequence (see Fig. 2—http://
www.enzim.hu/hmmtop). In addition, these two genes differ
in their promoter structure (see below).

As regards to the third gene, ATAD3C, it possesses only
the 12 last exons instead of the 16 of ATAD3A and ATAD3B.
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The exons encoding the first 70 amino acids of ATAD3A are
not translated in ATAD3C because the translational initiation
site is mutated, leaving the initiation to occur downstream
(+210). For the rest of its structure, ATAD3C processes a
87% identity compared to ATAD3A (see Fig. 2).

Finally, the genes coding ATAD3 seem to present
processes of differential excision-splicing about which
we will discuss later.

The ATAD3 protein sequence is then highly con-
served during evolution as reflected by the 39% identity
existing between the human ATAD3 protein and its
orthologue in plants. This strong conservation suggests
that in higher eukaryotes, the ATAD3 protein has been
involved in processes undergoing high selection pres-
sure. Confirming this presumption, it has been shown
that the invalidation of the ATAD3 ortholog in nema-
tode C. Elegans is lethal during early embryonic devel-
opment, at a stage where the massive mitochondrial
biosynthesis is necessary (Kamath and Ahringer 2003;
Hoffmann et al. 2009). Similarly, in drosophila, the
invalidation of ATAD3 inhibits embryonic development
at the pre-pupal stage (Gilquin et al. 2010a). We note
here that ATAD3 was detected in all cell models, or all
tissues studied to date (brain, heart, lung, liver, spleen,
intestine, muscle; personal data).

The presence and absence of two alternatively spliced
exons in ATAD3A and ATAD3B led others and us to define
a nomenclature based on the respective protein sizes namely s
for small and [ for long (description on http://www.ensembl.
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org/Homo sapiens/Gene/Summary?g=ENSG00000197785
for ATAD3A and http://www.ensembl.org/Homo_sapiens/
Gene/Summary?g=ENSG00000160072 for ATAD3B).

Proprieties in silico

The ATAD3 primary sequence allows us to distinguish two
major functional areas corresponding to the two halves, the N-
and the C-terminals of the protein (see Fig. 2). The C-terminal
part of the protein constitutes the ATPase domain in which we
can find the key motives involved in the binding and hydro-
lysis of ATP: sensor 1, sensor 2, arginine finger (Arg), Walker
A (WA) and Walker B (WB) sites (Fig. 2 and (Frickey and
Lupas 2004)). We note here that ATAD3 possesses the spe-
cific DEAD motif of the Walker B site (a.a. 411-414 for
ATAD3As), specific for the RNA helicases subfamily. How-
ever, comparison of the ATAD3 with RNA helicases shows
that this similarity is limited to the DEAD motif.

The N-terminal specific region of ATAD3 constitutes the
specific domain of ATAD3. It contains one or some trans-
membrane domain(s) (some software finds up to three, Fig. 2
and (Hubstenberger et al. 2010)), a flexible region rich in
proline (a.a 18-27 on ATAD3As), and a Coiled-coil region
(a.a. 80220 for ATAD3As) offering an interaction zone
which could be important for the oligomerization of ATAD3
monomers and / or for interaction with partners (Gilquin et al.
2010a). We also know that the members of AAA-ATPases
family, whose structure has already been clarified, form hex-
amers arranged in rings (Frickey and Lupas 2004).

We note also the presence of a glutamine-rich domain
(Q domain a.a 89-166 for ATAD3As), conserved since
Drosophila, but whose function remains unknown.

According to the in silico analysis of the primary
sequence, none of the ATAD3A/B/C isoforms have mito-
chondrial addressing signal known by «cleavable N-terminal
extremity» type. The targerting of ATAD3 to the mitochondria
depends on a large central sequence including the major
transmembrane sequence (Gilquin et al. 2010a; Hubsten-
berger 2006).

As regards to the predictable post-translational modifica-
tions, it is possible to detect several putative phosphorylation
sites for PKC, PKA, GSK3, cdc2 CKI, CKII, DNAPK, RSK,
CdkS5, PKG and p38MAPK INSR (NetPhosK 1.0 server). It
was also detected two N6-acetyl-lysine in position 490 and
512 in the mouse ATAD3 protein (http://www.uniprot.org/
uniprot/Q925I1).

We finally emphasize on the fact that splicing variants of
ATAD3 exist for ATAD3A and ATAD3B genes (ATAD3Al/s
and ATAD3BJI/s). These variants present two additional exons
encoding a potential transmembrane sequence of hydrophobic
alpha helix type present at the N-terminus (a.a 101-120 for
ATAD3Al, Figs. 2 and 3).

