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Abstract
Golgi body-mediated signaling has been linked to its fragmentation and regeneration during the
mitotic cycle of the cell. During this process, Golgi-resident proteins are released to the cytosol and
interact with other signaling molecules to regulate various cellular processes. Acyl-coenzyme A
binding domain containing 3 protein (ACBD3) is a Golgi protein involved in several signaling events.
ACBD3 protein was previously known as peripheral-type benzodiazepine receptor and cAMP-
dependent protein kinase associated protein 7 (PAP7), Golgi complex-associated protein of 60 kDa
(GCP60), Golgi complex-associated protein 1 (GOCAP1), and Golgi phosphoprotein 1 (GOLPH1).
In this review, we present the gene ontology of ACBD3, its relations to other Acyl-coenzyme A
binding protein (ACBP) domain containing proteins, and its biological function in steroidogenesis,
apoptosis, neurogenesis, and embryogenesis. We also discuss the role of ACBD3 in asymmetric cell
division and cancer. New findings about ACBD3 may help understand this newly characterized
signaling molecule and stimulate further research into its role in molecular endocrinology, neurology,
and stem cell biology.
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1. Introduction
The Golgi apparatus is composed of flattened fluid-filled sacs that control the flow of molecules
in a cell. In many instances, cell signaling requires the availability of Golgi apparatus resident
proteins during the cell cycle. These proteins become available through Golgi reorganization.
The molecular mechanism of Golgi fragmentation remains unknown [1]. The Golgi apparatus
serves as a signaling platform, involved in many signaling pathways. The Golgi apparatus plays
important roles in diverse cellular processes and in the regulation of down-stream events.
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Accumulated evidence suggests that the Golgi resident protein, acyl-coenzyme A binding
domain containing 3 protein (ACBD3), is involved in the maintenance of Golgi apparatus
structure in general [2-4]. Actually this protein was previously known as peripheral-type
benzodiazepine receptor (PBR) and cAMP-dependent protein kinase (PKA) associated protein
7 (PAP7), Golgi complex-associated protein of 60 kDa (GCP60), Golgi complex-associated
protein 1 (GOCAP1; OMIM # 606809), and Golgi phosphoprotein 1 (GOLPH1; OMIM #
606809) in biomedical scientific literature and/or public databases. ACBD3 plays a central role
in several cellular signaling cascades after its release from the Golgi apparatus. ACBD3 is
shown to be involved in cAMP-dependent steroidogenesis, apoptosis, iron homeostasis, and
determination of neural progenitor cell fate [3,5-7]. In this article, we present the gene structure
of ACBD3. We discuss its relationship to other functional domain-related proteins, its
biological function, and implications in cell signaling, particularly in embryonic development
and cancer research.

2. Golgi fragmentation and cell cycle
The mammalian Golgi body originates from a highly organized ribbon structure located close
to the nucleus. The Golgi body fragments, a common feature of a number of physiological
processes, from the large ribboned structure into small vesicular and tubular compartments
during cell mitosis and apoptosis [8,9]. During mitosis, to ensure that the daughter cells share
similar amount of cytoplasmic organelles, in addition to genetic material, the Golgi membrane
morphology of maternal cells changes extensively (Fig. 1). The phosphorylation of several
proteins, including golgin-84, GM130 and GRASP-65 as well as the inactivation of small
GTPases10–13, has been proposed to be the trigger of this process. The mechanism underlying
these events is not fully understood. The C-terminal-binding protein/brefeldin A-ADP
ribosylated substrate (CtBP3/BARS) appears to be an important factor in Golgi fragmentation
where it seems to interact with lipids and proteins in lipid vesicle formation [10-12]. However,
caspase-dependent cleavage of golgins, such as giantin, golgin-160 and p115 fragmentation,
can induce the Golgi fragmentation during apoptosis [13-15]. Nuclear translocation of the
golgin-160 fragment is regulated via its interaction with ACBD3 [16,17].

After Golgi fragmentation, many Golgi-residing proteins, such as heterotrimeric G proteins,
phosphoinositide 3-kinases (PI3Ks), endothelial nitric oxide synthase (eNOS), and CDC42,
are released. These proteins are involved in many cellular processes, including cell proliferation
and apoptosis signaling pathways (see [18]). A number of recently published reports,
summarized in this review, suggest that ACBD3 functions as a signaling molecule in several
different cellular signaling pathways.

3. Nomenclature and classification
ACBD3 was first identified in 2001 by Li et al. and Sohda et al. as PAP7 and GCP60 proteins,
respectively [3,5,16,19]. Since this gene plays a role in many biological functions, the proposed
functional nomenclatures, PAP7 and GCP60, did not encapsulate the diverse functions of this
molecule. A structure-based nomenclature was believed to better reflect the general
characteristics of the protein, while avoiding association of the protein with any one specific
function. The name ACBD3 was adopted by the HUGO Gene Nomenclature Committee as the
formal name for PAP7 and GCP60 (http://www.genenames.org).

Several acyl-CoA-binding protein (ACBP) domain-containing proteins have been identified.
These include ACBD1 (previously known as a diazepam binding inhibitor, DBI and ACBP),
ACBD2 (peroxisomal D3,D2-enoyl-CoA isomerase, PECI), ACBD4, ACBD5, ACBD6, and
ACBD7 (Table 1). The domain shared among these proteins is acyl-coenzyme A binding
domain (ACBD) at the N-terminal end. However, some additional prominent domains were
observed in their C-terminal ends, such as enoyl-CoA somerase/hydratase domain in the C-
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terminus of ACBD2, two ankyrin motifs at the C-terminus of ACBD6 and one GOLD (for
Golgi dynamics) domain at the C-terminus of ACBD3 (Fig. 2). The sequence and structural
information obtained clearly suggest that ACBD3 possesses a conserved ACBP domain similar
to that found in six other ACBP domain-containing proteins.

3.1. Acyl-Coenzyme A binding domain containing 1 (ACBD1)
The ACBD1 (previously known as ACBP or liver ACBP, L-ACBP) gene encodes a cytosolic
polypeptide of approximately 10-kDa, that binds long-chain (C12-C22) acyl-CoA esters with
high affinity [20-25]. ACBD1 is recognized as a protein important for intracellular transport
of acyl-CoAs, a function that can be traced back to very early evolutionary history [26].
Previous studies have suggested that ACBD1 also functions as pool former and transporter of
cytosolic acyl-CoA either protected against acyl-CoA hydrolases or protecting fundamental
cellular processes from being affected by the long-chain acyl-CoA esters [27,28]. Additionally,
ACBD1 was also found in the nucleus of rat liver cells, where it involved in regulation of acyl-
CoA-dependent processes [29]. Recently, ACBD1 has been proposed to play a role in vesicular
trafficking by targeting to the endoplasmic reticulum (ER) and Golgi in a ligand-binding-
dependent manner, i.e. either targeting to ER after binding with acyl-CoA or targeting to Golgi
induced by fatty acid [30].

