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Themembrane-associated protein CD36, now officially designated as SR-B2, is present in various tissues and fulfills
multiple cellular functions. In heart and muscle, CD36 is the main (long-chain) fatty acid transporter, regulating
myocellular fatty acid uptake via its vesicle-mediated reversible trafficking (recycling) between intracellular
membrane compartments and the cell surface. CD36 is subject to various types of post-translational modification.
This review focusses on the role of thesemodifications in further regulation of myocellular fatty acid uptake.
Glycosylation, ubiquitination and palmitoylation are involved in regulating CD36 stability, while phosphor-
ylation at extracellular sites affect the rate of fatty acid uptake. In addition, CD36 modification by O-linked
N-acetylglucosamine may regulate the translocation of CD36 from endosomes to the cell surface. Acetylation of
CD36 has also been reported, but possible effects on CD36 expression and/or functioning have not yet been
addressed. Taken together, CD36 is subject to a multitude of post-translational modifications of which their
functional implications are beginning to be understood. Moreover, further investigations are needed to disclose
whether these post-translational modifications play a role in altered fatty acid uptake rates seen in several
pathologies of heart and muscle. This article is part of a special issue entitled: The role of post-translational
protein modifications on heart and vascular metabolism edited by Jason R.B. Dyck and Jan F.C. Glatz.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

CD36 (cluster of differentiation 36) is a versatile transmembrane
protein. It is a member of the family of class B scavenger receptors
(i.e., scavenger receptors with two transmembrane domains), which
also includes scavenger receptor-B1 (SR-B1) that is involved in binding
of low-density lipoprotein (LDL) and high-density lipoprotein (HDL)
particles, and scavenger receptor LIMP2 (SR-B3), which functions in
lysosomal protein sorting. CD36, now officially designated as scavenger
receptor B2 (SR-B2) [1], is ubiquitously expressed in various tissues and
binds several, mostly lipid-related ligands such as oxidized LDL particles,
(long-chain) fatty acids, collagens, thrombospondin-I, apoptotic cells,
and phospholipids [2]. As a result, CD36 plays a crucial role in numerous
physiological processes including immune system responses, removal of
apoptotic and necrotic cells, regulation of angiogenesis, and scavenging
N-succinimidyl oleate; AMPK,
sive rats; O-GlcNAc, O-linked
tein kinase C; PAT, palmitoyl-

le of post-translational protein
by Jason R.B. Dyck and Jan F.C.

latz).
of oxidized LDL. These functions are carried out in a tissue-specific
manner.

In cardiac and skeletal muscle, CD36 is the predominant protein
involved in both facilitating and regulating the cellular uptake of
(long-chain) fatty acids. Although this transport function of CD36 had
already been discovered in adipocytes in the early nineties [3], and
immediately thereafter in heart and muscle [4], the molecular mecha-
nism by which CD36 facilitates the transport of fatty acids across the
cell membrane is only beginning to be unraveled. The topography of
CD36 is not compatible with its functioning as a membrane pore for
fatty acids. Therefore, CD36 does not act as a truemembrane ‘transporter’
(such as, for instance, GLUT proteins act as transporter of glucose across
the membrane), but facilitates the transmembrane transport of fatty
acids [5]. Nevertheless, for convenience, CD36 is commonly referred to
as ‘fatty acid transporter’.

Insight into the structure and functioning of CD36 was recently
obtained from the crystal structure of its family member SR-B3/LIMP-2
[6] and further elaborated by Pepino and co-workers [7]. CD36 has two
membrane spanning regions surrounding a large extracellular loop that
contains a large hydrophobic cavity traversing the entire length of the
molecule (Fig. 1). This cavity is considered to serve as a tunnel through
which hydrophobic ligands (including cholesterol(esters) and fatty
acids) are delivered from the extracellular space to the outer leaflet of
the plasma membrane. More recent studies on the CD36 homologue in
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Fig. 1. Schematic presentation of the putative CD36 topology and known post-translational modifications. CD36 (SR-B2) has two transmembrane domains, with the small cytoplasmic tails being
palmitoylated. The COOH terminus also has two ubiquitination sites. The large extracellular loop contains 10N-linked glycosylation sites and two phosphorylation sites. The localization of the O-
GlcNAcylation site is not yet known. Disulfide bonds between the extracellular cysteines are shown. The shaded area designates a hydrophobic pocket that is involved in ligand binding and serves
as a tunnel throughwhich ligands are delivered from the extracellular space to the external leaflet of the phospholipid bilayer of themembrane. Predictions of the three-dimensional structure of
CD36 have been presented by others [6–8]. Arrowheads and numbers indicate the approximate amino acid residues. Modified from ref. [5], with permission.
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Drosophila further confirm this concept [8]. With respect to fatty acid
uptake, lysine residues bordering this pocket may interact with fatty
acids through electrostatic interactions with the fatty acid-carboxylic
group [9]. After entering the phospholipid bilayer of the membrane and
translocation to the inner leaflet, presumably by a ‘flip-flop’ mechanism
[10], desorption of the fatty acids into the intracellular compartment is
facilitated by cytoplasmic fatty acid-binding protein (FABP) [5].

