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ABSTRACT A c¢DNA from a novel Ca?*-dependent mem-
ber of the mitochondrial solute carrier superfamily was
isolated from a rabbit small intestinal cDNA library. The
full-length cDNA clone was 3,298 nt long and coded for a
protein of 475 amino acids, with four elongation factor-hand
motifs located in the N-terminal half of the molecule. The
25-kDa N-terminal polypeptide was expressed in Escherichia
coli, and it was demonstrated that it bound Ca?*, undergoing
a reversible and specific conformational change as a result.
The conformation of the polypeptide was sensitive to Ca**
which was bound with high affinity (Kg ~ 0.37 uM), the
apparent Hill coefficient for Ca?*-induced changes being
about 2.0. The deduced amino acid sequence of the C-terminal
half of the molecule revealed 78% homology to Grave disease
carrier protein and 67% homology to human ADP/ATP trans-
locase; this sequence homology identified the protein as a new
member of the mitochondrial transporter superfamily. North-
ern blot analysis revealed the presence of a single transcript
of about 3,500 bases, and low expression of the transporter
could be detected in the kidney but none in the liver. The main
site of expression was the colon with smaller amounts found
in the small intestine proximal to the ileum. Immunoelectron
microscopy localized the transporter in the peroxisome, al-
though a minor fraction was found in the mitochondria. The
Ca?* binding N-terminal half of the transporter faces the
cytosol.

Peroxisomes and mitochondria are the two organelles present
in mammalian eukaryotic cells for which an evolutionary
endosymbiotic origin has been proposed (1, 2). Both organelles
share a set of similar metabolic pathways, are the site of
cellular oxygen consumption, and have similar macromolecu-
lar components and membrane phospholipid compositions (3).
Mitochondria, in contrast to peroxisomes contain their own
DNA and are surrounded by a double membrane rather than
a single one. Despite the existence of mitochondrial DNA,
most proteins are coded for by nuclear genes, synthesized on
free cytosolic polysomes and subsequently posttranslationally
sorted to their final mitochondrial location (for a review, see
ref. 4). In principle, the same applies for peroxisomal proteins
although much less is known about protein import in this
organelle (for a review, see ref. 5).

The mitochondrial inner membrane contains three different
major classes of proteins: the electron transport chain complex,
the ATP synthase complex, and the mitochondrial solute
carriers. The first two complexes originated at the prokariotic
level whereas the mitochondrial solute carriers must have
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developed when the ancestor prokaryote became symbiotic in
the eukaryotic cell as they fulfill a new demand of the
eukaryote for intensive traffic of metabolites between the
cytosolic and matrix space (6).

ATP-binding cassette transporters are located in the per-
oxisomal membrane (7, 8). Although permeability of the
peroxisomal membrane for hydrophilic molecules up to 800 Da
(9) was originally proposed, more recent work, performed
under in vivo conditions, has questioned this (10) and implied
the existence of transporters. Two prominent members of the
ATP-binding cassette transporter family are the peroxisomal
membrane protein of 70 kDa and the adrenoleukodystrophy
protein (11, 12). Defects in both are known to be responsible
for human metabolic diseases like Zellweger syndrome and
X-linked adrenoleukodystrophy (11, 13). Another integral
peroxisomal membrane protein in yeast (Candida boidinii),
named Pmp47, has been identified as a member of the
mitochondrial solute carrier family (14). The function of
Pmp47 is related to oleate metabolism, but its loss causes a
severe defect in the translocation and folding of a peroxisome
matrix protein and finally in peroxisome proliferation (15).
The fact that both organelles use solute carriers of the same
superfamily underlines the close relationship between mito-
chondria and peroxisomes. Moreover it raises the possibility
that a mutation in a solute carrier located in human peroxi-
somes could be the cause of a genetic disease with as severe
effects as in Zellweger syndrome and adrenoleukodystrophy.