Studies examining DNA microarray using yeast acyl-CoA-binding protein (Acb1p, the
ortholog of ACBD1) deletion and expression of Acb1p mutant protein, which is unable to bind
acyl-CoA, revealed an Acb1p-dependent connection between fatty acid metabolism and
transcriptional regulation of phospholipid biosynthesis [31]. This connection was due either
to the formation of the Acb1p–acyl-CoA ester complex directly, or to the ability of Acb1p to
donate acyl-CoA esters to utilizing systems [31]. Although both ACBD1 and liver-type fatty
acid binding protein (L-FABP) play a similar role in microsomal phosphatidic acid biosynthesis
via shuttling acyl-CoA between the mitochondria and ER (microsomes), only ACBD1 protects
the long chain fatty acyl-CoAs from microsomal acyl-CoA hydrolase activity and therefore
ACBD1 may affect the fatty acid-mediated gene regulation through the availability of acyl-
CoA [32,33]. Furthermore, Acb1p has been shown to be involved in ceramide synthesis and
normal vacuole function [34].

ACBD1 was also previously known as diazepam binding inhibitor (DBI) [20] and endozepine
[21], a peptide cleaved by endo- and exo-peptidases to form bioactive processing products
[35]. DBI and some of its processing products were reported to displace benzodiazepines from
the plasma membrane GABAA receptor and the mitochondrial translocator protein (18 kDa;
TSPO), a protein previously known as the peripheral-type benzodiazepine receptor, and induce
cholesterol transfer into the mitochondria of steroidogenic cells, the rate-determining step in
steroid biosynthesis [36,37]. Thus, the interaction between ACBD1 and TSPO is thought to be
critical in the acute stimulation of adrenal steroidogenesis by adrenocorticotropic hormone
(ACTH) [36-38].

3.2. Acyl-Coenzyme A binding domain containing 2 (ACBD2)
ACBD2 (MW: 40.18 kDa) is also known as peroxisomal D3, D2-enoyl-CoA isomerase (PECI)
[39] or diazepam-binding inhibitor-related protein 1 (DRS-1) [40]. ACBD2 contains an N-
terminal ACBP-like domain and a C-terminal enoyl-CoA isomerase/hydratase (ECH) domain
[41]. ACBD2 acts to isomerize 3-cis and 3-trans double bonds into the 2-trans form in a range
of enoyl-CoA species. Human ACBD2 has been found to be localized to peroxisomes by
subcellular fractionation and immunofluorescence microscopy [39]. Since ACBD2 is essential
for the metabolism of unsaturated fatty acids, it may be a candidate gene involved in defects
of the peroxisomal fatty acid metabolism. Actually, ACBD2 has linked with acquired aplastic
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anemia via serving as an autoantigen eliciting immune attack against hematopoietic stem cells
[40,42].

Additionally, an alternatively spliced, partially processed human ACBD2 gene has been linked
to human antigens recognized by autologous antibodies in patients with renal cell carcinoma
[43]. ACBD2 has also been linked to human hepatocellular carcinoma, where it is associated
with hepatocellular carcinoma-associated antigen 64 [44]. Therefore, it would be interesting
to examine whether defects in peroxisomal fatty acid metabolism are related to cancer
development.

Furthermore, certain intermediates of extramitochondrial fatty acid oxidation (e.g., the long-
chain dicarboxylic fatty acids) impair mitochondrial function. Some of these intermediates are
implicated as modulators of gene expression through their interaction with the peroxisome
proliferator-activated receptor [45]. Moreover, increased peroxisomal branched chain fatty
acid oxidation during fatty acid metabolism has been proposed to be a marker for prostate
malignant transformation [46].

3.3. Acyl-Coenzyme A binding domain containing 3 (ACBD3)
ACBD3 (MW: 60.59 kDa) was first identified by yeast 2-hybrid screening and mammalian
cell co-precipitation studies as a TSPO (PBR) and Protein Kinase-A Regulatory Subunit Iα
(PKARIA)-binding protein. ACBD3 was named as the PBR-associated protein 7 (PAP7) and
as the Golgi complex-associated protein GCP60 [3,5]. Subsequently, several cellular signaling
pathways were linked with this protein. After ACBD3 is released during the fragmentation of
the Golgi, ACBD3 can interact in a tissue and cell-specific manner with (i) TSPO and PKARIA
to mediate steroidogenesis, (ii) divalent metal transporter 1 (DMT1) and a 30 kDa brain-
enriched member of the Ras family of small monomeric G proteins (Dexras1) to regulate iron
homeostasis, (iii) a golgin-160 fragment to regulate cell apoptosis, and (iv) a membrane
associated protein, numb homolog (Drosophila) to regulate neuronal differentiation. These
pathways will be discussed in detail (see below).

3.4. Acyl-Coenzyme A binding domain containing 4 (ACBD4)
ACBD4 (MW: 34.76 kDa) is one of the nineteen most up-regulated genes known to be induced
by the histone deacetylase inhibitor valproic acid (VPA) in a panel of cancer cell lines [47].
VPA is used clinically as an anticonvulsant and mood-stabilizing drug to treat many
neurological conditions such as epilepsy, bipolar disorder, migraine headaches, and
schizophrenia. However, the biological function of ACBD4 is still not well understood.

3.5. Acyl-Coenzyme A binding domain containing 5 (ACBD5)
Previous studies have shown that ACBD5 (MW: 54.79 kDa) is up-regulated in wild-type
neurospheres, a free-floating structure generated by neural stem cells (NSCs) in vitro,
compared with PTEN null neurosphere cultures [48]. Genes up-regulated in PTEN null
neuroshperes include doublecortin, glutamate receptors, GABA receptors, and glutamate
dehydrogenase. Considering the roles of these proteins together with ACBD5 in brain growth
and development, we speculate that ACBD5 may be linked to cell differentiation and
metabolism.

3.6. Acyl-Coenzyme A binding domain containing 6 (ACBD6)
Human ACBD6 (MW: 31.15 kDa) possesses two Ankyrin repeats, each approximately 33
amino acids long. These repeats function in protein-protein interactions through a core helix-
loop-helix structure, with a beta-hairpin/loop region projecting out from the helices at a 90°
angle [49]. ACBD6 prefers to bind unsaturated long-chain acyl-CoAs (C18:1-CoA and C20:4-
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CoA), rather than saturated, C16:0-CoA, acyl species. Since ACBD6 expression is restricted
to bone marrow, spleen, placenta, cord blood, circulating CD34(+) progenitors, and embryonic-
like stem cells derived from placenta, it is assumed that ACBD6 functions in hematopoiesis
and blood vessel development [50].

Moreover, ACBD6 is one of seven genes that are responsive to dihydrotestosterone (5α-DHT)
treatment [51]. Since DHT is a major bioactive androgen, these results indicate that ACBD6
is an androgen receptor target gene.

3.7. Acyl-Coenzyme A binding domain containing 7 (ACBD7)
ACBD7 (MW: 9.79 kDa) is expressed in spleen, thymus and brain, and is very similar to
ACBD1 in predicted amino acid sequence. Due to its expression in brain, it was previously
called brain ACBP (B-ACBP) [26]. However, there have been no reports solely concerning
ACBD7, likely because ACBD7 is not as ubiquitous as ACBD1.