The first evidence for a major contribution of CD36 to bulk fatty acid
uptake in muscles came from studies using the nucleophilic long-chain
fatty acid derivative sulfo-N-succinimidyl oleate (SSO) [11,12]. SSO
covalently binds to CD36 via Lys164 in the hydrophobic cavity thereby
impairing CD36-mediated fatty acid uptake [9]. This SSO–CD36
binding at the cell surface appears to be specific, as other putative
plasmalemmal fatty acid transporters (e.g., plasma membrane-fatty
acid binding protein and members of the fatty acid transport protein
family) are not labeled by this compound [9,13]. On the other hand, it was
reported that in macrophages, SSO may also exert inhibitory effects on
intracellular lipid metabolism independently of CD36 [14]. Conclusive
evidence was obtained in studies with CD36-null mice, which also
revealed the quantitative importance of CD36 for fatty acid utilization
by mammalian tissues. These experiments showed that N40% and
N70% of fatty acid uptake is mediated by CD36 in oxidative muscle
[15] and heart [16], respectively. Recently, using an inducible and
cardiomyocyte-specific CD36-null mouse model, the relevance of
CD36 specifically for cardiac long-chain fatty acid uptake has been
confirmed [17].

The role of CD36 in myocellular fatty acid utilization goes further
than only serving as a facilitative transporter whereby the rate of trans-
membrane fatty acid transport is dependent solely on its presence in the
membrane and the fatty acid gradient between the extracellular milieu
and the myocellular cytoplasm. Thus, it has been well-established that
within the overall processes of fatty acid uptake and subsequentmetabo-
lism, CD36 presents themajor rate-controlling site, making it possible for
myocytes tomaintain low intracellular fatty acid levels even at physiolog-
ically high extracellular fatty acid concentrations [11]. The underlying
molecular mechanism is based on the finding that CD36 is present not
only at the cell surface, where it exerts its transport function, but also in
intracellular storage sites, identified as endosomes. CD36 can migrate
between both locations by means of vesicular transport along exocytotic
and endocytotic pathways. A net translocationof CD36 to the sarcolemma
is induced by several physiological stimuli, most notably, elevated
circulating insulin levels and an increase in contractile activity
whereupon, as a consequence, myocellular fatty acid uptake is
increased. Insulin-induced CD36 translocation requires activation of the
phosphatidylinositol-3-kinase–Akt2 signaling axis, and contraction-
induced CD36 translocation is dependent on activation of AMP-
activated kinase (AMPK) [5].

Various post-translational modifications have been reported to
impact on CD36 and CD36 functioning and, in specific cases, have
been related to malfunctioning of CD36 in disease. These modifications
include glycosylation, acetylation, phosphorylation, palmitoylation, and
ubiquitination. For each of these modifications, we will discuss along-
side the existing literature the possible consequences for the regulation
of fatty acid uptake in heart and muscle and, when data is available,
specifically on the regulation of intracellular CD36 translocation.

2. Glycosylation of CD36

CD36 has a predictedmolecularmass of 53 kDa, but in rodentmuscle
and heart the actual mass of this protein amounts to 88 kDa [3]. The
difference is due mainly to extensive glycosylation. Rat CD36 has 10
potential glycosylation sites, and 8 of these are conserved between rat

Image of Fig. 1
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and human [3]. Moreover, all of these predicted sites are located within
the extracellular loop and indeed were observed to be glycosylated
(Fig. 1). Classical N-linked glycosylation at asparagine residues occurs
within the endoplasmic reticulum and the Golgi, and leads to the stable
coupling of complex oligosaccharide structures to proteins. Glycosyla-
tion is common to many extracellular and secretory proteins, and is
critical for correct folding, stability, transport to the cell surface, and
function of proteins [18]. Glycosylation of CD36 is necessary for proper
folding and trafficking to the plasmamembrane [19]. Yet there is redun-
dancy, as partially glycosylated CD36mutants have been identified that
also were properly distributed to the cell surface [19]. Remarkably, the
exact glycosylation pattern did not matter in this respect. However,
these glycosylation site mutants suffered from low expression levels.
Furthermore, ligand recognition was not affected by alterations in the
glycosylation pattern, as established for binding of CD36 to modified
low-density lipoprotein [19]. With respect to the dynamic regulation
of CD36 glycosylation, the gastrointestinal-derived hormone glucagon-
like peptide-2 has been reported to increase the glycosylation of CD36
with an accompanying increase in the luminal absorption of fatty
acids within hours [20]. However, the mechanism by which CD36
glycosylation leads to increased fatty acid absorption is not known.
Hence, whether the fatty acid transport function of CD36 itself is altered
by differences in glycosylation, is not known.

In spontaneously hypertensive rats (SHR), CD36 is mutated at mul-
tiple sites, themutations ofwhich have been proposed to be responsible
for the reduced cardiac fatty acid uptake seen in this model [21]. One of
these mutations relates to Asp102, the only potential N-glycosylation
site mutated in SHR. Given that this site is located within the fatty acid
binding pocket and, therefore, possibly important for the fatty acid
transport function, mutation of this site may explain the decrease in
fatty acid uptake upon pressure overload in this rat model. On the
other hand, total CD36 protein expression in SHR rats is greatly reduced,
perhaps due to mutation at the Asp102 residue or at one of the other
mutated sites, resulting in a decrease in its stability [21]. Hence, further
studies need to be undertaken to study the role of glycosylation in
altered fatty acid uptake in SHR.

In contrast to classical glycosylation, the modification of proteins
by O-linked N-acetylglucosamine (O-GlcNAc) is a dynamic process
occurring in the cytoplasm and involving a reversible binding of a single
O-GlcNAc moiety to serine/threonine residues [22]. The process re-
quires two enzymatic activities to attach and to remove the O-GlcNAc
moiety, respectively. The attachment is mediated by O-GlcNAc transfer-
ase (OGT), and driven by the intracellular availability of O-GlcNAc formed
in the hexosamine biosynthesis pathway. CD36 has been proposed as
a target for O-GlcNAcylation [23]. Namely, glucosamine addition to per-
fused hearts increases both OGT binding to CD36, abundance of CD36 at
the sarcolemma, and fatty acid oxidation, leading the authors to conclude
that O-GlcNAcylation of CD36 induces CD36 translocation to the sarco-
lemma and subsequently enhances myocellular fatty acid uptake [23].

