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the mitochondrial carnitine/acylcarnitine transport protein
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Abstract The carnitine/acylcarnitine transporter (CACT;
SLC25A20) mediates an antiport reaction allowing entry of
acyl moieties in the form of acylcarnitines into the mito-
chondrial matrix and exit of free carnitine. The transport
function of CACT is crucial for the B-oxidation pathway.
In this work, it has been found that CACT is partially
acetylated in rat liver mitochondria as demonstrated by
anti-acetyl-lys antibody immunostaining. Acetylation was
reversed by the deacetylase Sirtuin 3 in the presence of
NAD™. After treatment of the mitochondrial extract with
the deacetylase, the CACT activity, assayed in proteoli-
posomes, increased. The half-saturation constant of the
CACT was not influenced, while the V., was increased by
deacetylation. Sirtuin 3 was not able to deacetylate the
CACT when incubation was performed in intact mitoplasts,
indicating that the acetylation sites are located in the
mitochondrial matrix. Prediction on the localization of
acetylated residues by bioinformatics correlates well with
the experimental data. Recombinant CACT treated with
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acetyl-CoA was partially acetylated by non-enzymatic
mechanism with a corresponding decrease of transport
activity. The experimental data indicate that acetylation of
CACT inhibits its transport activity, and thus may con-
tribute to the regulation of the mitochondrial B-oxidation
pathway.

Keywords Membrane transport - Liposomes - Sirtuins -
Carnitine - Fatty acids - Beta-oxidation

Abbreviations

SIRT Sirtuin

BSA Bovine serum albumin

PTM Post-translational modification
CACT Carnitine/acylcarnitine transporter
LCAD Long-chain acyl-CoA dehydrogenase
CPT1  Carnitine palmitoyltransferase I
CAT Carnitine O-acetyltransferase
GSH L-Glutathione reduced

GSSG  L-Glutathione oxidized

AAC ADP/ATP carrier

NAM  Nicotinamide

PVDF  Polyvinyldifluoride membrane
NAD"' Nicotinamide adenine dinucleotide
NEM  N-Ethylmaleimide

Introduction

Protein lysine acetylation is a well-acknowledged post-
translational modification (PTM) of a huge number of
proteins in cellular regulation [1]. Enzymes, such as
acetyltransferases and deacetylases, are engaged in this
important PTM [2]. Investigations by mass spectrometry
allowed us to identify more than 6800 acetylation sites in
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human proteins among some mitochondrial carriers [3-5].
Acetylation of the citrate transporter has been recently
described [6]. Moreover, it was shown that acetylation of
mitochondrial proteins also occurs by non-enzymatic
pathway [7, 8]. Many mitochondrial proteins have been
identified to be acetylated under conditions of reduced
acetyl-CoA buffering [7]. Among the different metabolic
implications, acetylation has been recognized as a PTM
able to regulate the B-oxidation pathway. Iper-acetylation
of LCAD (long-chain acyl-CoA dehydrogenase) reduces its
enzymatic activity [9]. On this basis, it could be hypothe-
sized that other components of the B-oxidation could be
regulated by a similar PTM, such as the carnitine/acyl-
carnitine transporter (CACT), that is a putative site of
regulation of the pathway [10, 11]. Acetylated peptides
belonging to CACT are indeed present in raw data from
proteomic analyses [12]. The functional properties of this
transport protein have been defined mainly in proteolipo-
some experimental model reconstituted with both the
native protein extracted from rat liver mitochondria and the
recombinant protein obtained by overexpression in E. coli.
The transporter is inserted in a right-side-out orientation
into the proteoliposomal membrane with respect to the
mitochondrial membrane. CACT catalyzes carnitine/acyl-
carnitine and carnitine/carnitine antiports and a slower
substrate uniport. The carnitine/acylcarnitine antiport is
involved in the shuttling of acyl units from cytosolic acyl-
CoA to mitochondrial CoA. While the uniport function acts
in equilibrating the cytosolic and mitochondrial carnitine
concentrations, the substrate antiport occurs via a ping-
pong transport mechanism. The recombinant CACT
resembles all the main functional and kinetic properties of
the native protein [13—15]. Site-directed mutagenesis and
chemical labeling using SH reagents highlighted several
structure—function relationships of the CACT [14, 16]
validating the homology structural model, which was
obtained by bioinformatics on the basis of the 3D structure
of the ADP/ATP carrier (AAC) [17]. On the basis of this
model, the CACT is constituted by a bundle of six trans-
membrane hydrophobic segments delimiting a water-filled
cavity which is opened towards the cytosol (intermembrane
space) in the c-state conformation. The residues of the
substrate binding site are exposed in this cavity [13]. In the
present work, CACT acetylation and structure/function
relationships have been investigated.