MATERIALS AND METHODS

Isolation of RNA. RNA was isolated from frozen pulverized
tissue of adult rabbit by the acid/guanidinium/thiocyanate
method (16). Intestinal RNA was extracted from enterocytes,
which were scraped from the luminal side of washed intestine
with a microscope slide and frozen directly in liquid nitrogen.
The PolyATract mRNA isolation system from Promega was
used for the isolation of mRNA.

Construction and Screening of a cDNA Library from En-
terocytes. A directional cDNA library was made with poly(A)-
enriched RNA from rabbit small intestinal enterocytes and the
Superscript cDNA cloning system of Life Technologies (Pais-
ley, Scotland). The library in the pSPORT vector contained
about 1 X 10° independent clones with an average size of 2.6
kb.

The library was screened by colony hybridization using a
nick-labeled rat SCP-II cDNA as probe (a generous gift of K.
Wirtz, Centre for Biomembranes and Lipid Enzymology,
Utrecht, The Netherlands). The final wash was performed with
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0.1x NaCl/citrate at 65 C°. A 5’ extension of the cDNA, DNA
sequencing, and sequence analysis was performed as described
17).

Expression and Purification of the N-Terminal Fragment.
Two primers and the full-length cDNA were used in a PCR to
generate a DNA fragment of the N terminus of the Ca?*-
dependent mitochondrial carrier according earlier work (18).
After sequencing the fragment was cloned in Ndel/EcoRI-cut
pET 28a(+) (Novagen) to produce the final construct with a
His-tag at the N terminus. Escherichia coli strain BL21(DE3)
was transfected with the final construct. The purification of the
polypeptide was essentially done according to the recommen-
dation of the manufacturer of the His-binding Kit (Novagen).

PAGE, 4Ca?*-Overlay Assay. SDS/PAGE was performed
on a 15% gel. After blotting onto a polyvinylidene fluoride
membrane Ca?*-binding to the N-terminal fragment was
analyzed with 0.1 mCi (1 Ci = 37 GBq) ¥*Ca?* in an imidazole-
HCI buffer (pH 6.8) according to Maruyama et al. (19).

Circular Dichroism (CD). CD spectra were measured with
a Jasco J-600 spectropolarimeter equipped with a thermo-
stated cell block. Each spectrum was accumulated at least four
times, and cells of path length of 0.05 cm for far-UV and 1 cm
were used for near-UV measurements, respectively. The ti-
tration of mean residue ellipticity intensity of the Ca?*-
dependent carrier with increasing concentrations of Ca?* was
performed in the presence of Ca?t/EGTA mixture, 100 mM
KCl, and 10 mM Mops (pH 7.2) at 20°C (Calcium Calibration
Buffer Kit I, Molecular Probes). Protein solutions were de-
salted on PD-10 columns (Pharmacia) equilibrated either with
solution A (zero free calcium buffer) containing 10 mM
EGTA, 100 mM KCl, 10 mM Mops (pH 7.2), or solution B
(39.8 uM free calcium buffer) containing 10 mM Ca?*/
EGTA, 100 mM KCl, 10 mM Mops (pH 7.2) (20). Identical
protein concentrations of 0.13 mg/ml in both solutions were
obtained by measuring the absorbance at 280 nm and diluting
with the corresponding Ca?* buffers. The free Ca?* concen-
tration was calculated as shown in the protocol provided by
Molecular Probes. Calcium titration data were fitted with the
Hill equation: E = Ey + AE(K,[Ca?*])"/{1 + (K [Ca?*])"}
using a steepest descent fitting algorithm (20). Ey and AE are
the initial mean residue ellipticity and maximal change in mean
residue ellipticity, respectively; K, is the apparent binding
constant; and n is the Hill coefficient. The mean residue
ellipticity intensity for the titration curve at 280 nm wavelength
was normalized by taking the fitted values for E¢ and AE as 0
and 1, respectively.