3. Acetylation of CD36

Proteomic analysis of lysine acetylation sites inmouse and rat tissues
revealed acetylation of CD36 at lysines 52, 166, 231, and 403 [24]. Acet-
ylation of these sites was confirmed by mass spectrometry analysis of
human CD36 [9], indicating that these acetylation sites are conserved
from rat to man. However, the dynamics and functional consequences
of these acetylations for CD36 expression and/or functioning have not
yet been investigated.

4. Phosphorylation of CD36

CD36 has at least two consensus phosphorylation sites, i.e., at Thr92
and Ser237, both of which are within the extracellular loop (Fig. 1). The
first site is a putative protein kinase C (PKC) site, and the second site is
recognized by protein kinase A (PKA) [25,26]. In resting platelets, the
Thr92 site is constitutively phosphorylated resulting in diminished
thrombospondin binding under non-stimulated conditions [25]. This
phosphorylation occurs in the Golgi on newly synthesized protein and
is retained upon trafficking of CD36 to the cell surface and subsequent
extracellular exposure of this site [27]. The other site is subject to
regulation by an ecto-kinase pathway involving PKA. In platelets,
CD36 ecto-phosphorylation inhibits fatty acid uptake in a reversible
manner [28]. Yet, this pathway may not be operative in heart and
muscle, as activation of PKA by isoproterenol, dibutyryl-cAMP or
the phosphodiesterase inhibitor amrinone did not influence fatty
acid uptake into cardiomyocytes [29]. Hence, in heart and muscle,
CD36 phosphorylation may be of only minor importance. Perhaps,
the ecto-kinase responsible for the inhibitory phosphorylation in
platelets is not present in the interstitial space in heart and muscle.

The CD36 phosphorylation status also appears regulated by phos-
phatases. In mouse small intestinal enterocytes, CD36 is co-localized
with global intestinal alkaline phosphatase, and de-phosphorylation
by this phosphatase resulted in increased fatty acid uptake [30]. These
data are in linewith the observations in platelets that CD36 phosphory-
lation is inhibitory for fatty acid uptake.

It is noteworthy to mention that phosphorylation processes are def-
initely linked to CD36 functioning and regulation of fatty acid utilization
in heart and muscle. First of all, phosphorylation of AMPK is critically
involved in vesicle-mediated CD36 translocation from endosomes to
the sarcolemma and contraction-stimulated fatty acid uptake [5].
Moreover, phosphorylation of Akt and AS160 are necessary for insulin-
stimulated CD36 translocation and increased fatty acid uptake [31,32].
Finally, CD36 is also known as a signaling hub upon binding to fatty
acids. This leads to phosphorylation of Src-protein-tyrosine kinases, par-
ticularly of Fyn and Yes and subsequent activation of calcium signaling
in gustatory cells [33]. In muscle, fatty acid-induced CD36-mediated Fyn
phosphorylation leads to AMPK activation, feeding forward to increased
fatty acid oxidation [34]. However, these mechanisms are outside the
scope of this review.

5. Ubiquitination of CD36

Ubiquitination of proteins is the coupling of proteins to ubiquitin (a
small protein of 8.5 kDa). Protein ubiquitination is generally considered
to trigger the degradation of these proteins through directing them to
proteasomes [35]. In short, there are threemain steps in ubiquitination:
activation, conjugation, and ligation, executed by ubiquitin-activating
enzymes (E1), ubiquitin-conjugating enzymes (E2), and ubiquitin
ligases (E3), respectively. Substrate specificity is governed by E3, of
which there is a great variety. More recent investigations reveal that
several types of protein ubiquitination appear to exist, and the differ-
ent types have different impacts on their substrates. The classical
pathway targeting proteins for proteasomal degradation is the
poly-ubiquitination pathway linked to Lys48 on ubiquitin. On the
other hand, poly-ubiquitination linked to Lys63 on ubiquitin as well as
mono-ubiquitination are considered as non-degradative, and serve
other purposes, such as protein complex formation [36,37].

The first evidence that CD36 is a substrate for ubiquitination came
from studies in cell lines, including C2C12myotubes [38]. CD36 appears
to be constitutively poly-ubiquitinated involving both Lys48 and Lys63
linkage (Fig. 1). The degree of poly-ubiquitination was differentially
affected by exposure of cells to fatty acids or insulin: fatty acids increase
whereas insulin decreases the poly-ubiquitination of CD36. Concomi-
tantly, fatty acids reduce CD36 protein levels and decrease cellular
fatty acid uptake, and insulin has opposite effects. The degree of poly-
ubiquitination of CD36 did not affect the relative CD36 distribution
between intracellular storage compartments and cell surface [38].
Site-directed mutagenesis revealed that one or two lysines of CD36
located within the small intracellular C-terminal segment, i.e.,
Lys469 and Lys472, are responsible for this CD36 regulation by
poly-ubiquitination [38].
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More recently, it was found that CD36 is a target of Parkin, an E3
ligase. The malfunctioning of this enzyme is causally related to the
onset of Parkinson’s disease [39]. Livers of mice on a high-fat diet
displayed increased Parkin levels and increased CD36 levels as well
as increased lipid accumulation and insulin resistance [40]. In
Parkin-knockout mice, hepatic CD36 levels were markedly reduced
and the maladaptive responses towards a high-fat diet concerning
hepatic lipid levels and insulin signaling were completely blunted.
Parkin appeared to mono-ubiquitinate CD36 leading to an increase in
its stability [40]. It is expected that one of the intracellular C-terminal
lysines within CD36 is targeted by Parkin. Moreover, this lysine residue
could then be an integration point of the effects of fatty acids and Parkin
on CD36 [41]. Yet, this Parkin-mediatedmono-ubiquitination and stabi-
lization of CD36 in liver seems to conflict with the fatty acid-mediated
poly-ubiquitination and degradation of CD36 in cell lines. Namely,
Parkin expression is induced by fatty acids [40], so it is to be expected
that fatty acids should stabilize or increase the CD36 protein level rather
than decreasing it. A way out of this paradox is provided by the fact that
Parkin exhibits both mono- and poly-ubiquitination functions [42].
Hence, Parkin downstream effects can be proteasome-dependent
as well as independent. Perhaps the function of Parkin varies between
different tissues and/or circumstances, making it to operate as a
mono-ubiquitinase in one tissue under a specific condition and as a
poly-ubiquitinase in another tissue or in a different condition. Alterna-
tively, CD36 could be targeted by different, yet unidentified E3 ligases
in different tissues. Another controversial finding related to Parkin is
that this E3 ligase does not appear to be responsible for the increased
CD36 expression levels in the livers of aged mice on a high-fat diet, be-
cause Parkin levels were found to remain unaltered during ageing [43].