3.8. Other ACBP domain-containing proteins
Endozepine-like peptide (ELP; MW: 9.86 kDa), also known as ACBD1-isoform 5 or testes
ACBP (T-ACBP), is a testis-specific isoform of the ubiquitous ACBD1 [26]. ELP is highly
expressed at both the mRNA and protein levels in the late haploid stages of spermatogenesis
[52]. Although it is highly conserved, along with ACBD1, in diverse mammals and shares a
similar ability to bind mid–long chain acyl–CoA, it is considered an essential component of
haploid sperm. Only two pseudogenes corresponding to ACBD1-isoform 5 have been found
in the primate testis, including humans. Thus, it has been proposed that a slow process of the
gene silencing occurs during evolution in humans. ELP may be related to the subfertility of
human males, compared with non-human primates [53].

4. Characteristic features of domain architecture and evolutionary history
4.1. ACBP domain

The prototypical and archetypal member of the family of ACBP domain-containing proteins
is Acyl-CoA-binding protein (ACBD1, ACBP or DBI). ACBD1 binds medium- and long-chain
acyl-CoA esters with high affinity. ACBD1 likely acts as an intra-cellular carrier of acyl-CoA
esters with multiple functions [24,54]. Additionally, numerous physiological and biochemical
functions have been reported for ACBD1 under the name DBI, because of the ability of DBI
to displace diazepam from GABAA receptor, thus acting as a putative neurotransmitter [35,
55] and a regulator of insulin release from pancreatic cells [56,57]. ACBD1 also acts as a
mediator in corticotropin-dependent adrenal steroidogenesis by interacting with the
mitochondrial TSPO protein. TSPO is a high affinity drug and cholesterol binding protein,
mediating cholesterol import into mitochondria, the rate-determining step in steroid
biosynthesis [58]. ACBD1 is widely distributed in the tissues of vertebrates, insects, plants and
yeast. Six other proteins have been found to possess an ACBP-domain.

The 3-D structures of the ACBP domains of ACBD1, ACBD2 and ACBD6 have been deduced
by NMR spectroscopy and X-ray diffraction. Although there are conformational differences
in loops and turns among the proteins, the ACBD domains are largely conserved, consisting
of four short alpha-helices and three connecting beta-strands [23,59,60]. The predicted 3D
structures of the rest ACBP domain-containing proteins were compared with their homologous
models generated through Swiss Model Server under project (optimize) mode
(http://swissmodel.expasy.org/SWISS-MODEL.html) (Fig. 3). All these ACBP domains have
a similar electrostatic surface potential, which may suggest that ACBDs possess a positive
binding cavity of Acyl-CoA. ACBP binds acyl-CoA through not only the hydrophobic
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interactions, but also the electrostatic interactions between the protein and its substrates [61,
62].

Further analysis of the molecular surfaces revealed some differences in electrostatic potentials
between the ACBP domains of ACBD3 and ACBD1 (Fig. 3). The binding surface of the
palmitoyl-coenzyme A ligand in ACBD3 is slightly more negatively charged than ACBD1.
However, the four to five residues responsible for ligand binding are similar [63-65]. These
residues provide positive patches, which are assumed to be important for substrate binding via
the electrostatic interactions between the adenosine 3′-phosphate of the CoA and ACBP [63,
66] (Fig, 4). It is important to note that substitutions among the conserved residues important
for substrate binding may be responsible for conferring binding properties for acyl-CoA with
variable chain lengths; for instance, trypanosome acyl-CoA-binding protein, which has two
amino acid substitutions among the five important residues, possesses the greatest affinity for
shorter chain acyl-CoAs, such as lauroyl-CoA [67]. Generally, the acyl-CoA binding sites,
which are illustrated by positively charged residues, are located in a hydrophobic pocket on
the surface of each ACBP domain.

4.2. GOLD domain
The beta-strand rich GOLD domain has been found in several eukaryotic Golgi and lipid-
trafficking proteins. The typical GOLD domain is between 90 and 150 amino acids in length.
Two categories of GOLD domain-containing proteins have been proposed: the p24-like
category which has a single GOLD-domain (category 1) and those with one GOLD domain at
the extreme amino or carboxyl terminus plus an additional lipid-binding related domain
(category 2) [68]. The GOLD domain-containing proteins encompass the P24 families of
proteins, which include endosome membrane proteins (emp24s) and a calnexin-associated
integral membrane glycoprotein of the ER (GP25L) in eukaryotes, as well as other category 2
members, such as GCP60 (ACBD3).

GOLD domain-containing proteins are involved in diverse functions, such as protein-protein
interactions [68], but they are all related to a basic cellular process, such as protein-lipid binding
[69]. The main function of the GOLD domain is to provide a binding site for membrane lipids
and proteins. The GOLD domain coexists with other conserved globular domains, such as the
pleckstrin homolog (PH) domain involved in protein-protein interactions, the RUN domain
associated with Ras-like GTPase signaling [70], the CRAL/TRIO domain named after cellular
retinal and the TRIO guanine exchange factor, which binds small lipophilic molecules such as
retinol, vitamin E, squalene, and inositol [71], the FYVE zinc finger domain, which binds
lipids, the oxysterol-binding domain responsible for sterol binding, and the ACBP domain
binding medium- and long-chain acyl-CoA esters. On the other hand, p24 proteins, which
contains a single GOLD domain, are involved in COPI (referring to specific coat protein
complex I)- and COPII-mediated vesicular transport as major membrane components of coated
vesicles [72]. Therefore, GOLD-domain containing proteins may function by bringing cargo
forward from the ER and binding to coat proteins by their cytoplasmic domains [68,72].

ACBD3, a GOLD-domain containing protein, possesses one ACBP domain at its N-terminus
and one GOLD domain at its C-terminus (Fig. 2). Overexpression of a portion of ACBD3,
including the GOLD domain, causes abnormality of the Golgi structure as well as disruption
of protein transport from the ER to the Golgi [3]. The GOLD domain seems to be responsible
for the Golgi localization of ACBD3, whereas the ACBP domain functions to presumably bind
acyl-CoA derivatives. Thus, the GOLD domain of ACBD3 appears to confer the ability in
determining its intracellular (Golgi) localization and trafficking. Although the ACBP domain
of ACBD3 remains functionally elusive, it likely reflects specific biochemical features of this
protein.
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4.3. Vertebrate ACBD3
Sequence analysis showed that vertebrate ACBD3 proteins form a highly conserved protein
family (Fig. 5). All members of vertebrate ACBD3 proteins have one extra conserved coil-coil
domain and one or two nuclear localization signals (NLS) between the two major ACBD and
GOLD domains. Additionally, portions of the human ACBD3 protein from residue 68–97 have
some similarities to one isoform (designed as N0 splice) of dual specificity protein kinase A
anchoring protein 1 (D-AKAP1) targeting domain 1–30, which binds to both the regulatory
subunits (RI and the RII) of cAMP-dependent protein kinase (PKA) [73,74]. ACBD3 sequences
are highly conserved in this region among mammals, but not in non-mammalian vertebrates.
In contrast, the portion of the protein with similarity to the dual type I and type II domain (317–
338) of D-AKAP1 and hPAP7 238–259 are identical for all vertebrates (Fig. 5) [19,75]. This
observation may suggest that there is one identical mechanism existing in mammals, but with
some variations in cAMP-ACBD3-mediated signaling in non-mammal vertebrates. Since the
partial sequence of the AKAP disrupting peptide overlaps with the N-terminal ACBP domain,
it is possible that the AKAP activity of ACBD3 depends on this domain.