Materials and methods
Materials

I-[Methyl->H]carnitine from Scopus Research BV Coster-
weg, Sephadex G-75, egg-yolk phospholipids (I-o-
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phosphatidylcholine from fresh turkey egg yolk), PIPES,
Triton X-100, cardiolipin, L-carnitine, protein G agarose,
Sirtuin 3, nicotinamide (NAM), NAD" from Sigma—
Aldrich. Antibody anti-acetyl-lys clone 4G12 were pur-
chased from Millipore. All other reagents were of analyt-
ical grade.

SDS-PAGE and western blot analysis

Polyacrylamide gel electrophoresis was performed in the
presence of 0.1% SDS (SDS-PAGE) using the method of
Laemmli [18]. Gel sizes were 8 cm x 10 cm x 0.75 mm
in thickness. An acrylamide/bisacrylamide ratio of 30:0.2
was used. Proteins were transferred to nitrocellulose
membrane (Schleicher and Schuell, PROTRAN BA 85
cellulose nitrate). After blotting, membranes were incu-
bated for 30 min with a buffer containing 3% BSA or dry
milk, 150 mM NaCl, 50 mM Tris—HC1 pH 7.0, 0.05%
Tween 20 (immunoblotting buffer). Then membranes were
incubated for 1 h with in house-produced [19] anti-CACT
antibody at a dilution of 1:1.000 in the presence of 0.5%
BSA or overnight with mouse monoclonal anti-acetyl-
lysine antibody at a dilution of 1:500 in the presence of 3%
dry milk.

Immunoprecipitation with anti-CACT or anti-
acetyl-lysine antibody

Five pg of anti-CACT or anti-acetyl-lysine antibody in
PBS buffer were incubated for 2 h at 4 °C with protein G
agarose beads for conjugation. Conjugated antibodies were
then incubated with mitochondrial or mitoplast extract
obtained by solubilization of mitochondria or mitoplasts
(1 mg protein) with 1.5% Triton X-100 in PBS buffer and
centrifugation at 16,000 x g for 15 min (the supernatant was
collected). After overnight incubation, beads were sedi-
mented by centrifugation and washed with PBS buffer five
times. Beads were then resuspended in 3x Laemmli buffer
and boiled (5 min). Proteins were then used for analysis by
western blotting and immunodecorated with anti-CACT or
anti-acetyl-lysine antibodies, in parallel samples.

Overexpression and isolation of the recombinant rat
CACT protein

Overexpression of rat CACT was obtained in E. coli and
then the protein was purified, as previously described [15].

Reconstitution of native and recombinant rat CACT
proteins in liposomes

Mitochondria were purified from rat liver by a protocol
based on homogenization and centrifugation [20].
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Mitoplasts were prepared as previously described [21]. Rat
liver mitochondria were solubilized (0.3 mg proteins in
1.5% Triton X-100) and reconstituted into liposomes using
a detergent removal method [22]. In this procedure, mixed
micelles of phospholipids, detergent, and protein were
passed several times through the same hydrophobic ion-
exchange column. The reconstitution mixture proteins were
composed of protein (about 150 pg solubilized mitochon-
drial protein), 1% Triton X-100, sonicated liposomes
(10 mg phospholipids from egg yolk) [20], 10 mM Pipes
pH 7.0, 15 mM carnitine, in 680 pl total volume. The
prepared mixture was passed 15 times through a column
(Pasteur pipette filled with 0.5 g XAD-4 Amberlite resin)
pre-equilibrated with 10 mM Pipes pH 7.0, 15 mM carni-
tine. Passages through the column were performed at room
temperature. The same method was also used for recon-
stituting the recombinant rat CACT (about 0.6 pg protein).

Transport measurements

Proteoliposomes obtained as described in “Reconstitution
of native and recombinant rat CACT proteins in lipo-
somes” section were used for transport assay. To this aim,
aliquots (550 pl) of proteoliposomes were chro-
matographed on Sephadex G-75 column (15 cm height,
0.75 cm internal diameter) for removing substrate from the
external compartment. Six hundred microliters containing
the proteoliposomes (turbid eluate) were collected, and
divided in aliquots of 100 pl for transport assay. Uptake
assay was started by 0.1 mM [*H]carnitine addition. At the
indicated time, 1.5 mM NEM (CACT inhibitor) was added
to terminate the transport reaction. The inhibitor was added
together with the [3H]carnitine (time zero) to perform
control samples. After transport had been stopped, the
external [*H]carnitine was removed by Sephadex G-75
chromatography, and the intraliposomal radioactivity was
counted by a B-counter after addition of a scintillation
cocktail. Transport values were obtained after subtracting
control values (with inhibitor added at time zero).