Finally, long-term incubation of HL1-cardiomyocytes or primary
rat cardiomyocytes with insulin and/or long-chain fatty acids did not
alter myocellular protein levels of CD36 [44,45], suggesting that CD36
ubiquitination does not occur in cardiomyocytes upon exposure to
either one or both stimuli. The latter observations underscore the notion
that the effects of E3 ligases on CD36 ubiquitination are strictly tissue-
specific.

6. Palmitoylation of CD36

There are several types of modification of proteins by lipids, among
which protein myristoylation (covalent attachment of a C14-fatty acid
group) and protein palmitoylation (covalent attachment of a C16-fatty
acid group) are most common [46,47]. In contrast to myristoylation,
which is considered to be an irreversible protein modification, the
palmitoyl moiety can be removed so that palmitoylation is compatible
with short-term regulation. The reversible covalent bond occurs
between palmitate and cysteine residues of proteins via a thioester link-
age in most cases, and less frequently to serine and threonine residues
of proteins [46,47]. In more detail, dynamic protein palmitoylation is
an enzymatic process, which requires palmitoyl-transferases (PATs)
and palmitoyl-protein thioesterases (PPTs) for palmitoylation and
depalmitoylation, respectively. Regarding the function of protein
palmitoylation, it is generally accepted that palmitoylation regulates
the subcellular localization,membrane interactions, as well as subcellu-
lar trafficking of proteins [46,47]. Remarkably, palmitoylation has no
obvious sequence requirements other than the cysteine residue, but
palmitoylation sites are often found in the proximity of transmembrane
segments.

The first reports that CD36 was palmitoylated came from studies
in adipocytes, in which CD36 appeared to be one of the major
palmitoylation targets, while this modification could be further increased
by insulin [48]. Palmitoylation occurs on the two N-terminal and two
C-terminal cysteines, in human CD36 corresponding to residues 3, 7,
464, and 468 [49]. Both cysteine pairs are intracellular and adjacent to
the transmembrane segments (Fig. 1). Mutation of the two N-terminal
cysteines into alanines and the two C-terminal cysteines into serines
decreased the maturation of CD36 to the fully glycosylated form, which
was accompanied by a decrease in stability [50]. Also, a CD36 mutant in
which the four intracellular cysteines have been converted into serines
showed incomplete processing and decreased expression [51]. Yet, this
mutant, a C-terminal truncation mutant, or other CD36 mutants in
which either one or two of the cysteines were replaced by serines, each
showed proper localization at the cell surface in Chinese hamster ovary
(CHO) cells or HEK293 cells [49,51]. On the other hand, all four intracellu-
lar cysteines were observed to be needed for translocation of CD36 upon
insulin stimulation of CHO cells or stimulation by the AMPK activator
AICAR. However, immunoprecipitation experiments showed that
the 4*Cys→Ser-CD36 mutant was not differentially incorporated
with [3H]palmitate than wild-type CD36 in the absence or presence
of insulin, excluding the role of palmitoylation and suggesting that
another post-translational mechanism involving all four cysteines
is required for CD36 translocation [51]. In conclusion, palmitoylation
at its intracellular cysteines is necessary for CD36 maturation [50].
This palmitoylation could be mediated by Swf1, a member of the PAT
family, which is resident to the endoplasmic reticulum and responsible
for palmitoylation of many membrane proteins that are modified at
cytoplasmic cysteine residues close to the transmembrane domain [52].

7. Conclusions and perspectives

CD36 undergoes various types of post-translational modifications in
a tissue-, condition-, and time-dependent manner (Table 1). These
modifications each have distinct consequences for CD36 functioning
and, in addition, may show a specific interplay that together makes
the regulation of the functioning of CD36—for instance, in regulating
cellular fatty acid uptake—difficult to unravel. Phosphorylation may
regulate the fatty acid transport function of CD36, whereas N-linked
glycosylation, ubiquitination, and palmitoylation each affect CD36
expression and stability. In contrast, none of thesemodifications appear
to alter CD36membrane localization or function. TheN-linked glycosyl-
ation and palmitoylation processes occur as part of CD36 maturation in
the endoplasmic reticulum/Golgi and are therefore not likely to contrib-
ute to short-term regulation of fatty acid uptake in any tissue. Yet, CD36
ubiquitination by insulin occurs within a time frame of 30 min, giving
this modification type the ability to impact on fatty acid uptake at the
short-term level, as indeed has been shown [38].