In contrast to vertebrate ACBD3, a database sequence search indicated that invertebrate
ACBD3 members are more divergent in the sequence. None of the invertebrate ACBD3s
contains an NLS between the ACBD and GOLD domains (data not shown). So far the only
experimental report mentioning ACBD3 from invertebrates is the ACBD3 from Drosophila
[7]. This vertebrate-specific sequence feature may attribute some more advanced functions in
this highly evolved group of organisms. Nevertheless, both vertebrate and invertebrate
ACBD3s share a conserved function in the numb signaling in asymmetric cell division [7].

Rodent and human ACBD3 proteins were extensively studied by our group. We found that
ACBD3 is a mediator of the cAMP-induced protein-protein interactions driving cholesterol
transport into mitochondria. Thus, ACBD3 proteins increased steroid formation by steroid
synthesizing cells, such as the Leydig cells of the testis [5,19]. Reduction of ACBD3 gene
expression in Leydig cells attenuated hormone-induced steroid formation [5]. Expression of
ACBD3 proteins lacking the ACBP domain in Leydig cells reduced the hormone–stimulated
steroid production. Deletion of the mouse ACBD3 gene was embryonic lethal as early as at
8.5 days [7] (Wang, Liu, Papadopoulos, unpublished).

Nevertheless, knockout of the mouse ACBD3 gene revealed a potential link between ACBD3
and numb signaling in asymmetric cell division [7]. Rat ACBD3 was shown to be involved in
the N-methyl-D-aspartate (NMDA) receptor-nitric oxide (NO)-Dexras1-PAP7-DMT1-iron
uptake signaling cascade [6]. Human ACBD3 was found to regulate nuclear translocation and
golgin-160 fragments (GOLGA3, Golgi autoantigen, golgin subfamily a, 3) [3,76]. Nuclear
translocation of golgin-160-(140–311) is a highly coordinated event regulated not only by the
cleavage of the golgin-160 head but also by the oxidation state of GCP60 [16,17]. Human
ACBD3 is highly expressed in steroidogenic tissues, where it follows the pattern of PRKAR1A
expression, suggesting that it participates in PRKAR1A-mediated tumorigenesis and
hypercortisolism [77].

Protein functions can be attributed to specific protein domains within their molecular
architecture. Protein domains serve as the basic functional units of the proteins as well as the
basic evolutionary units that drive new protein formation through domain fusion,
recombination and shuffling, thus promoting proteomic complexity [78-80]. Although two
main domains are present in the ACBD3, it is clear that there is no domain shuffling in ACBD3
proteins from worms to humans (Fig. 6; Table 2). Phylogenetic analysis of the ACBD3 domains
shows that ACBD3 has unique features distinct from other ACBP proteins. The estimated
genetic distance between ACBD3 and other ACBP domain containing proteins is remarkable.
Even among the important conserved binding sites for acyl-CoA type ligands, four of the five
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amino acids have been replaced by an alternative amino acid with various biochemical
properties: one hydrophilic polar/hydrophobic nonpolar amino acid replacement (Tyr87Phe),
two hydrophobic/hydrophilic amino acid replacements (Tyr87Phe and Phe161Tyr) and one
similar amino acid replacement (Arg142Lys) (Fig. 2B). Interestingly, another domain of
ACBD3, the GOLD domain, is also highly conserved from worm to humans (Fig. 5 and 6),
suggesting that ACBD3 is unique as a tethering protein in the assembly of Golgi-membrane-
associated protein complexes.

In the remaining sections of the review, we will focus on the distribution and function of
ABCD3, a protein that we initially described in 2001 to play a critical role in the regulation of
steroid hormone biosynthesis [5].

5. Localization and function
5.1. Tissue distribution of ACBD3

ACBD3 is highly expressed in several different types of cells and tissues, including Leydig
and germ cells of the testis, theca and granulosa cells of the ovary, fasciculata reticularis and
glomerulosa cells of the adrenal gland, the hippocampus, and specific neuronal and glial cells
of the cortex [5]. ACBD3 immunoreactivty has also been detected in the paraventricular and
superoptic nuclei regions of the hypothalamus, as well as in liver and kidney [5,77].

5.2. Intracellular localization of ACBD3
ACBD3 was first observed to be intracellularly localized in the Golgi body, as well as in
mitochondria [3,5]. However, during cell mitosis, ACBD3 is released from the Golgi body into
the cytosol, where it binds to the mitochondrial TSPO protein [5,19], PRKARIA (protein
kinase, cAMP-dependent, regulatory, type I, alpha (tissue specific extinguisher 1) to target it
to mitochondria [5], to golgin-160 caspase cleavage fragments (amino acids 140–311)[16], or
to Numb-like protein, driving neuronal differentiation [7]. In the later case, ACBD3 plays a
role in cellular asymmetric division in neural progenitor cell-fate specification. Since
asymmetric cell division occurs widely from embryonic stem cells to other mammalian
cultured cell lines, it would be of interest to further investigate this aspect of ACBD3 function
[81].

As noted earlier in this review, the vertebrate ACBD3s can have one or two nuclear localization
signals (NLS) of the form ER4E4RERLQKE3KR3. NLS have been found in 193 proteins, of
which 98% are verified nuclear proteins
(http://cubic.bioc.columbia.edu/cgi/var/nair/resonline.pl). Moreover, ACBD3 contains nine
predicted DNA binding sites with the sequence motifs E/DRnED (with n>4); within a helix-
loop-helix domain between the ACBP- and the GOLD- domains. However,
immunolocalization of ACBD3 and the expression of exogenous ACBD3 in cells failed to
show nuclear localization of the protein (Fig. 7) [19]. Nevertheless, it cannot be excluded that
ACBD3 might move to the nucleus following the Golgi disassembly under certain
circumstances, such as apoptosis.

6. ACBD3 in steroidogenesis
The mechanism by which hormones, such as the gonadotropin luteinizing hormone (LH), and
the corticotrophin ACTH, bind to G-protein coupled plasma membrane receptors, inducing
cAMP synthesis and stimulating steroid formation has been an area of interesting research
[82-84]. Although many details are still unknown, it is clear that cAMP rapidly activates
cholesterol transport from intracellular stores into mitochondria, where steroidogenesis begins.
The rate-limiting step in the hormonal regulation of steroidogenesis is the transfer of cholesterol
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into mitochondria, where TSPO [85], ACBD1 (DBI) [86] and ACBD3 (PAP7) [84] play critical
roles.

ACBD3 is critical for the formation of a macromolecular signaling complex (scaffold) through
its interactions with TSPO and PRKARIA, acting as an A-kinase anchoring protein (AKAP)
[5,19,75,77,87,88]. This interaction allows for the targeting of a few molecules of cAMP to
the mitochondria to locally activate (phosphorylate) substrates. Such activation is involved in
the steroidogenic acute regulatory protein (StAR) initiation of cholesterol transfer, via TSPO,
to the inner mitochondrial membrane cytochrome P450 side-chain cleavage (CYP11A1)
enzyme, which catalyzes the metabolism of cholesterol to pregnenolone [19,84,89].