Immuno-Electron Microscopy. Polyclonal antibodies
against the N-terminal fragment used for the CD measure-
ments were raised in guinea pig. Small intestine was cryoim-
mobilized by high-pressure freezing immediately after excision
(21). For immuno-electron microscopy the frozen samples
were freeze-substituted in ethanol containing 0.5% uranylac-
etate (22) and finally embedded in London resin (LR)-gold at
—18°C (Polyscience, Munich). Ultrathin sections were labeled
according to the procedure of Schwarz (23). The sections were
incubated with the 1/100 diluted serum for 60 min. As gold
label 10 nm protein A-gold (dilution 1/100, a generous gift
from H. Schwarz, Max-Plank-Institut fiir Entwicklungsbiolo-
gie, Tibingen, Germany) was applied for 60 min. Control
sections were incubated in the presence of preimmune serum
or only in the presence of gold-labeled protein A. The sections
were stained with uranylacetate and lead citrate (24).

Preparation of a Mitochondrial Fraction and Proteolytic
Digestion. Fresh enterocytes from rabbit small intestine were
used for the preparation of a mitochondrial fraction. The cells
were suspended in 0.225 M mannitol, 0.075 M sucrose, 0.5 mM
EDTA, and 0.5 mM Tris (pH 7.4) and homogenized according
to Smith (25). The homogenate was centrifuged at 800 X g for
10 min and the supernatant centrifuged at 8,000 X g for 8 min.
The pellet was resuspended in the same buffer without EDTA
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and centrifuged once more at 8,000 X g. The last pellet was
resuspended in a small volume. The intactness of the mito-
chondria was checked using an O, probe cell. Freshly prepared
mitochondrial fractions were subjected to proteolysis with
Arg-C endoprotease (Boehringer Mannheim) at 37°C for 1 h.
The ratio between total protein and protease was 4:1 (wt/wt).
The reaction was stopped by addition of an equal volume of
20% (wt/vol) SDS, 50% (vol/vol) glycerol, 25% 2-
mercaptoethanol, and traces of bromophenol blue preheated
to 100°C and heated for another 2 min at 100°C. Aliquots were
electrophoresed on a 10% PAGE and transferred to a poly-
vinylidene difluoride membrane. Immunostaining was per-
formed as described (26).

RESULTS

Full-Length Cloning and Sequencing of a Novel Ca’*-
Dependent Transporter. Our initial aim was to isolate a
membrane-bound derivative of sterol carrier protein 2 (SCP-
2), suggested by earlier work in our group (26). For this
purpose, a pSPORT-cDNA library exceeding 2,000 bases was
constructed with mRNA from enterocytes, and the library was
screened with a SCP-2 cDNA from rat. Based on partial
sequence analysis, we confirmed that all eight positive clones
contained one SCP-2-like sequence. One of the clones con-
tained an additional cDNA (E) at the 5’ end of the SCP-2
sequence. The coding region of the additional sequence was
separated from the SCP-2 cDNA by a poly(A) tail and a long
untranslated region. Therefore we concluded that this cDNA
was not related to SCP-2 and that the merger of both cDNAs
occurred artificially during the preparation of the plasmid
library. Partial sequencing of this cDNA revealed a unique
motif composition and it was decided to complete the cloning
of this cDNA. The full-length cDNA (3,298 nt) has been
termed Efinal. The single open reading frame started at
nucleotide 14 and encoded a protein of 475 amino acids (53
kDa). At nucleotide 1439, a termination codon was followed
by a 1,859-bp 3’ untranslated sequence. A consensus polyad-
enylylation signal was located 18 bases before a poly(A) tail.
The sequence surrounding the initial in-frame ATG is in good
agreement with the consensus sequence defined for start
codons (27), and the length of the full-length clone corre-
sponded well with the mRNA size of about 3,500 bases
detected by Northern blot analysis.