Results
Identification of acetylated CACT in mitochondria

As previously described, the CACT can be immunopre-
cipitated from the mitochondrial extract by an in house
produced polyclonal antibody [23]. As shown by Fig. 1,
the immunoprecipitated CACT is detected by the same
anti-CACT antibody as a band at about 32.5 kDa (Fig. 1a),
corresponding to the molecular mass of CACT [15]. The
protein is also stained by an anti-acetyl-lys antibody
(Fig. 1b), indicating that at least a fraction of the
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Fig. 1 Western blot analysis of acetylated CACT. Rat liver mito-
chondrial extract obtained as described in “Materials and methods”
section was: a immunoprecipitated by anti-CACT and immunostained
with the same antibody; b immunoprecipitated by anti-CACT and
immunostained with anti-acetyl-lysine antibody; ¢ immunoprecipi-
tated by anti-acetyl-lysine and immunostained with anti-CACT
antibody. The image is representative of at least two independent
experiments. Migration of molecular mass standards is indicated by
arrows

transporter molecules is acetylated. The CACT can also be
immunoprecipitated by the anti-acetyl-lys antibody, as
demonstrated by staining of this preparation with anti-
CACT antibody (Fig. 1c). These data confirm the presence
of acetylated CACT in mitochondria. Some bands at higher
molecular mass are immunostained together with the
CACT monomer; these bands might correspond to the
heavy chain of the antibody or to a dimeric form of CACT.
To verify whether CACT could be enzymatically
deacetylated, CACT, extracted from mitochondria as in the
experiment of Fig. 1, was incubated with SIRT3. After
immunoprecipitation, no apparent variation of staining
with the anti-acetyl-lys antibody was observed (not
shown). It is known that deacetylation mediated by SIRT3,
in vivo, is dependent on NAD™ [24]. Therefore, the SIRT3
treatment was performed together with NADY, in the
presence or absence of the SIRT inhibitor NAM [24], and
immunostained with anti-acetyl-lysine or with anti-CACT
antibody, as control. Pretreatment of solubilized mito-
chondria with SIRT3, NAD™, and NAM before immuno-
precipitation resulted in a band immunostained by the anti-
acetyl-lys antibody, similar to the untreated control
(Fig. 2a, lanes 1 and 2). Upon treatment of the CACT with
SIRT3 in the presence of NAD™ but not of the inhibitor
(Fig. 2a, lane 3), immunostaining with the anti-acetyl-lys
was virtually abolished. In all the lanes, i.e., without or
with treatments, the protein was clearly recognized by the
anti-CACT antibody indicating the presence of comparable
protein amounts (Fig. 2a, lower panel). This result indi-
cated that the CACT was mostly deacetylated by SIRT3 in
the presence of NAD™ and that the deacetylation reaction
was inhibited by NAM. To ascertain whether the expected
acetylation sites protrude towards the mitochondrial matrix
or the intermembrane space of mitochondria, rat liver
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Fig. 2 CACT deacetylation by SIRT3 and localization of acetylated
sites. a Protein extract of rat liver mitochondria was incubated at
4°C, 1h with no enzyme (lane 1), 3 pg SIRT3 + 5 mM
NAD" 4+ 10 mM NAM (lane 2), or 3 pg SIRT3 + 5 mM NAD*
(lane 3) and then immunoprecipitated with anti-CACT as described in
“Materials and methods” section. Western blot analysis of the
samples was performed with anti-acetyl-lysine (upper panel) or with
anti-CACT (lower panel) antibodies, in parallel samples. b Intact
mitoplasts (lane I) or mitoplasts solubilized with Triton X-100 (lane
2) were incubated with 3 pg SIRT3 + 5 mM NAD™. Western blot
analysis of mitoplast extract immunoprecipitated with anti-CACT and
immunostained with anti-acetyl-lysine antibody (upper panel) or with
anti-CACT antibody (lower panel), in parallel samples. The image is
representative of at least two independent experiments. Migration of
molecular mass standards is indicated by arrows