A series of ACBD3 suppression and overexpression studies, along with expression of dominant
negative mutants and in vitro reconstitution experiments in steroid synthesizing and control
cells, support the idea that upon hormonal stimulation, the mitochondrial proteins TSPO and
voltage-dependent anion-selective channel (VDAC) form a complex that allows for the
recruitment and anchoring of ACBD3, PRKAR1A, ACBD1 and StAR on the surface of the
mitochondria and subsequent cholesterol transfer [5,19,75,77,84,88]. Similar conclusions were
reached concerning the orthologous human gene, hACBD3, which is highly expressed in
steroidogenic tissues and follows the pattern of PRKARIA expression. In this regard, hACBD3
appears to participate in PKARIA-mediated hormone-independent hypercortisolism [75,77].

ACBD3 is also mechanistically involved in the Golgi fragmentation elicited by human
chorionic gonadotropin (hCG) in the steroidogenic testicular Leydig cells. ACBD3 is released
from the Golgi after hCG treatment, but not released after treatment with a protein kinase A
inhibitor, H-89 (Fig. 7). ACBD3 is distributed in the cytosol after treatment with both hCG
and H-89 (Fig. 7), while hCG-stimulated steroid hormone production is blocked (Liu J and
Papadopoulos V, unpublished). Since H-89 functions to block Golgi fragmentation and
dispersal in mitosis, and also blocks ER export [90,91], it is clear that ACBD3-mediated hCG-
induced cholesterol transport and steroid formation is closely related to proper Golgi
fragmentation as well as normal ER-Golgi trafficking.

A gene interaction network centered on ACBD3, and constructed through the IntNetDB server
(http://hanlab.genetics.ac.cn/sys/) [92], reveals that ACBD3 is related to steroid and cholesterol
synthesis-related genes, including STAR (steroidogenic acute regulatory protein), SCP2 (sterol
carrier protein 2), hormone nuclear receptor (NR0B1, nuclear receptor subfamily), Acyl
coenzyme-related ACBD1 and BACH (acyl-CoA thioesterase 7), Golgi proteins (BLZF1,
basic leucine zipper nuclear factor 1), lipid degradation protein (AZGP1, alpha-2-glycoprotein
1, zinc-binding), and several p24 family members (Fig. 8). These data suggest that ACBD3
functions as an AKAP in mitochondrial cholesterol transport. Cyclic AMP-dependent steroid
hormone production serves as a central node in the steroidogenesis.

7. ACBD3 in apoptosis
In addition to the maintenance of the structure of the Golgi apparatus by interaction with
giantin, ACBD3 is also involved in apoptosis through interaction with golgin-160 caspase
cleavage fragments requiring a single, critical, oxidized cysteine residue in ACBD3 (Cyc-363)
[3,16,17].

Golgin-160 is a ubiquitous protein in vertebrates, which localizes to the cytoplasmic side of
the Golgi complex. The protein is composed of an N-terminal domain, containing a Golgi
targeting sequence, a cryptic NLS, and three aspartates as caspase cleavage sites. The C-
terminus contains a large coiled-coil domain. During the initiation of apoptosis, caspase
cleavage of the head domain leads to the accumulation of cleavage products in the nucleus
[93].
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The significance of the presence of the golgin-160 fragment in the nucleus is not clear. ACBD3
demonstrates a strong interaction with caspase-generated golgin-160 fragments containing
amino acids 140-311. ACBD3 holds the fragment in the cytoplasm through a single oxidized
cysteine residue, when the fragment and/or ACBD3 are overexpressed. Thus it has been
suggested that the nucleus localized golgin-160 fragments (amino acids 140-311) might
promote cell survival after apoptotic insults, since overexpression of ACBD3 make cells more
sensitive to apoptosis induced by staurosporine [17]. However, overexpression of the
golgin-160 fragment (amino acids 140-311) in the cells with a caspase-resistant golgin cannot
overcome the sensitivity of the apoptosis induced by staurosporine [94], suggesting that the
cleavage of golgin in vivo seems to play a central role in the transduction of apoptotic signals.
Also, to induce apoptosis, both Golgi apparatus fragmentation and disruption of actin filament
organization induced by staurosporine are necessary steps. Therefore, the exact role of the
Golgi protein ACBD3 in this process remains unclear. Moreover, the caspase-cleaved fragment
of an additional Golgi protein (p115) also caused Golgi fragmentation and induced apoptosis
in a similar fashion to golgin-160 [14,95]. Whether ACBD3 is also related to the p115 caspase-
cleaved fragment awaits further investigation.

8. ACBD3 in iron-homeostasis
Iron-homeostasis is essential for neuronal function. Excess iron induces neurodegeneration.
ACBD3 has been reported to be involved in iron homeostasis via its interaction with the
divalent metal transporter 1 [DMT1, or SLC11A2 (solute carrier family 11 (proton-coupled
divalent metal ion transporters), member 2)] and Dexras1, a 30 kDa brain-enriched member
of the Ras family of small monomeric G proteins [6]. Dexras1 has been identified as a target
of neuronal nitric oxide synthase (nNOS) via the nNOS adaptor protein CAPON, enhancing
NO –mediated signaling [96]. Dexras1 was found to bind to ACBD3; Then ACBD3 in turn
binds to the divalent metal transporter (DMT1), an iron import channel. Finally, the NMDA
(N-methyl-D-aspartic acid)-NO-Dexras1-ACBD3-DMT1 cascade was shown to mediate
physiologic influences of NMDA on iron uptake [6].

9. ACBD3 in neurogenesis
Neurogenesis is one of the mechanisms underlying neuronal plasticity, enabling organisms to
adapt to environmental changes and influencing learning and memory throughout life. During
neurogenesis, neural progenitor cells divide asymmetrically to self-renew and produce a neuron
by segregating cytosolic Numb proteins to one daughter cell. Numb proteins play two
evolutionarily conserved roles in the maintenance of stem cell in mammalian neurogenesis: (i)
determination of the fate of the progenitor neuronal cell and (ii) neuronal differentiation [97].

ACBD3 interacts physically with Numb through an essential Numb domain during mitotic
Golgi fragmentation. ACBD3 is thought to diversify cell fates in asymmetric cell division.
ACBD3 determines self-renewal and differentiation of neural progenitor cell via inhibition of
neuron formation, due to its continued presence during the progenitor cell cycle [7]. Therefore,
released ACBD3 during Golgi fragmentation in mitosis regulates Numb signaling through the
subcellular asymmetrical distribution of ACBD3, which may provide a general mechanism to
couple cell fate specification within the cell cycle. Taken together with other functions
presented here, it is clear that ACBD3 plays a central role in several cellular signaling cascades
after it is released from the Golgi apparatus in response to the second messengers cAMP and
nitric oxide, either from hormone treatment of the cell or from synthesis by the enzyme nitric
oxide synthase (NOS), in steroidogenesis and iron homeostasis. ACBD3 may also act via direct
physical interaction with other signaling molecules, such as Golgi-160 large fragment and the
Numb protein during mitosis in apoptosis and neurogenesis (Fig. 9).
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10. ACBD3 in embryonic development
Generation of null alleles of the ACBD3 gene are embryonically lethal in mice [7] (Wang H,
Liu J and Papadopoulos V, unpublished data). Although ACBD3 heterozygous mice are viable,
fertile and similar to their wild-type littermates, no homozygous mutants survive postnatally.
Embryos are dying between 8.5 to 10.5 days of age, suggesting that ACBD3 is essential for
embryogenesis. Homozygotes are much smaller than the wild-type littermates at E8.5, with
defects in axial turning and neural tube closure at E9.5. At E10.5, embryos become necrotic
and are absorbed [7] (Wang H, Liu J and Papadopoulos V, unpublished data). In most PAP7
mutants, the most dramatic change seen was reduction of the thickness of the neuroepithelium,
indicating reductions in progenitor cell numbers, since the vast majority of cells in the wild-
type neuroepithelium are progenitor cells. Due to premature progenitor cell depletion the
phenotype of ACBD3 mutants was deemed similar to the loss of both m-numb and Numbl
[7,98,99].