CD36 translocation to the plasma membrane and subsequent
internalization (i.e., intracellular recycling) is a main determinant
of short-term regulation of myocellular fatty acid uptake by insulin or
AMPK activators, but the mechanisms underlying CD36 translocation
and internalization have been incompletely resolved. It is, however,
clear that most of the of the post-translational modification types,
i.e., glycosylation, phosphorylation, ubiquitination, and palmitoylation,
impacting on CD36 are not important for insulin-stimulated or AMPK-
mediated CD36 translocation. Only O-GlcNAcylation of CD36, as induced
upon stimulation of the hexosamine biosynthesis pathway, has been
shown to increase CD36 translocation, but this is independent of insulin
or AMPK activation [23].

Taking this a step further, it is possible that in the insulin-resistant or
diabetic heart, which shows elevated CD36 levels at the cell surface
and an increased rate of fatty acid uptake [5], CD36 undergoes increased
O-GlcNAcylation, and therefore increased translocation of CD36 to the
cell surface. This increased CD36 translocation then sets the stage for
further maladaptive lipid-induced alterations negatively impacting on
contraction force of cardiomyocytes [53]. Such hypothetical sequence
of events would be in line with earlier observations that there is
increased flux through the hexosamine biosynthesis pathway in insu-
lin-resistantmuscle [23].Moreover, in the diabetic heart, overall protein
O-GlcNAcylation has been increased and thismay be responsible for the
adverse effects of diabetes on cardiac function [54]. Anothermechanism
by which CD36 function is upregulated in diabetic tissues and possibly
contributes to high-fat diet-induced insulin resistance, is displayed by



Table 1
Reported effects of the various post-translational modifications of CD36 on its expression and functioning in cellular fatty acid uptake.

Post-translational modification type Tissue or cell type studied CD36-related parameters and cellular fatty acid uptake

CD36 expression CD36 intrinsic fatty acid
transport activity

CD36 translocation to
the plasma membrane

Fatty acid uptake

N-linked glycosylation Various tissues and cell types ↑ n.k. – ↑
O-GlcNAcylation Heart – – ↑ ↑
Acetylation Various tissues n.k. n.k. n.k. n.k.
Phosphorylation Platelets, enterocytes n.k. ↓ – ↓
Poly-ubiquitination Muscle, adipose tissue ↓ – – ↓
Mono-ubiquitination Liver ↑ – – ↑
Palmitoylation Adipocytes, CHO cells ↑ – – ↑

Explanation of symbols: ↑, positive (stimulatory) effect; ↓, negative (inhibitory) effect; –, no effect; n.k., effect not known. Note that the implications of these post-translational modifications
were studied mostly in a particular tissue or cell model, so that extrapolation to other tissues or cell models may not apply. See text for more detailed explanation and literature references.
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the intestine. High-fat diet supplemented to rodents simultaneously
upregulates CD36 and global intestinal alkaline phosphatase in
enterocytes, thereby increasing CD36-dependent fatty acid uptake [30].
Whether increased alkaline phosphatase action contributes to increased
cardiac fatty acid fluxes in the diabetic heart is not known. Besides these
examples of post-translational CD36 modifications increasing fatty acid
uptake, it should be investigated whether other post-translational
modifications of CD36 also occur in the insulin-resistant/diabetic heart
or in any other cardiac metabolic disorder. For instance, increased CD36
stabilization due to palmitoylation or to alterations in ubiquitination
could also lead to excessively increased fatty acid fluxes into the heart
and subsequent impairments in insulin signaling and contractile function.
Finally, other post-translational modifications, such as methylation,
isoprenylation, and sumoylation, might occur and could impact on CD36
but, to our knowledge, these have not yet been investigated. Therefore,
these additional modification types could be a topic for future studies.

Conflict of Interest

Please note that the authors have no conflict of interest.

Transparency document

The Transparency document associated with this article can be
found, in the online version.

Acknowledgements

Miranda Nabben is the recipient of a VENI Innovational Research
Grant and Dietbert Neumann of a VIDI Innovational Research Grant
from the Netherlands Organization for Scientific Research (NWO-
ZonMw grant no. 916.14.050 and NWO-ALW grant no. 864.10.007,
respectively).

References

[1] M. Prabhudas, D. Bowdish, K. Drickamer, M. Febbraio, J. Herz, L. Kobzik, M. Krieger, J.
Loike, T.K. Means, S.K. Moestrup, S. Post, T. Sawamura, S. Silverstein, X.Y. Wang, J. El
Khoury, Standardizing scavenger receptor nomenclature, J. Immunol. 192 (2014)
1997–2006.

[2] N.A. Abumrad, I.J. Goldberg, CD36 actions in the heart: lipids, calcium, inflammation,
repair and more? Biochim. Biophys. Acta (2016).

[3] N.A. Abumrad, M.R. el-Maghrabi, E.Z. Amri, E. Lopez, P.A. Grimaldi, Cloning of a rat
adipocyte membrane protein implicated in binding or transport of long-chain
fatty acids that is induced during preadipocyte differentiation. Homology with
human CD36, J. Biol. Chem. 268 (1993) 17665–17668.

[4] F.A. VanNieuwenhoven, C.P. Verstijnen, N.A. Abumrad, P.H.Willemsen, G.J. Van Eys, G.J.
Van der Vusse, J.F. Glatz, Putative membrane fatty acid translocase and cytoplasmic
fatty acid-binding protein are co-expressed in rat heart and skeletal muscles, Biochem.
Biophys. Res. Commun. 207 (1995) 747–752.

[5] J.F. Glatz, J.J. Luiken, A. Bonen, Membrane fatty acid transporters as regulators of lipid
metabolism: implications for metabolic disease, Physiol. Rev. 90 (2010) 367–417.