Cellular localization and membrane topology

The mitochondrial localization of ATAD3 was first shown by
a proteomic approach of the mouse liver mitochondrial inner
membrane (Da Cruz et al. 2003). This result was then con-
firmed by immunofluorescence in HeLa cells (Schaffrik et al.
2006). Different biochemistry approaches were then used and
showed that ATAD3 is strongly anchored to the mitochondrial
inner membrane (Gilquin et al. 2010a; Hubstenberger 2006;
He et al. 2007). Furthermore, it was shown that ATAD3 was
found in a large multi-molecular complex associated with
mitochondrial DNA (Wang and Bogenhagen 2006). He and
his colleagues also showed that ATAD3 could interact with
the mitochondrial DNA by its N-terminal (He et al. 2007).
However, further analysis by chemical cross-linking showed
that this interaction could be at long distance and could not
involve the N-terminal (Bogenhagen et al. 2008). We ob-
served as others that like outer membrane or inter-membrane
space proteins, the N-terminal of ATAD?3 is sensitive to tryp-
sin attack in the context of the isolated mitochondria. The
C-terminus which remains resistant to trypsin is thus probably
in the matrix (Gilquin et al. 2010a; Bogenhagen et al. 2008).
This shows that the N-terminal of ATAD3 is very probably not
located in the mitochondria matrix (Fig. 3).

In order to clarify this problem, we carried out a back-
titration ELISA and an immunofluorescence analysis on
isolated human mitochondria (Hubstenberger et al. 2010).
These experiments showed that the N-terminal part of
ATAD?3 is accessible to antibodies while the C-terminus is
not. These experiments confirmed that the N-terminus is
exposed to the outside of the mitochondrial inner mem-
brane, either in the inter-membrane space, in the outer
membrane or in the cytosol. The C-terminus is located in
the matrix (Fig. 3) (Hubstenberger et al. 2010). The follow-
ing work is now to determine the precise location of the N-
terminal part of ATAD3. In fact, trypsin permeabilizing
effects and low doses of detergent used do not enable one
to unambiguously distinguish the three possible locations
(cytosol, inter-membrane space or outer membrane). Recent
experiments suggest that the N-terminus (a.a. 1-50 for
ATAD3As) is embedded in the outer membrane and confirm
that the C-terminus is located in the matrix (Gilquin et al.
2010a). The membrane insertion of the N-terminus of ATA-
D3As may also exist for ATAD3Al and ATAD3BI, which
contain this N-terminal part of 50 amino acids but not for
ATAD3Bs which does not contain this sequence.

The problem is more complex if we consider the splicing
variants of ATAD3A and ATAD3B (Hubstenberger et al.
2008). ATAD3Al and ATAD3Bs possess also an additional
structural domain likely to form a transmembrane alpha
helix (Fig. 2). This segment could allow the protein to join
the cytosol or to cross again the inner membrane, and
presents moreover phosphorylation sites (Fig. 3).
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We finally note that ATAD3Bs/1, unlike ATAD3As/l, pos-
sess a potential transmembrane sequence at its C-terminus
which could contribute to bring back the protein in the inter-
membrane space (Fig. 3).

However, we cannot exclude that these hydrophobic
regions with transmembrane potential play a role in ATAD3
homo-polymerization, in interaction with partners or in the
mechanisms of membrane insertion of ATAD3, without
constituting in fine a transmembrane domain. Electron mi-
croscopy seems to be now an inescapable step to achieve
this goal.

A more precise knowledge of the membrane topology of
ATAD3 and of its variants seems now necessary to the
pursuit of other investigations, particularly as regards to
the search of partners.

ATAD3 expression in human

In primates and humans, the ancestral form of ATAD3 gene,
named ATAD3A, has been duplicated and mutated twice to
generate two paralogues named ATAD3B and ATAD3C.
These three genes are located side by side at the end of
chromosome 1 (locus 1p36.33).

As discussed above, the ATAD3B gene is very similar to
ATAD3A (93% homology compared to ATAD3As). How-
ever, ATAD3B has a C-terminal extended to 62 amino acids
where are mainly found potential phosphorylation sites and
a presumed transmembrane domain (http://www.enzim.hu/
hmmtop/, Figs. 2 and 3). The protein ATAD3C (87% ho-
mology with ATAD3As) lacks the first 70 a.a causing the
loss of the coiled-coil structure. ATAD3C differs also in the
last exon, giving it new potential phosphorylation sites.
These three proteins could thus contribute to a common
function presenting specificity in functioning (cellular local-
ization, tissue expression, regulation, partners...).