mitoplasts (mitochondria without outer membrane) were
treated with SIRT3. After washing, mitoplasts were solu-
bilized and the protein extract subjected to immunopre-
cipitation with anti-CACT antibody. Figure 2b shows the
results obtained by immunostaining with both antibodies.
The data demonstrates that CACT was still acetylated after
treatment of intact mitoplasts with SIRT3, i.e., the enzyme
could not reach the acetylation site(s) (Fig. 2b, lane 1). As
a control, mitoplasts were solubilized before treatment with
SIRT3. In this case, the protein was deacetylated (Fig. 2b,
lane 2), as expected and in agreement with data in Fig. 2a.
The presence of comparable amounts of CACT under both
the conditions was tested by the anti-CACT antibody
(Fig. 2b, lower panel). Therefore, the acetylated lys resi-
dues are located in a protein moiety, which is not acces-
sible from the intermembrane space, i.e., these residues are
exposed towards the matrix. The results are also in
agreement with the acetylome of PhosphoSitePlus database
[12], indicating acetylation of K148, K157, K170, and
K244 of CACT on the basis of raw proteomic data. To gain
further insights in the structure/function relationships of the
acetylation of lys residues, the structural model of CACT
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has been employed. On the basis of the model, the protein
is constituted by six hydrophobic o-helices crossing the
membrane and surrounding a central hydrophilic cavity
where the substrate binds to the residues R275, D179,
R178, and H29. Hydrophilic a-helices h34 and h56 located
in the matrix connect the hydrophobic o-helices H3—H4
and H5-H6 [13, 25, 26]. The lys residues K148, K157, and
K244 are located in the hydrophilic loops h34 and h56 of
the CACT which connects the a-helices H3—H4 and H5-
H6, respectively; K170 is located at the matrix end of the
o-helix H4 (Fig. 3a, b). These residues protrude towards
the matrix and are far from the substrate binding site,
whose residues are located at about the midpoint of the
membrane, in the water-filled cavity. Moreover, the lys
residues targets of acetylation are located on the matrix
surface of the protein and protrudes towards the aqueous
environment, as shown in Fig. 4a, b, thus being suitable for
chemical modification by intramitochondrial acetyl-CoA.
On the contrary, these residues are not accessible from the
intermembrane space, as highlighted by the front view of
the transporter showing the water-filled cavity where the
residues responsible for substrate binding, but not respon-
sible for acetylation, are visible (Fig. 4c).

Effect of acetylation on CACT function

The possible consequences of acetylation on the CACT
function have been investigated in proteoliposomes. Fig-
ure S5a shows the transport activity associated to the mito-
chondrial protein extract, pretreated or not with SIRT3 and
then reconstituted in proteoliposomes. Transport was
specifically measured as carnitine antiport (see “Materials
and methods” section and Ref. [16]). Activity of samples
pretreated with SIRT3 increased with respect to the control
(Fig. 5a), indicating that acetylation of CACT impairs its
function. The acetylated transporter exhibits a transport
activity about half that of the deacetylated protein or of the
protein treated with SIRT3 in the presence of NAD.
Transport at equilibrium, which is proportional to the
fraction of active proteoliposomes, i.e., liposomes harbor-
ing active transporters, is strongly impaired by acetylation.
The resulting transport rate, calculated as the product of
k (first order rate constant) and transport at equilibrium, is
also impaired in the case of acetylated protein. The values
are: 0.43 £ 0.094 or 1.04 & 0.18 pmol min~' g protein™"
for the acetylated or deacetylated protein, respectively.
These data indicate that a fraction of the protein might be
inactive. Kinetic analysis was performed by following
transport rate of acetylated or deacetylated proteins in
proteoliposomes, as dependence of substrate concentration.
Data reported according to double reciprocal, plots
(Fig. 5b), indicated that half-saturation constant of the
protein for substrate was not substantially influenced by the
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Fig. 3 Structural model of A
acetylated residues of CACT.

a Ribbon diagram of the CACT
structural model from lateral or
b from bottom (matrix) view.
The homology model was
constructed using the structure
of the bovine ADP/ATP carrier
[17] as template and the
computer application Swiss
PDB viewer as previously
described [29]. The protein is
constituted by six
transmembrane o-helices
depicted in gray-white, which
surround a central cavity where
the substrate binds. Matrix o-

helix loops h34 and h56 (in dark
gray) connect, respectively, o-
helices H3-H4 and H5-H6.
Mitochondrial inner membrane
is represented by black lines.
Highlighted residues are
numbered. The residues of the
active site are H29, R178, D179,
and R275; the putative
acetylation sites are K148, B
K157, K170, and K244