[6] D. Neculai, M. Schwake, M. Ravichandran, F. Zunke, R.F. Collins, J. Peters, M. Neculai,
J. Plumb, P. Loppnau, J.C. Pizarro, A. Seitova, W.S. Trimble, P. Saftig, S. Grinstein, S.
Dhe-Paganon, Structure of LIMP-2 provides functional insights with implications
for SR-BI and CD36, Nature 504 (2013) 172–176.

[7] M.Y. Pepino, O. Kuda, D. Samovski, N.A. Abumrad, Structure–function of CD36 and
importance of fatty acid signal transduction in fat metabolism, Annu. Rev. Nutr. 34
(2014) 281–303.

[8] C. Gomez-Diaz, B. Bargeton, L. Abuin, N. Bukar, J.H. Reina, T. Bartoi, M. Graf, H. Ong,M.H.
Ulbrich, J.F. Masson, R. Benton, A CD36 ectodomain mediates insect pheromone
detection via a putative tunnelling mechanism, Nat. Commun. 7 (2016) 11866.

[9] O. Kuda, T.A. Pietka, Z. Demianova, E. Kudova, J. Cvacka, J. Kopecky, N.A. Abumrad,
Sulfo-N-succinimidyl oleate (SSO) inhibits fatty acid uptake and signaling for intra-
cellular calcium via binding CD36 lysine 164: SSO also inhibits oxidized low density
lipoprotein uptake by macrophages, J. Biol. Chem. 288 (2013) 15547–15555.

[10] J.A. Hamilton, New insights into the roles of proteins and lipids in membrane trans-
port of fatty acids, Prostaglandins Leukot. Essent. Fat. Acids 77 (2007) 355–361.

[11] J.J. Luiken, F.A. van Nieuwenhoven, G. America, G.J. van der Vusse, J.F. Glatz, Uptake
and metabolism of palmitate by isolated cardiac myocytes from adult rats: involve-
ment of sarcolemmal proteins, J. Lipid Res. 38 (1997) 745–758.

[12] J.J. Luiken, L.P. Turcotte, A. Bonen, Protein-mediated palmitate uptake and expres-
sion of fatty acid transport proteins in heart giant vesicles, J. Lipid Res. 40 (1999)
1007–1016.

[13] S.L. Coort, J. Willems, W.A. Coumans, G.J. van der Vusse, A. Bonen, J.F. Glatz, J.J.
Luiken, Sulfo-N-succinimidyl esters of long chain fatty acids specifically inhibit
fatty acid translocase (FAT/CD36)-mediated cellular fatty acid uptake, Mol. Cell.
Biochem. 239 (2002) 213–219.

[14] H.T. Nicholls, G. Kowalski, D.J. Kennedy, S. Risis, L.A. Zaffino, N. Watson, P. Kanellakis,
M.J. Watt, A. Bobik, A. Bonen, M. Febbraio, G.I. Lancaster, M.A. Febbraio, Hematopoietic
cell-restricted deletion of CD36 reduces high-fat diet-induced macrophage infiltration
and improves insulin signaling in adipose tissue, Diabetes 60 (2011) 1100–1110.

[15] A. Bonen, X.X. Han, D.D. Habets, M. Febbraio, J.F. Glatz, J.J. Luiken, A null mutation in
skeletal muscle FAT/CD36 reveals its essential role in insulin- and AICAR-stimulated
fatty acid metabolism, Am. J. Physiol. Endocrinol. Metab. 292 (2007) E1740–E1749.

[16] D.D. Habets, W.A. Coumans, P.J. Voshol, M.A. den Boer, M. Febbraio, A. Bonen, J.F.
Glatz, J.J. Luiken, AMPK-mediated increase in myocardial long-chain fatty acid up-
take critically depends on sarcolemmal CD36, Biochem. Biophys. Res. Commun.
355 (2007) 204–210.

[17] J. Nagendran, T. Pulinilkunnil, P.C. Kienesberger, M.M. Sung, D. Fung, M. Febbraio, J.R.
Dyck, Cardiomyocyte-specific ablation of CD36 improves post-ischemic functional
recovery, J. Mol. Cell. Cardiol. 63 (2013) 180–188.

[18] M. Aebi, N-linked protein glycosylation in the ER, Biochim. Biophys. Acta 1833
(2013) 2430–2437.

[19] S.J. Hoosdally, E.J. Andress, C. Wooding, C.A. Martin, K.J. Linton, The human scaven-
ger receptor CD36: glycosylation status and its role in trafficking and function, J. Biol.
Chem. 284 (2009) 16277–16288.

[20] J. Hsieh, C. Longuet, A. Maida, J. Bahrami, E. Xu, C.L. Baker, P.L. Brubaker, D.J. Drucker, K.
Adeli, Glucagon-like peptide-2 increases intestinal lipid absorption and chylomicron
production via CD36, Gastroenterology 137 (2009) 997–1005 (1005 e1001-1004).

[21] B. Lauzier, C. Merlen, F. Vaillant, J. McDuff, B. Bouchard, P.C. Beguin, V.W. Dolinsky, S.
Foisy, L.R. Villeneuve, F. Labarthe, J.R. Dyck, B.G. Allen, G. Charron, C. Des Rosiers,
Post-translational modifications, a key process in CD36 function: lessons from the
spontaneously hypertensive rat heart, J. Mol. Cell. Cardiol. 51 (2011) 99–108.

[22] G.W. Hart, M.P. Housley, C. Slawson, Cycling of O-linked beta-N-acetylglucosamine
on nucleocytoplasmic proteins, Nature 446 (2007) 1017–1022.

[23] B. Laczy, N. Fulop, A. Onay-Besikci, C. Des Rosiers, J.C. Chatham, Acute regulation of
cardiac metabolism by the hexosamine biosynthesis pathway and protein O-
GlcNAcylation, PLoS One 6 (2011), e18417.