11. ACBD3 in cancer
The expression profile of ACBD3 has been tightly linked with PKARIA in primary pigmented
nodular adrenocortical disease (PPNAD) tissues. This indicates that ACBD3 may participate
in PKARIA-mediated tumorigenesis and hormone-independent hypercortisolism [75].
Moreover, microarray data from published cancer-related databases has shown that ACBD3
is involved in cell cycle control and is regulated by retinoblastoma protein (pRB), a critical
tumor suppressor [100].

A recent clinical trial examined the safety and efficacy of celecoxib, a selective COX-2
inhibitor, approved by the Food and Drug Administration for prevention of colon cancer in
patients with familial adenomatous polyposis (FAP) syndrome. ACBD3 was found to be one
of 173 genes (out of 9,128 screened genes) that showed a statistically significant (P < 0.001)
difference in expression, upon pretreatment versus post-treatment with celecoxib, but not
placebo [101]. Additionally, ACBD3 has been one of 51 candidate genes for discriminating
between responders (PR) and non-responders (PD) to gefitinib (Iressa, ZD1839), an inhibitor
of epidermal growth factor receptor-tyrosine kinase. Gefitinib has shown potent anti-tumor
effects and improved symptoms and quality-of-life in a subset of patients with advanced non-
small cell lung cancer (NSCLC). The expression of ACBD3 is 3.8 fold higher in non-
responders (PD) than in responders (PR), suggesting that ACBD3 may play a role in the
underlying mechanism of the response of lung cancer cells to gefitinib [102].

Finally, ACBD3 is upregulated by photodynamic therapy (PDT). PDT involves the use a
photosensitizer, visible light, and tissue oxygen to generate cytotoxic reactive oxygen species.
The reactive oxygen species cause tumor ablation. The study provides evidence that a subset
of genes induced by PDT may be related to cell survival and the cell death response [103].
Interestingly, it is believed that PDT therapy is mediated at least in part via the mitochondrial
TSPO [104], which directly interacts with ACBD3, as described above.

It has been widely accepted that asymmetric division occurs in stem cells. Asymmetric division
results in one daughter cell that resembles the parent stem and a second cell that differentiates
into a tissue-specific progenitor or a postmitotic cell. Disturbance of this delicately balanced
asymmetric process has long been speculated to produce cancerous growth[105,106]. Cancer
stem cells, which drive growth and metastasis, have been identified in leukemia and in solid
tumors of the breast and brain. Moreover, inappropriate regulation of the self-renewal of
somatic stem cells is believed to cause neoplastic proliferation and cancer formation [107].
Thus, the regulation of stem cell self-renewal and tumor suppression via asymmetric cell
division is critical and delicate [105,108]. ACBD3 plays at least a partial role in the regulation
of this balanced process in neurogenesis. Further investigations of the role of ACBD3 in cancer
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stem cell differentiation may help increase the understanding of the onset of cancer in other
stem cell systems, such as germ-line disorders.

12. Conclusion
The data presented in this review suggest that ACBD3 is a critical component in Golgi-body
platform-based cell signaling. As ACBD3 becomes further understood through genome-wide
investigations, we believe that new information will clarify its biological functions. Because
of the various names assigned to this protein based on its function in distinct cell signaling
pathways, there may continue to be confusion regarding communication about this protein.
Therefore, we propose to adopt the name ACBD3 assigned by the human genome organization
(HUGO).