The most notable observation concerns the promoters
of these genes (http://www.bimas.cit.nih.gov). The puta-
tive promoter of the ancestral gene, ATAD3A, contains
numerous regulatory elements linked to cell growth,
such as C/EBP (CCAAT / enhancer binding protein,
two binding sites), CBF/IRP/CREB (Core Binding Factor and
Iron Regulatory Protein and cAMP Response Element Binding
protein, 2 sites), GATA-1 (3 sites), Oct-1 (OCTAM-binding
Protein, 1 site), and TFIID (1 site). The promoter of ATAD3B
gene contains these same sites (CREB, GATA-1, Oct-1, and
TFIID) and in addition, contains 5 Pitl binding domains, two
Myc-binding domains and a myogenin binding domain. The
transcription factor Pit1 (growth hormone factor 1) is expressed
during embryogenesis and in the adult (Simmons et al. 1990)
and myogenin is also expressed during embryogenesis
(Sassoon et al. 1989; Hinterberger et al. 1991; Pownall et
al. 2002). Hence, these two factors could contribute to the
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Fig. 2 Alignment of human ATAD3A/3B/3C isoforms and structural
areas (identity * and homology : ). The ATPase region is represented
by the light grey box (Walker sites dotted squared). The coiled-coil
region is represented by the dark grey box. The three putative trans-
membrane domains are squared in black and numbered. The proline-
rich region and the glutamine-rich region are squared in grey. From
http://www.ebi.ac.uk/Tools/es/cgi-bin/clustalw2

specific expression of ATAD3Bl/s in embryonic tissues,
particularly in muscle tissue.

We have shown that the relative expression of these
genes varies significantly in humans (Hubstenberger et al.
2008). The ATAD3A gene is expressed ubiquitously, partic-
ularly in the brain. On the contrary, ATAD3B gene is not
expressed in the adult brain, but expressed in human astro-
cytoma cell lines, in embryonic tissues and in the pituitary
gland, an adult brain germinal zone (Hubstenberger et al.
2008; Schaffrik et al. 2006; He et al. 2007). It seems therefore
that the ATAD3B gene is expressed in the tissues with high
proliferative potential (embryo and adult germinal zones).

As regard to ATAD3C expression, no experimental data
exits currently.

ATAD3 and cancers

Several articles have highlighted the link which exists be-
tween the ATAD3 expression and tumor progression [8, 9,
24, 27, 29 and Fig. 4]. In all studied cases, the tumor
progression is associated with the ATAD3As or ATAD3BI
overexpression and with an increased resistance to apoptosis
(chemoresistance).

The chromosomal localization of the three human genes
ATAD3A, ATAD3B and ATAD3C (1p36-33) drew our atten-
tion because this region is known for many years to contain
chemoresistance and tumor suppressor genes. Indeed, this
chromosomal region could enable the discrimination of the
two major glioma sub-types which are astrocytoma and oli-
godendroglioma (Smith et al. 1999). Oligodendroglioma
presents a recurrent deletion of the short arm of chromosome
1 (1p), whereas astrocytoma do not have this genetic signa-
ture. Oligodendroglioma tumors are relatively benign, that is
to say not too aggressive and chemosensitive, while astrocy-
tomas are instead highly evolutive and chemoresistant glioma.
It was then interesting to see if ATAD3A and ATAD3B genes
could behave as anti-oncogenes or genes inducing chemo-
resistance in oligodendroglioma cells. To do this, we studied
the expression of ATAD3As and ATAD3BI and their over-
and under-expression in oligodendroglial cell lines in order to
measure the anti-proliferative and chemoresistance properties
of ATAD3 (Hubstenberger et al. 2008).