[24] A. Lundby, K. Lage, B.T. Weinert, D.B. Bekker-Jensen, A. Secher, T. Skovgaard, C.D.
Kelstrup, A. Dmytriyev, C. Choudhary, C. Lundby, J.V. Olsen, Proteomic analysis of ly-
sine acetylation sites in rat tissues reveals organ specificity and subcellular patterns,
Cell Rep. 2 (2012) 419–431.

[25] A.S. Asch, I. Liu, F.M. Briccetti, J.W. Barnwell, F. Kwakye-Berko, A. Dokun, J.
Goldberger, M. Pernambuco, Analysis of CD36 binding domains: ligand speci-
ficity controlled by dephosphorylation of an ectodomain, Science 262 (1993)
1436–1440.

[26] M. Hatmi, J.M. Gavaret, I. Elalamy, B.B. Vargaftig, C. Jacquemin, Evidence for cAMP-
dependent platelet ectoprotein kinase activity that phosphorylates platelet glyco-
protein IV (CD36), J. Biol. Chem. 271 (1996) 24776–24780.

doi:10.1016/j.bbadis.2016.09.004
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0005
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0005
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0005
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0005
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0010
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0010
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0015
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0015
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0015
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0015
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0020
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0020
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0020
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0020
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0025
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0025
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0030
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0030
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0030
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0030
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0035
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0035
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0035
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0040
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0040
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0040
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0045
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0045
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0045
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0045
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0050
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0050
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0055
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0055
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0055
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0060
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0060
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0060
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0065
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0065
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0065
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0065
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0070
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0070
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0070
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0070
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0075
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0075
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0075
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0080
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0080
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0080
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0080
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0085
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0085
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0085
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0090
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0090
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0095
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0095
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0095
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0100
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0100
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0100
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0105
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0105
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0105
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0105
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0110
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0110
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0115
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0115
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0115
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0120
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0120
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0120
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0120
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0125
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0125
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0125
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0125
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0130
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0130
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0130


2258 J.J.F.P. Luiken et al. / Biochimica et Biophysica Acta 1862 (2016) 2253–2258
[27] L.Y. Chu, R.L. Silverstein, CD36 ectodomain phosphorylation blocks thrombospondin-1
binding: structure-function relationships and regulation by protein kinase C,
Arterioscler. Thromb. Vasc. Biol. 32 (2012) 760–767.

[28] F. Guthmann, P. Maehl, J. Preiss, I. Kolleck, B. Rustow, Ectoprotein kinase-mediated
phosphorylation of FAT/CD36 regulates palmitate uptake by human platelets, Cell.
Mol. Life Sci. 59 (2002) 1999–2003.

[29] J.J. Luiken, J. Willems, S.L. Coort, W.A. Coumans, A. Bonen, G.J. Van Der Vusse, J.F.
Glatz, Effects of cAMP modulators on long-chain fatty-acid uptake and utilization
by electrically stimulated rat cardiac myocytes, Biochem. J. 367 (2002) 881–887.

[30] M. Lynes, S. Narisawa, J.L. Millan, E.P. Widmaier, Interactions between CD36 and
global intestinal alkaline phosphatase in mouse small intestine and effects of
high-fat diet, Am. J. Physiol. Regul. Integr. Comp. Physiol. 301 (2011) R1738–R1747.

[31] D. Samovski, X. Su, Y. Xu, N.A. Abumrad, P.D. Stahl, Insulin and AMPK regulate FA
translocase/CD36 plasma membrane recruitment in cardiomyocytes via Rab GAP
AS160 and Rab8a Rab GTPase, J. Lipid Res. 53 (2012) 709–717.

[32] S.S. Jain, J.J. Luiken, L.A. Snook, X.X. Han, G.P. Holloway, J.F. Glatz, A. Bonen, Fatty acid
transport and transporters in muscle are critically regulated by Akt2, FEBS Lett. 589
(2015) 2769–2775.

[33] A. El-Yassimi, A. Hichami, P. Besnard, N.A. Khan, Linoleic acid induces calcium signal-
ing, Src kinase phosphorylation, and neurotransmitter release in mouse CD36-
positive gustatory cells, J. Biol. Chem. 283 (2008) 12949–12959.

[34] D. Samovski, J. Sun, T. Pietka, R.W. Gross, R.H. Eckel, X. Su, P.D. Stahl, N.A. Abumrad,
Regulation of AMPK activation by CD36 links fatty acid uptake to beta-oxidation, Di-
abetes 64 (2015) 353–359.

[35] W. Hilt, D.H. Wolf, Proteasomes: destruction as a programme, Trends Biochem. Sci.
21 (1996) 96–102.

[36] L.A. O'Neill, Regulation of signaling by non-degradative ubiquitination, J. Biol. Chem.
284 (2009) 8209.

[37] M. Sadowski, R. Suryadinata, A.R. Tan, S.N. Roesley, B. Sarcevic, Protein
monoubiquitination and polyubiquitination generate structural diversity to control
distinct biological processes, IUBMB Life 64 (2012) 136–142.

[38] J. Smith, X. Su, R. El-Maghrabi, P.D. Stahl, N.A. Abumrad, Opposite regulation of CD36
ubiquitination by fatty acids and insulin: effects on fatty acid uptake, J. Biol. Chem.
283 (2008) 13578–13585.

[39] T. Kitada, S. Asakawa, N. Hattori, H. Matsumine, Y. Yamamura, S. Minoshima, M.
Yokochi, Y. Mizuno, N. Shimizu, Mutations in the parkin gene cause autosomal re-
cessive juvenile parkinsonism, Nature 392 (1998) 605–608.