The most detailed research about ACBD3 focuses on its functions as a TSPO-associated protein
and AKAP in the cAMP-dependent steroidogenesis, as well as its role in the Dexras1-ACBD3-
DMT1-mediated signaling pathway that connects neurotransmission with iron uptake.
Although the detailed mechanisms of ACBD3 action, beyond protein targeting and protein-
protein interactions, remains unclear, it is likely linked to hormones and other factors that elicit
fragmentation of the Golgi apparatus. ACBD3 likely leads to a series of cellular processes
mediating steroid hormone formation, iron homeostasis and other functions. From the available
information, ACBD3 emerges as a multifunctional signaling molecule that plays a role in the
stem cell differentiation in neurogenesis via an asymmetric cell division. Thus, ACBD3 is
likely to be important in cancer stem cell differentiation and carcinogenesis, hematopoetic stem
cell differentiation, as well as spermatogenesis.
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Fig. 1.
Schematic illustration of Golgi apparatus fragmentation and reassembly during cell mitosis
and apoptosis. Many reasons can lead to Golgi fragmentation, but it can be generally classified
as physiological Golgi disassembly (Mitosis) or pathological Golgi fragmentation due to
apoptosis, presence of misfolded proteins, neurodegenerative diseases, Chlamydia infection,
etc.
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Fig. 2.
Schematic domain architecture and sequence alignment of ACBD3 and other ACBP domain-
containing proteins in humans. A. Organization of ACBP domain-containing proteins. ACBD3
contains an ACBP domain (shown in green) at the N-terminus, a GOLD (for for Golgi
dynamics) domain at the C-terminus, and a putative nuclear localization signal (NLS) located
between the ACBP- and GOLD- domains. ACBD2 has one enoyl-CoA hydratase/isomerase
(ECH) domain closer to the C-terminus. ACBD6 possesses two Ankyrin repeats (Ank) at the
C-terminus. B. The positions of the four alpha-helices are indicated (H1-4). Red arrowheads
indicate the important binding sites for acyl-CoA type ligands [62]. The conserved sites are in
red with black background. C. A neighbor-joining (NJ) tree calculated from the amino acid
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sequences of human and mouse ACBP domain-containing proteins. The numbers at each node
indicate the percentage of bootstrap values from 1000 resamplings. Bar indicates that the
estimated genetic distance is proportional to the horizontal length of each branch.
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Fig. 3.
Comparison of the 3D structures of ACBP domains from each ACBP domain-containing
protein. Left panel: Ribbon presentation of 3D models of each ACBP domain. The five
conserved amino acids comprising the acyl-CoA binding sites are presented in a ball-and stick
model with CPK colors. Right panel: Electrostatic potentials are mapped on the protein surface
colored from red (negative) to blue (positive) and yellow (hydrophobic) using eF-Surf service
(http://ef-site.hgc.jp/eF-surf) and jV Version 3.6 [109]. The positive binding cavity is shown.
Crystal structures are from human ACBD1 (2FJ9), ACBD2 (2CQU) and ACBD6 (2COP).
Homology models are deduced via the Swiss-model services using NMR- and/or crystal
structures of human ACBD1 and ACBD6 (2FJ9 and 2COP) as templates.
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Fig. 4.
Electrostatic potential of the ACBP domains from human ACBD3 (left) and ACBD1 (right),
superimposed with a stick representation of the palmitoyl-coenzyme A ligand (in yellow) and
backbone of bovine ACBP as a template (PDB: 1ACA) [62]. The electrostatic molecular
surfaces are colored by electrostatic potential: red, negatively charged regions, blue, positively
charged areas, and white, hydrophobic surface. The four/five residues, which are necessary for
ligand binding, are indicated in the figure [63].
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Fig. 5.
Multiple alignment of ACBD3 proteins from vertebrates. Sequences were aligned using the
ClusterW algorithm. Sequences are designated by species and were obtained from Genbank:
human (NP_073572), mouse (NP_573488), rat (AAH83877), pan (gorrila; XP_001140648),
bovine (XP_001251579), macaca (monkey; XP_001091471), Monodelphis (opossum;
XP_001368267), Gallus (chicken; NP_001026214), frog (AAI35954), and danio (zebrafish;
CAI21107). Shaded areas represent conserved amino acids. The numbers indicate amino acid
positions. Conserved amino acids are indicated by upper case letters, while less conserved
amino acids are represented by lower case letters at the foot of the alignment. The two main
domains, ACBP and GOLD, are indicated with underlines. Two putative nuclear localization
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signals are boxed in red. The five putative acyl-CoA ligand-binding residues are marked with
arrowheads. The green boxes indicate the N0 isoform of D-AKAP1 targeting domain 1–30,
human PAP7 peptide residue 68–97, the dual type I and type II domain (317–338) of D-
AKAP1, and hPAP7 238–259. Green arrows indicate conserved sites, as shown previously.
The purple arrow indicates the location of cys463 in human ACBD3 that interacts with
golgin-160-(140–311) in a redox dependent reaction.
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Fig. 6.
Neighbor-joining (NJ) trees of the ACBP domain, the GOLD domain from ACBD3 proteins,
and other domain-containing proteins. A. ACBP domain-containing proteins. ACBP domain-
containing proteins (other than ACBD3) are in a compressed branch with a strong bootstrap
support (99% from 1000 resamplings). B. GOLD domain-containing proteins. The EMP24
family (integral membrane components of endoplasmic reticulum-derived COPII-coated
vesicles) is clearly in a separated compressed clade in this NJ tree, suggesting that the two main
branches are present in the GOLD/EMP24 family. The number at each node represents the
percentage of NJ bootstrap values from 1000 replicates. The estimated genetic distance is
proportional to the horizontal length of each branch. The GenBank accession numbers and
other abbreviations used here are listed in Table 2.
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Fig. 7.
Redistribution of ACBD3 after MA-10 cells were treated with hCG (2), H-89 (3), and hCG/
H-89 (4). The MA-10 cells transfected with plasmid ACBD3-eGFP without any treatment was
used as control (1). The vesicle docking protein p115 was used as a marker of Golgi body,
while DAPI staining marked the nucleus.
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Fig. 8.
ACBD3, a central node in steroidogenesis. A. Gene networks were constructed through the
IntNetDB server (http://hanlab.genetics.ac.cn/IntNetDB.htm) and visualized by BioLayout
(http://www.biolayout.org) using human ACBD3 (Gene ID: 64746), TSPO (Gene ID: 706),
and PRKAR1A (Gene ID: 5573) genes as probes, respectively. B. A 3D graph of the ACBD3
gene network, with collapsed TSPO- and PRKAR1A- groups. Steroid and cholesterol
synthesis-related genes (in green) in the ACBD3 gene network: STAR, steroidogenic acute
regulatory protein; SCP2, sterol carrier protein 2; FDFT1, farnesyl-diphosphate
farnesyltransferase 1 (squalene synthase); NSDHL, NAD(P) dependent steroid
dehydrogenase-like; LSS, lanosterol synthase (2,3-oxidosqualene-lanosterol cyclase); IDI1,
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isopentenyl-diphosphate delta isomerase 1; STARD3, StAR-related lipid transfer (START)
domain containing 3; HSD17B7, hydroxysteroid (17-beta) dehydrogenase 7; HSD17B12,
hydroxysteroid (17-beta) dehydrogenase 12; HSD17B8, hydroxysteroid (17-beta)
dehydrogenase 8; CYB5R4, cytochrome b5 reductase 4 (N-terminal cytochrome b5 and
cytochrome b5 oxidoreductase). Hormone nuclear receptor (in dark blue): NR0B1, nuclear
receptor subfamily 0, group B, member 1. Acyl coenzyme-related: DBI, diazepam binding
inhibitor (GABA receptor modulator, acyl-Coenzyme A binding protein); BACH (ACOT7),
acyl-CoA thioesterase 7 (brain acyl-CoA hydrolase). Golgi proteins: BLZF1, basic leucine
zipper nuclear factor 1 (JEM-1). Lipid degradation: AZGP1, alpha-2-glycoprotein 1, zinc-
binding. Emp24 family (in yellow): TMED1, transmembrane emp24 protein transport domain
containing 1; TMED9, transmembrane emp24 protein transport domain containing 9; TMED5,
transmembrane emp24 protein transport domain containing 5; TMED3, transmembrane emp24
protein transport domain containing 3; RNP24, transmembrane emp24 domain trafficking
protein 2 (transmembrane emp24 domain trafficking protein 2); TMED7, transmembrane
emp24 protein transport domain containing 7; FYCO1, FYVE and coiled-coil domain
containing 1.
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Fig. 9.
ACBD3-mediated signaling pathway and cellular regulation. Following release after Golgi
fragmentation, ACBD3 interacts with several other signaling molecules. ACBD3 then
regulates diverse cellular processes, including steroidogenesis, iron homeostasis, apoptosis,
and neurogenesis. ACBD3 serves as an intermediate, and may be involved in the signaling
protein complex related to steroidogenesis and NMDA receptor-mediated iron homeostasis.
ACBD3 holds a Golgi 160 fragment and numb protein within the cytoplasm. ACBD3 then
regulates cell apoptosis and neurogenesis. Mt, mitochondria; TSPO, translocator protein, 18
kDa; PRKAT1A, protein kinase, cAMP-dependent, regulatory, type I, alpha (tissue specific
extinguisher 1); cAMP, cyclic adenosine monophosphate; DMT1, divalent metal transporter
1; Dexras1, a 30 kDa brain-enriched member of the Ras family of small monomeric G proteins;
SNO, S-nitrosothiol; Golgin-160 fragment, caspase cleavaged fragment of the golgin family
of Golgi-localized proteins; Numb, numb homolog (Drosophila).

Fan et al. Page 31

Prog Lipid Res. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fan et al. Page 32

Ta
bl

e 
1

C
om

pa
ris

on
 o

f A
C

B
P 

do
m

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
s i

n 
hu

m
an

s.