Computer Analysis of the Primary Sequence. Searching the
Swiss protein database with the deduced amino acid sequence
of Efinal revealed relationships with two different proteins.
Residues 27-150 of the Efinal sequence and troponin C from
Japanese horseshoe crab (28) share 28% identical amino acids
with an additional 49% of conservative substitutions. In this
region, three well-conserved Ca?*-elongation factor (EF)-
hand binding loops are located (Fig. 1). A fourth, not so well
conserved EF-hand motif spans amino acids 134-146. The C
terminus (Fig. 1), starting from amino acid 194, is related to
Grave disease carrier protein (30). Here, 39% of the amino
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F16.1. Schematic drawing of the protein and the comparison of the
EF-hand motifs. (4) The location of the EF-hand motifs and the
mitochondrial solute carrier structure are indicated. A scale for 100
amino acids is given. (B) The EF-hand sequences (EF) are shown in
comparison to their consensus sequence drawn from ref. 29.
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acids are identical with another 39% conserved substitutions.
When compared with human ATP/ADP carrier protein from
liver (31), the identity drops to 27% with additional 40%
conserved substitutions. The deduced protein sequence of the
C-terminal half was analyzed by Kyte and Doolittle algorithm.
The hydropathy profile of the C-terminal half of the protein
revealed six stretches rich in hydrophobic amino acids (data
not shown). A similar pattern can be found in other mitochon-
drial solute carriers (32).

Tissue Distribution by Northern Blot Studies. Northern blot
analysis was performed on RNA isolated from different rabbit
tissues to study the tissue specificity of the Efinal gene
transcript. The size of the single transcript was 3,500 bp. The
autoradiographs of the same Northern blot probed with the 5’
half, 3’ half, or the full-length Efinal were superimposable
(data not shown).

As shown in Fig. 2, no hybridization with RNA from liver,
muscle, heart, esophagus, stomach, spleen, testes, and brain
was detected. Colon was the tissue with the highest expression
rate, followed by small intestine and kidney. In the small
intestine the expression rate of the Efinal gene transcript was
lowest in duodenum and increased toward the distal part of the
intestine.

Ca?* Binding. The proposed Ca?*-binding ability of the
gene product was tested with a recombinant polypeptide of 25
kDa, which spans all four EF-hand like domains (Fig. 1). The
polypeptide was expressed in E. coli and purified to homoge-
neity (Fig. 34). The calcium-binding ability of the polypeptide
was demonstrated with a Ca?*-overlay method. As shown in
Fig. 3, the N-terminal polypeptide of 25 kDa exhibits a strong
affinity to calcium even in the SDS denatured state. The
sensitivity of its conformation to calcium was investigated
spectroscopically. The near-UV CD spectrum of the fragment
comprises a broad envelope of intensities in the 250-295 nm
spectral range (Fig. 44). The protein sequence contains nine
phenylalanine, three tyrosine, and four tryptophan residues
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Fic. 2. Expression of the Ca?*-dependent mitochondrial solute
carrier in rabbit tissue. (4) Total RNA samples from nine segments
from the small intestine; proximal (lane 1) through distal (lane 9), and
(B) RNA samples from esophagus (lane 1), stomach (lane 2), liver
(lane 3), spleen (lane 4), skeletal muscle (lane 5), heart (lane 6), lung
(lane 7), testes (lane 8), brain (lane 9), kidney (lane 10), and colon
(lane 11) were hybridized with the probe for the Ca?*-dependent
mitochondrial solute carrier. The amounts of RNA were verified by
visualizing the 28S and 18S rRNA bands in the agarose gels after
staining with ethidium bromide (data not shown). The position of the
28S and 18S rRNA species are indicated.
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F1G. 3. Purity of the expressed N-terminal polypeptide and its
ability to bind calcium. (4) Coomassie brilliant blue stained SDS/15%
PAGE. Shown is E. coli lysate before (lane 1) and after induction (lane
2) with isopropyl B-D-thiogalactopyranoside. In lanes 3 and 4, 2 and 5
pg of purified fragments were loaded. (B) Autoradiograph of the
proteins as shown in A transferred on a polyvinylidene difluoride
membrane and labeled with 4Ca?" as described.