We first noticed that ATAD3BI was undetectable in cell
lines derived from oligodendroglioma, whereas ATAD3As
was slightly under-expressed, compared to cell lines derived
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Fig. 3 Models for membrane insertion of ATAD3 variants. According
to current data, the ATPase part of ATAD3 is located in the mitochon-
drial matrix. For ATAD3As (s for small), which could have two helices
or more, the N-terminal part is either in the cytosol or in the intermem-
brane space. For ATAD3AI (1 for long) which clearly contains a second
transmembrane helix (from a differential splicing), the N-terminal is
either in the cytosol or returns in the matrix. For ATAD3B, the case is
similar to ATAD3A except that the C-terminus could return to the
intermembrane space. Finally, ATAD3C has probably the N-terminal

from astrocytoma. We showed that in an oligodendroglioma
cell line (HS683), in addition to the 1p deletion (1pLOH),
the second ATAD3B gene had disappeared by deletion,
leaving only one ATAD3A copy from the 4 initial
ATAD3A/B genes. This triple gene loss could be the genetic
signature of the selective deletion of a tumor suppressor
gene (heterozygosity loss).

Since ATAD3BI is detectable in cell lines derived from
astrocytoma but not in those derived from oligodendro-
glioma, it is now interesting to explore the expression of
ATAD3BI in biopsies of human glial tumors in order to see
if ATAD3BI could be a positive marker of astrocytoma
compared to oligodendroglioma and healthy tissue adjacent
to surgical resection or conversely a negative marker for
oligodendroglioma against astrocytoma.

In vitro ectopic expression of ATAD3As and ATAD3BI
in cells derived from oligodendrogliomas induced also a
notable inhibition of cell growth by increasing the duration
of G1 phase of cell cycle) (Fig. 4, (Hubstenberger et al.
2008)). This observation suggests also that ATAD3 has the
properties of an anti-oncogene in this model. Confirming
this finding, a proliferative effect is observed by under-
expression of ATAD3 with SiIRNA in U373 cells, a cell line
derived from astrocytoma. However, this observation may
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part in the intermembrane space. The transmembrane sequences (num-
bered as in Fig. 3) in hatched correspond to sequences identified by all
predictive softwares (DAS, TOPpred, TMpred and HMMTOP). The
transmembrane sequences with dots (numbered as in Fig. 3) corre-
spond to sequences identified by one or two predictive softwares
(TMpred and HMMTOP). These last zones of hydrophobicity could
correspond to transitory forms of membrane insertion. Major phos-
phorylation sites are indicated by P1 and P2

not be generalized because in the GHD-1 cells, cell line
derived from carcinoma of the hypopharynx, the transfec-
tion of SIRNA induces an apoptotic effect associated with
dysfunction of cytokinesis and endo-replication (Schaffrik
et al. 2006). This is not contradictory, since apoptosis is
intimately linked to processes of cell cycle progression.
Moreover, in Hela cells, over-expression of ATAD3As
showed a pro-apoptotic effect (Da Cruz et al. 2003). It is
possible that in different cell lines derived from tumors,
ATAD3 can be either dispensable or indispensable depend-
ing on the degree of differentiation or transformation. In
HeLa and GHD-1 cells, over-expression of ATAD3s/l does
not induce a significant slowdown of the cell cycle but here
the relative over-expression of ATAD3 was not measured
(Schaffrik et al. 2006).

In parallel, we have also shown that ectopic expression of
ATAD3As and ATAD3BI in a oligodendroglioma derived cell
line (chemosensitive) induces in short- and long-term chemo-
resistance against different genotoxic agents (Hubstenberger
et al. 2008). This observation was confirmed by the under-
expression of ATAD3As and 3Bl in an astrocytoma derived
cell line (chemoresistant) which makes them chemosensitive.
The effect of ATAD3As and ATAD3BI on short-term resis-
tance suggests that ATAD3A and ATAD3B may protect cells
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against genotoxic agents by improving their rapid elimination
(permeability, chemical modification and degradation). The
long-term resistance suggests that ATAD3As and ATAD3BI
could increase the efficiency of the cell cycle arrest and DNA
repair. Therefore, ATAD3 could be a target for optimizing the
chemotherapeutic treatment of astrocytoma. Oligodendro-
glioma is a chemosensitive glioma which is characterized by
loss of heterozygosity (LOH 1p), whereas chemoresistant
astrocytoma is an aggressive tumor unaffected by the 1pLOH,
we can imagine that within the population of glial precursor
cells, the loss of ATAD3 genes could participate in their
transformation into oligodendroglioma and contribute to their
chemosensitive phenotype. Thus, ATAD3B is a putative
marker which could enable the discrimination of oligodendro-
glioma from astrocytoma and surrounding healthy tissue
(Hubstenberger et al. 2008). More recently and confirming

these results, it has been shown that ATAD3A constitutes an
anti-apoptotic marker in lung tumors (Fang et al. 2010) and a
radioresistance marker in non-Hodgkin lymphoma and uterine
cervical cancer (Jiang et al. 2009; Chen et al. 2011).