A
pp

ro
ve

d
G

en
e

Sy
m

bo
l

A
pp

ro
ve

d
G

en
e 

N
am

e*
N

o.
A

A
**

M
W

**
*

(k
D

a)
pI

**
**

L
oc

at
io

n
Se

qu
en

ce
A

cc
es

si
on

ID
s

Pr
ev

io
us

Sy
m

bo
ls

A
lia

se
s

Fu
nc

tio
ns

D
is

ea
se

s

D
B

I
di

az
ep

am
 b

in
di

ng
 in

hi
bi

to
r (

G
A

B
A

 re
ce

pt
or

m
od

ul
at

or
, a

cy
l-C

oe
nz

ym
e 

A
 b

in
di

ng
 p

ro
te

in
)

87
10

.0
4

6.
12

2q
12

-q
21

L7
63

66
, N

M
_0

20
54

8
A

C
B

P,
 A

C
B

D
1

st
er

oi
do

ge
ne

si
s, 

ne
ur

ot
ra

ns
m

itt
er

PE
C

I
pe

ro
xi

so
m

al
 D

3,
D

2-
en

oy
l-C

oA
 is

om
er

as
e

36
4

40
.1

8
8.

93
6p

24
.3

A
F0

69
30

1,
 M

_0
06

11
7

A
C

B
D

2,
 D

R
S1

, H
C

A
88

pe
ro

xi
so

m
al

 fa
tty

 a
ci

d 
m

et
ab

ol
is

m

he
pa

to
ce

llu
la

r
ca

rc
in

om
a,

 re
na

l-
ce

ll 
ca

rc
in

om
a

A
C

B
D

3
ac

yl
-C

oe
nz

ym
e 

A
 b

in
di

ng
 d

om
ai

n 
co

nt
ai

ni
ng

 3
52

8
60

.5
9

5.
02

1q
41

A
B

04
35

87
, N

M
_0

22
73

5
PA

P7
, G

O
LP

H
1,

 G
O

C
A

P1
PA

P7
, G

C
P6

0
ap

op
to

si
s, 

st
er

oi
do

ge
ne

si
s, 

iro
n-

ho
m

eo
st

as
is

, n
eu

ro
ge

ne
si

s

ca
nc

er
s,

tu
m

or
ig

en
es

is
,

dr
ug

 re
sp

on
se

A
C

B
D

4
ac

yl
-C

oe
nz

ym
e 

A
 b

in
di

ng
 d

om
ai

n 
co

nt
ai

ni
ng

 4
30

5
34

.7
6

5.
56

17
q2

1.
31

B
C

02
91

64
, N

M
_0

24
72

2
FL

J1
33

22
va

lp
ro

ic
 a

ci
d-

in
du

ce
d

A
C

B
D

5
ac

yl
-C

oe
nz

ym
e 

A
 b

in
di

ng
 d

om
ai

n 
co

nt
ai

ni
ng

 5
49

0
54

.7
9

5.
13

10
p1

2.
1

A
F5

05
65

3,
 N

M
_1

45
69

8
D

K
FZ

p4
34

A
24

17
, K

IA
A

19
96

ce
ll 

di
ff

er
en

tia
tio

n

A
C

B
D

6
ac

yl
-C

oe
nz

ym
e 

A
 b

in
di

ng
 d

om
ai

n 
co

nt
ai

ni
ng

 6
28

2
31

.1
5

5
1q

25
.1

B
C

00
65

05
, N

M
_0

32
36

0
M

G
C

24
04

he
m

at
op

oi
es

is
, v

es
se

l d
ev

el
op

m
en

t

A
C

B
D

7
ac

yl
-C

oe
nz

ym
e 

A
 b

in
di

ng
 d

om
ai

n 
co

nt
ai

ni
ng

 7
88

9.
79

6.
26

10
A

K
09

55
38

FL
J3

82
19

, b
A

45
5B

2.
2

tis
su

e-
sp

ec
ifi

c 
ex

pr
es

si
on

* th
e 

na
m

es
 li

st
ed

 a
re

 a
cc

or
di

ng
 to

 th
e 

H
U

G
O

 G
en

e 
N

om
en

cl
at

ur
e 

C
om

m
itt

ee
 (h

ttp
://

w
w

w
.g

en
en

am
es

.o
rg

/a
bo

ut
H

G
N

C
.h

tm
l).

**
N

um
be

r o
f a

m
in

o 
ac

id
s;

**
* M

ol
ec

ul
ar

 m
as

s;

**
**

Th
eo

re
tic

al
 is

oe
le

ct
ric

 p
oi

nt
 (p

H
 u

ni
ts

).

Prog Lipid Res. Author manuscript; available in PMC 2011 July 1.

http://www.genenames.org/aboutHGNC.html


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fan et al. Page 33

Table 2

Accession numbers of the genes used in this study

Abbreviationa Species Accession No.

Vertebrates

ACBD3 Homo sapiens NP_073572

ACBD3 Mus musculus NP_573488

ACBD3 Rattus norvegicus AAH83877

ACBD3 Pan troglodytes XP_001140648

ACBD3 Bos Taurus XP_001251579

ACBD3 Macaca mulatta XP_001091471

ACBD3 Monodelphis domestica XP_001368267

ACBD3 Gallus gallus NP_001026214

ACBD3 Xenopus laevis AAI35954

ACBD3 Danio rerio CAI21107

ACBD1-iso1 Homo sapiens NP_065438

ACBD1-iso2 Homo sapiens NP_001073332

ACBD1-iso3 Homo sapiens NP_001073331

ACBD2 Homo sapiens NP_006108

ACBD4 Homo sapiens NP_078998

ACBD5 Homo sapiens NP_001035938

ACBD6 Homo sapiens NP_115736

ACBD7 Homo sapiens NP_001034933

ACBD1-iso5 Homo sapiens EAW90652

ACBD1-iso1-mouse Mus musculus NP_001033088

ACBD1-iso2-mouse Mus musculus NP_031856

ACBD2-mouse Mus musculus NP_035998

ACBD4-mouse Mus musculus NP_080264

ACBD5-mouse Mus musculus NP_001095907

ACBD6-mouse Mus musculus NP_082526

ACBD7-mouse Mus musculus NP_084339

ACBD1-iso5-mouse Mus musculus NP_067269

EMP24_human Homo sapien NP_998766

EMP24_Pan Pan troglodytes XP_001164357

EMP24_Pongo Pongo pygmaeus Q5R9S0

EMP24_Bos Bos Taurus XP_870562

EMP24_Canis Canis familiaris XP_547929

EMP24_Rattus Rattus norvegicus XP_001061720

EMP24_Mus Mus musculus NP_001028647

EMP24_Monodelphis Monodelphis domestica XP_001374103

EMP24_Xenopus Xenopus laevis AAI06450

EMP24_Tetraodon Tetraodon nigroviridis CAG10605

EMP24_Danio Danio rerio NP_001018152

Invertebrates
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Abbreviationa Species Accession No.

ACBD3_Aedes Aedes aegypti EAT42117

ACBD3_Anopheles Anopheles gambiae XP_312883

ACBD3_Tribolium Tribolium castaneum XP_972065

ACBD3_pseudoobscura Drosophila pseudoobscura XP_001354572

ACBD3_Drosophila Drosophila melanogaster NP_608348

ACBD3_Apis Apis mellifera XP_394773

ACBD3_briggsae Caenorhabditis briggsae CAE68127

ACBD3_elegans Caenorhabditis elegans NP_001041025

ACBD3_Schistosoma Schistosoma japonicum AAW25632
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