and, without detailed spectroscopic study, it is impossible to
assign the intensities to specific residues. In the absence of
Ca?", qualitatively tryptophan and probably tyrosine provide
major contributions, whereas the low wavelength region may
have components due to phenylalanine. The effect of Ca®* on
the spectrum is marked, even in the low nM range, as shown
in Fig. 44. The changes that occur are complete around 7 uM
and are indicative of considerable environmental reorganiza-
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FIG. 4. Effect of Ca®* on the near-UV (4) and far-UV (B) CD
spectra of the Ca?"-dependent carrier. (4) The initial spectrum at zero
free [Ca?*] was taken in 10 mM KoEGTA, 100 mM KCl, and 10 mM
Mops (thick solid line). For the subsequent spectra, several mixtures
containing different free calcium concentrations (0.15-7.34 uM) were
used. These were prepared as described (20). (B) The same procedure
was used to obtain the far-UV spectra at zero free [Ca2*] (thick solid
line) and 40 uM free [Ca™] (thin solid line).
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tion of some, or all, of the aromatic residues. The positive
intensity completely disappears and is replaced by two signif-
icant negative signals at around 283 and 289 nm which are due
to one (or more) of the constituent tryptophan side chains.
The far-UV spectrum (Fig. 4B) in the absence of Ca?* is
typical of that of a protein containing substantial a-helical and
disordered components (33). As the Ca?>* concentration is
raised, changes, concomitant with those in the near-UV
region, are seen in the spectrum. At saturating Ca?* concen-
trations there are changes in the form of the spectrum,
qualitatively reminiscent of a diminution of the disordered
conformation and suggestive of an increase in, or appearance
of, a B-sheet component. This taken together with the far-UV
CD spectra suggests that a major conformational change
occurs on Ca?* binding. The effect of Ca?* on the spectra
could be reversed with EGTA, while addition of Mg?* did not
affect the CD spectra. To define the range over which Ca?*
affected the conformation the polypeptide was titrated with
Ca?*. The initial measurements were performed in the pres-
ence of EGTA, and subsequent titration was performed using
Ca?"/EGTA buffers with known free Ca?" concentrations.
The data on changes of mean residue ellipticity intensity of the
Ca?*-dependent carrier were plotted as a function of free
[Ca"]. The resulting sigmoid curve was fitted by the Hill
equation, as described in Material and Methods, yielding a K4
~ 0.37 uM and an apparent Hill coefficient of about 2.0.
Subcellular Location and Topology. The 25-kDa polypep-
tide used for the CD measurements was injected into guinea
pigs to raise polyclonal antibodies. In immunogold labeled
sections of enterocytes (Fig. 54) the protein was mainly
detected in peroxisomes, although some label could be found
in mitochondria. Other organelles and structures of the en-
terocyte were not labeled. This result was confirmed by
immunogold-labeled sections of the sediment of a mitochon-
drial fraction, which contained a substantial amount of per-
oxisomes (Fig. 5B). Why the gold label was not restricted to the
membranes but was also present in the matrix of mitochondria
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and peroxisomes is not known but, as is shown in Fig. 6, the
antiserum specifically labels a protein of 53 kDa in mitochon-
drial fractions. This size is the same as the calculated molecular
weight of the Efinal gene product. To define the location and
topology of the protein, mitochondrial fractions were digested
with Arg-C protease according to the method used to deter-
mine the topology of ADP/ATP translocase (34, 35). Nor-
mally, the ADP/ATP transporter is resistant to Arg-C pro-
tease cleavage but, if located in inside out mitoplasts, Arg-C
cleaves at Arg-140 and/or Arg-152 and creates a 14.5-kDa
fragment. Arg-140 is conserved in our 53-kDa transporter at
position 314. If the N terminus of our protein faced the inside
of peroxisomes, Arg-C should cleave at the conserved Arg-314
and create a proportional amount of an immuno-detectable
fragment of 38 kDa. As shown in Fig. 64, upon digestion with
Arg-C, no fragment with a molecular weight around 38 kDa
appeared. As there are 7 arginines in the 28-kDa polypeptide
that precedes the first membrane-spanning amino acid se-
quence digestion produces fragments of less than 9 kDa. This
result indicates that our protein is localized predominantly in
the peroxisomal membrane with the N-terminal Ca?*-binding
domain facing the cytosol (Fig. 6B). The rest of the scheme
shown in Fig. 6B is based on the topology of the ADP/ATP
transporter (34, 35) and the hydropathy profile derived from
the Kyte and Doolittle analysis.