ATAD3, to a function

Today, data on ATAD3 are still quite few and some results
are contradictory. However ATAD3 localization and its
membrane topology are now better confirmed.

ATAD3 has been originally described twice as producing
auto-immune responses in cancer patients (Gires et al. 2004;
Geuijen et al. 2005). These results imply that ATAD3 could
be present outside the cell, accessible to the immune system
and to the antibodies. To date, achieved approaches have not
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yet confirmed this location and ATAD3 has been visualized
only in mitochondria. We can only exclude those different
processes, such as a cleavage or a process of differential
excision/splicing that could relocate ATAD?3 in the extracel-
lular compartment. However, the acquired autoimmune re-
sponse against ATAD3 could result from dead or damaged
cells produced by the anti-tumor treatment suffered by these
patients, noting that ATAD3 is an abundant and relatively
stable protein.

However, ATAD3 is now clearly considered as an inner-
membrane mitochondrial protein. ATAD3 membrane topology
is now nearly elucidated but doubts remain concerning the
exact localization of the N-terminus (Gilquin et al. 2010a;
Gilquin et al. 2010b; Fang et al. 2010). The C-terminus is
located in the mitochondrial matrix and could be associated
with the nucleoid (mitochondrial DNA and associated proteins)
but this interaction may be indirect (Bogenhagen et al. 2008).

ATAD3A has been also shown to bind Frataxin (Correia et
al. 2008), a mitochondrial protein from which mutations in
exon 1 can cause Friedreich’s ataxia (FRDA), a neurodegen-
erative disease. Frataxin interacts with mortalin/GRP75, an
homologue of the yeast chaperone protein ssql which integra-
tes the Tron-sulfur group into proteins imported into mitochon-
dria (Shan et al. 2007). Another frataxin interactant is ISD11, a
component of the Nfs/ICSU complex. These two proteins are
also components of the Fe/S assembly complex (CSI) where
Nfs, a cysteine disulfurase, removes sulfur from cysteine and
converts it into alanine. These two proteins are essential for the
biogenesis of the iron-sulfur group. These results suggest that
Frataxin binds the complex Nfs/ICSU through ISD11 and that
ATAD?3 could be associated to this function.

In conclusion, we would insist on the role that ATAD3 could
have in mitochondria-reticulum interactions as well as in inner-
outer mitochondrial membranes interactions. Indeed, ATAD3
seems to be located at contact points where the outer membrane
and the inner membrane of mitochondria are juxtaposed, and
these contact points are in relation to contact areas between the
endoplasmic reticulum and mitochondria (Gilquin et al. 2010a;
Hubstenberger 2006; Fang et al. 2010). These contact areas are
now considered to be the transit zones for many molecules such
as neo-synthesized proteins, calcium and lipids such as phos-
phatidylserine and cholesterol. Also, the invalidation of
ATAD3 which induces a fragmentation of the mitochondrial
network and a loss of interaction between mitochondria and
reticulum, induces a notable reduction of cholesterol flow
between these compartments (Hoffmann et al. 2009; Gilquin
et al. 2010a; Hubstenberger 2006; Gilquin et al. 2010b).

ATAD3 could therefore contribute to define structures ca-
pable of promoting mitochondrial inner-outer membranes as
well as mitochondrial outer membrane-reticulum interactions,
contributing to the transit of some molecules. ATAD3 could
also, more generally, contribute to mitochondrial homeostasis
by participating in a recycling/neosynthesis mechanism of
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mitochondrial constituents and this related to endoplasmic retic-
ulum (Kornmann 2010; Kornmann and Walter 2010; Hayashi et
al. 2009). However, we are not certain that there is a direct
causality between invalidation of ATAD3 and modification of
the mitochondrial network structure. This process could be
indirect and associated with another mitochondrial dysfunction.

The function of this ATPase still remains an enigma
although it is revealed essential for proper functioning of
the mitochondrial network. Its abundance and its ubiquitous
expression certainly reflect an important role in the cell and
the search for its partners is now an essential question to
discover its function. However, these approaches must be
established pertinently because the high abundance of
ATAD3, its membrane localization and its very basic pHi
(pI=10) are major sources of artifacts. The study of a
differentiation model is now necessary to know the action
level of ATAD3 by precisely studying the cellular effects of
its invalidation or over-expression.
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