PTM, their values were 0.36 £ 0.031 or 0.46 £ 0.10 mM,
respectively. While the Vi, of the acetylated protein was
about one-third (1.7 & 0.20 pmol min~' g protein™")
compared to that of deacetylated one
(5.1 £ 0.75 pmol min~"' g protein~'). These data are
again in agreement with that of Fig. 5a, indicating that the
acetylated fraction of the protein is inactive. The behavior
of acetylation is, indeed, analogous to that of a non-com-
petitive inhibitor. As previously reported, acetylation could
occur by non-enzymatic reaction of proteins with acetyl-

Cytosolic side

Matrix side

CoA [7, 8]. To test possible occurrence of non-enzymatic
acetylation, the recombinant CACT, which is acetyl-free,
was employed (Fig. 6). Moreover, the recombinant CACT
protein preparation does not contain any other contaminant
that might influence the acetylation reaction. After incu-
bation of CACT with acetyl-CoA and reconstitution in
proteoliposomes, transport activity decreased from about
25% at equilibrium (Fig. 6a). Transport rates were calcu-
lated as the product of k (first order rate constant) and
transport at equilibrium in the two different conditions.
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Fig. 4 Surface exposure of
acetylated residues of CACT.

a Space-filled diagram of the
CACT structural model from
side (membrane) view,
corresponding to the view of
Fig. 3a. Mitochondrial inner
membrane is represented by
black lines. b Space-filled
diagram of the CACT structural
model from bottom (matrix
side) view as highlighted by the
cartoon. The residues of the
putative acetylation sites are
highlighted and numbered.

¢ Space-filled diagram of CACT
from fop (cytosolic/
intermembrane space side) view
as highlighted by the cartoon;
the residues of the active site are
highlighted and numbered. The
homology model was
constructed as described in

Fig. 3
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Fig. 5 Effect of CACT acetylation on transport function. a Transport
was measured as described in “Materials and methods” section
adding measuring [*H]carnitine/carnitine antiport in proteoliposomes
reconstituted with mitochondrial extract incubated in the absence
(white circle) or in the presence of SIRT3 + NAD' 4+ NAM (black
circle) or SIRT3 + NAD™ (white square). In black circle and white
square the reagents were added to the solubilized mitochondria for
1 h at 4 °C before the re constitution procedure. The transport
reaction was stopped at the indicated times, as described in
“Materials and methods” section. Reported values are mean £ SD
from three experiments. b Kinetic analysis of the effect of SIRT3 on
the reconstituted CACT. The [*H]carnitine/carnitine antiport rate was
measured, as described in “Materials and methods” section, adding
[*H]carnitine at different concentrations to proteoliposomes reconsti-
tuted with mitochondrial extract and containing 15 mM carnitine, in
the absence (white circle) or in the presence of (dark circle)
SIRT3 + NAD". In dark circle the reagents were added to the
solubilized mitochondria for 1 h at 4 °C before the reconstitution
procedure. Experimental data plotted according to Lineweaver—Burk
as reciprocal transport rate versus reciprocal carnitine concentrations.
Reported values are mean £ SD from three experiments

Transport rate of the acetylated protein was also slightly
influenced being 250 4 32 or 280 # 43 umol min~' g
protein™ !, respectively, for acetylated or not acetylated
protein. By dose-response analysis, the IC 50 of the
transporter for acetyl-CoA resulted to be 5.5 mM (not
shown). It has to be stressed that, as expected, the specific
activity of the purified recombinant protein is much higher
than that extracted from mitochondria [10]. Occurrence of

mmol/g protein

0.0 1 1 1 1 1 1

0 20 40 60
time (min)

B 1 2

Acetyl-Lys <430 kDa

CACT <30 kDa

Fig. 6 Non-enzymatic acetylation of recombinant rat CACT. a Time
course of carnitine transport activity assayed as described in
“Materials and methods” section after incubation of recombinant
CACT with (dark circle) or without (white circle) 2.5 mM acetyl-
CoA for 3 h at 37 °C under shaking. Reported values are mean £+ SD
from three experiments. b Upper panel immunodecoration by anti-
acetyl-lysine antibody of: untreated CACT (lane I), CACT pretreated
with acetyl-CoA (lane 2). Lower panel immunodecoration of the
same samples after blotting on a separate membrane, with anti-CACT
antibody. The image is representative of at least two independent
experiments. Migration of molecular mass standards is indicated by
arrows

acetylation was then checked by western blot analysis with
the anti-acetyl-lys antibody. As shown in Fig. 6b, an
immunostained band appeared at the molecular mass of
CACT, after incubation with acetyl-CoA. While no reac-
tion was observed in the control lane corresponding to the
CACT not incubated with acetyl-CoA, the presence of
CACT protein in both lanes is shown, in the lower panel,
by immunodetection of corresponding samples with the
anti-CACT antibody.