DISCUSSION

This study describes the complete nucleotide and derived
amino acid sequence of a novel Ca?"-dependent member of
the mitochondrial transporter superfamily. The possible role
of this protein as Ca?* buffer can be ruled out due to the low
abundance of its mRNA in any tissue. Based on the sequence
homologies with other cytosolic Ca?* sensors like calmodulin
and troponin C, a role for the N terminus as a Ca?* sensor is
most appealing. In this context, a possible function for the C

280 nm -

FIG. 5. Localization of the Ca?*- dependent solute carrier. Shown is the immunogold labeling of a section of an enterocyte of a villus from
rabbit ileum (A4) and a section through a sediment of a mitochondrial fraction (B). Immunogold label is found mainly in peroxisomes (per), but
to some extent also in mitochondria (mi). Microsomal membranes (ms) carry no gold label (B). Freeze-substitution and LR-gold embedding have

been described.
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FiG. 6. Topology of the Ca?*- dependent solute carrier. (A4)
Immunoblotting of 15 ug mitochondrial fraction protein before (lane
1) and after (lane 2) digestion with Arg-C protease is shown. The
polyclonal antibodies were generated against a 25-kDa N-terminal
polypeptide of the transporter. Note that with the disappearance of the
53-kDa transporter no proportional appearance of a fragment sized
between 28 and 53 kDa occurs. Thus, externally administered pro-
teases have access to the N terminus of the transporter. The apparent
molecular masses of marker proteins are indicated; the procedure has
been described in Materials and Methods. (B) Schematic drawing of a
possible transmembrane arrangement of the Ca?*-dependent solute
carrier based on our topology studies is shown. The EF-hand motifs of
the Ca?*-binding N terminus are indicated. The model is based on the
topology of the ADP/ATP transporter (34, 35).The N-terminal and
C-terminal regions are exposed to the cytosol and the segment
containing Arg-314 (Rz14) protrudes into the matrix. The size of the
entire protein (53 kDa), the N terminus exposed to the cytosol (28
kDa), and of a fragment produced by cleavage at Arg-314 (38 kDa) are
indicated.