Discussion

The described results highlight that a fraction of CACT
extracted from rat liver mitochondria is acetylated.
Acetylation, indeed, is a recently recognized wide phe-
nomenon in mitochondria which is involved in regulation
of several pathways. Some components of the -oxidation
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pathway resulted acetylated in previous studies focused to
the analysis of the acetylome [1]. Among the most well
described, there is the LCAD whose acetylation is involved
in the control of the enzyme function. LCAD activity is
decreased by acetylation thus decreasing the B-oxidation
flux. This PTM has been recognized as a novel regulatory
mechanism for mitochondrial B-oxidation [1, 9]. Acetyla-
tion of CACT causes decrease of transport activity corre-
lating well with the control of LCAD by the same PTM.
The CACT was previously described to be regulated by
physiological factors such as the GSH/GSSG balance [10],
the H,S level [11], or by the production of ROS (H,0,),
causing CACT sulfenylation [27]. These factors influence
the redox state of CACT via two specific Cys residues,
C136 and C155. Thus, CACT is considered as a possible
regulatory site of B-oxidation pathway. Acetylation plays
an additional role in the control of CACT function which,
together with the LCAD, contributes to the regulation of -
oxidation. This mechanism represents a control of the
influx of fatty acyl units into mitochondria in response to
intramitochondrial acetyl-CoA level, in addition to the
regulation of CPT1 by malonyl-CoA. The more likely
acetylated residues of CACT are indicated by proteomic
analyses [12] (Fig. 3). These residues which protrude
towards the aqueous environment of the mitochondrial
matrix should be available to acetylation by both enzymatic
and non-enzymatic mechanisms. The experiments per-
formed with the protein extracted from mitochondria val-
idate all the data obtained by modeling. Moreover, the
functional data allow us to hypothesize that the activity
impairment caused by acetylation is due to a steric hin-
drance exerted by the acetyl groups bound to the lys resi-
dues (Fig. 3a). These groups may impair conformational
changes of the transporter rather than binding of substrate,
as demonstrated by the kinetic analysis of transport of
acetylated and deacetylated proteins. Interestingly, the
effect (inhibition) of acetylation on CACT is opposite with
respect to that described for the citrate carrier (CIC) which
is activated by the same PTM [6]. This difference is,
however, in agreement with the involvement of the two
transporters in opposite metabolic pathways, i.e., the
CACT is involved in PB-oxidation, while the CIC is
involved in biosynthesis of fatty acids. Thus, under con-
ditions of increased acetyl-CoA level and protein acetyla-
tion in mitochondria, fatty acid synthesis is stimulated
while B-oxidation is depressed by PTM of the two trans-
porters. This regulatory mechanism will prevent further
acetyl-CoA formation facilitating the release of free CoA
in mitochondria. The mechanism of acetylation of CACT is
in line with a dynamic control of the protein which could
undergo an on/off switch caused by deacetylation/acetyla-
tion linked to the availability of acetyl-CoA. Indeed, the
acetyl-CoA pool is also linked to the acetyl-carnitine
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availability which represents a buffer for intramitochon-
drial acetyl-CoA [7]. Acetyl-carnitine level is in turn reg-
ulated by the activity of the CACT, since acetyl-carnitine is
transported in exchange for free carnitine [16]. Thus far,
while acetylation of mitochondrial proteins seems a general
mechanism of control, in the case of the CACT it may
result as a specific mechanism with a feedback control
represented by the acetyl-CoA/acetyl-carnitine intercon-
version mediated by the mitochondrial Carnitine O-
acetyltransferase (CAT) [7, 28]. The CACT results an
additional mitochondrial component which can be non-
enzymatically acetylated under conditions of excess mito-
chondrial acetyl-CoA, by mass action, as recently high-
lighted for many mitochondrial proteins [7], given that the
concentration of acetyl-CoA is relatively high in mito-
chondria (about 5 mM [30]). In this scenario, the CACT,
together with other proteins, may be a target of patholog-
ical acetylation caused by impaired acetyl-CoA buffering.
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