terminus might be to transduce the Ca?* signal to the perox-
isomal or mitochondrial matrix by the transport of a solute.
The C-terminal half of a Ca?*-dependent mitochondrial
transporter shows 78% homology with Grave disease carrier
protein (30, 36, 37) and 67% homology with human ADP/ATP
carrier protein. Adrian er al. (38) determined amino acid
sequences from the ADP/ATP carrier that are required for the
delivery and location of the transporter in the inner mitochon-
drial membrane. In this region the ADP/ATP transporter and
our protein exhibit 50% identity on the amino acid level. This
level of identical amino acids reflects the requirement that a
membrane-spanning domain of a protein has to fit a specific
membrane (39). Because the difference between the inner-
mitochondrial and the peroxisomal membrane is only mar-
ginal, solute carriers for both organelles can exhibit a similar
membrane-spanning amino acid sequence. A more important
aspect of the location of a protein are organelle-specific
targeting sequences. The C-terminal serine-lysine-leucine
(SKL) sequence (40) was the first recognized peroxisomal
targeting sequence. It is not present in the primary sequence
of our transporter. The same applies for the yeast Pmp47
protein (15), another solute carrier localized in the peroxi-
some, although an internal SKL sequence exists at position
316-318. Earlier work on Pmp47 from C. boidinii points to the
existence of an internal peroxisomal targeting sequence other
than the internal SKL triplet (41), which is contained within a
short hydrophilic loop (42). Amino acids in this loop from
Pmp47 and from our protein share 50% similarity, which is the
same degree of similarity for the entire protein sequence.
Interestingly the single conserved triplet in this loop is LKS,
the reverse sequence of the known SKL peroxisomal targeting
sequence and therefore a promising candidate for future
studies on the translocation of peroxisomal membrane pro-
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teins. The other peroxisomal targeting sequence of Pmp47 is
located at the N terminus and is in agreement with the signal
peptide of the peroxisomal 3-ketoacyl-CoA thiolase precursor
(43). In our case only the arginine at position 3 is conserved
whereas at position 10 there is a lysine instead of a histidine.
If our protein followed the rules established by Tsukamoto et
al. (44) on the N-terminal peroxisomal targeting sequence, our
protein should be located in the cytosol and not in the
peroxisome. The need for a special peroxisomal targeting
sequence for the protein could be explained by its special
topology; the 25-kDa N terminus has to face the cytosol while
the rest of the protein is embedded in the peroxisomal
membrane. A similar topology applies to the peroxisomal
ATP-binding cassette transporters that also lack both known
peroxisomal targeting sequences (45). One could speculate
that integral membrane proteins of the peroxisome with
extensive portions facing the cytosol need a special targeting
sequence for proper translocation.

Another interesting aspect for the targeting of this protein
is its apparent dual localization in mitochondria and peroxi-
somes. A similar distribution has been described for the «
subunit of the Fi-ATPase (46). In the context of a possible
transduction of a Ca?* signal to the inside of peroxisomes and
mitochondria this could lead to coordinated action of both
organelles. However, the question as to whether the protein
exists in one form or in two isoforms with different targeting
sequences will be the subject of future work.

The mainly hydrophobic C-terminal half of our solute
carrier is related to Grave disease carrier, for which no function
has yet been assigned (30). The most unique feature of the
solute carrier is the Ca?>" dependency. To date only a single
Ca?*-dependent mitochondrial carrier has been described (47)
but it still awaits purification or molecular cloning.

One of the aspects of peroxisomal function is the ability of
this compartment to be induced by so-called peroxisomal
proliferators. Peroxisomal proliferators form a diverse group
of chemicals, including hypolipidemic drugs, industrial plasti-
cizers, and pesticides (for a review, see ref. 48). Characteristic
of their effects in the liver is the induction of fatty acid
metabolizing enzymes (49, 50) in association with hepatomeg-
aly (51, 52). The cellular signal pathway activated by peroxi-
some proliferators depends, at least in part, on Ca?* signaling
(53). For example clofibrate-induced peroxisome proliferation
can be suppressed by calcium antagonists (54, 55). The situ-
ation is complicated by the fact that different peroxisome
proliferators mobilize Ca?* in different ways (56). To our
knowledge the Ca?*-dependent peroxisomal solute carrier is
the best candidate for a Ca?" sensor that could transduce
either generally or specifically the Ca?* signals induced by
peroxisomal proliferators, to the peroxisome.

The other main effector in the induction of peroxisomes is
the peroxisome proliferator activated receptor, which belongs
to the steroid hormone receptor superfamily (57-59). This
receptor is activated by long-chain fatty acids and regulates the
B-oxidation of fatty acids (60). In the colon, long chain fatty
acids are suspected to be tumor promoters. The y-isoform of
this receptor and our solute carrier are both expressed in the
colonocytes facing the lumen of the colon (data not shown).
One could speculate that the coordinated action of both
proteins to induce peroxisome proliferation via a Ca?* signal
and the onset of transcription prevents the accumulation of
long-chain fatty acids in colonocytes and thus prevents colon
carcinogenesis (61).
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