[40] K.Y. Kim, M.V. Stevens, M.H. Akter, S.E. Rusk, R.J. Huang, A. Cohen, A. Noguchi, D.
Springer, A.V. Bocharov, T.L. Eggerman, D.F. Suen, R.J. Youle, M. Amar, A.T.
Remaley, M.N. Sack, Parkin is a lipid-responsive regulator of fat uptake in mice
and mutant human cells, J. Clin. Invest. 121 (2011) 3701–3712.

[41] N.A. Abumrad, D.J. Moore, Parkin reinvents itself to regulate fatty acid metabolism
by tagging CD36, J. Clin. Invest. 121 (2011) 3389–3392.
[42] H. Shimura, N. Hattori, S. Kubo, Y. Mizuno, S. Asakawa, S. Minoshima, N. Shimizu, K.
Iwai, T. Chiba, K. Tanaka, T. Suzuki, Familial Parkinson disease gene product, parkin,
is a ubiquitin-protein ligase, Nat. Genet. 25 (2000) 302–305.

[43] F. Sheedfar, M.M. Sung, M. Aparicio-Vergara, N.J. Kloosterhuis, M.E. Miquilena-
Colina, J. Vargas-Castrillon, M. Febbraio, R.L. Jacobs, A. de Bruin, M. Vinciguerra, C.
Garcia-Monzon,M.H. Hofker, J.R. Dyck, D.P. Koonen, Increased hepatic CD36 expres-
sion with age is associated with enhanced susceptibility to nonalcoholic fatty liver
disease, Aging (Albany NY) 6 (2014) 281–295.

[44] Y. Angin, L.K. Steinbusch, P.J. Simons, S. Greulich, N.T. Hoebers, K. Douma, M.A. van
Zandvoort, W.A. Coumans, W. Wijnen, M. Diamant, D.M. Ouwens, J.F. Glatz, J.J.
Luiken, CD36 inhibition prevents lipid accumulation and contractile dysfunction in
rat cardiomyocytes, Biochem. J. 448 (2012) 43–53.

[45] R.W. Schwenk, Y. Angin, L.K. Steinbusch, E. Dirkx, N. Hoebers, W.A. Coumans, A.
Bonen, J.L. Broers, G.J. van Eys, J.F. Glatz, J.J. Luiken, Overexpression of vesicle-
associated membrane protein (VAMP) 3, but not VAMP2, protects glucose trans-
porter (GLUT) 4 protein translocation in an in vitro model of cardiac insulin resis-
tance, J. Biol. Chem. 287 (2012) 37530–37539.

[46] C. Aicart-Ramos, R.A. Valero, I. Rodriguez-Crespo, Protein palmitoylation and subcel-
lular trafficking, Biochim. Biophys. Acta 1808 (2011) 2981–2994.

[47] M.D. Resh, Fatty acylation of proteins: the long and the short of it, Prog. Lipid Res. 63
(2016) 120–131.

[48] A. Jochen, J. Hays, Purification of the major substrate for palmitoylation in rat adipo-
cytes: N-terminal homology with CD36 and evidence for cell surface acylation, J. Lipid
Res. 34 (1993) 1783–1792.

[49] N. Tao, S.J. Wagner, D.M. Lublin, CD36 is palmitoylated on both N- and C-terminal
cytoplasmic tails, J. Biol. Chem. 271 (1996) 22315–22320.

[50] R.F. Thorne, K.J. Ralston, C.E. de Bock, N.M. Mhaidat, X.D. Zhang, A.W. Boyd, G.F. Burns,
Palmitoylation of CD36/FAT regulates the rate of its post-transcriptional processing in
the endoplasmic reticulum, Biochim. Biophys. Acta 1803 (2010) 1298–1307.

[51] M.M. van Oort, R. Drost, L. Janbetaen, J.M. Van Doorn, J. Kerver, D.J. Van der Horst, J.J.
Luiken, K.C. Rodenburg, Each of the four intracellular cysteines of CD36 is essential
for insulin- or AMP-activated protein kinase-induced CD36 translocation, Arch.
Physiol. Biochem. 120 (2014) 40–49.

[52] J. Valdez-Taubas, H. Pelham, Swf1-dependent palmitoylation of the SNARE Tlg1 pre-
vents its ubiquitination and degradation, EMBO J. 24 (2005) 2524–2532.

[53] Y. Liu, D. Neumann, J.F. Glatz, J.J. Luiken, Molecular mechanism of lipid-induced car-
diac insulin resistance and contractile dysfunction, Prostaglandins Leukot. Essent.
Fatty Acids (2016).

[54] N. Fulop, M.M. Mason, K. Dutta, P. Wang, A.J. Davidoff, R.B. Marchase, J.C. Chatham,
Impact of type 2 diabetes and aging on cardiomyocyte function and O-linked N-
acetylglucosamine levels in the heart, Am. J. Physiol. Cell Physiol. 292 (2007)
C1370–C1378.

http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0135
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0135
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0135
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0140
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0140
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0140
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0145
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0145
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0145
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0150
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0150
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0150
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0155
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0155
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0155
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0160
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0160
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0160
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0165
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0165
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0165
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0170
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0170
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0170
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0175
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0175
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0180
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0180
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0185
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0185
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0185
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0190
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0190
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0190
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0195
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0195
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0195
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0200
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0200
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0200
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0200
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0205
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0205
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0210
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0210
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0210
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0215
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0215
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0215
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0215
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0215
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0220
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0220
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0220
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0220
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0225
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0225
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0225
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0225
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0225
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0230
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0230
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0235
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0235
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0240
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0240
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0240
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0245
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0245
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0250
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0250
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0250
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0255
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0255
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0255
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0255
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0260
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0260
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0265
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0265
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0265
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0270
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0270
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0270
http://refhub.elsevier.com/S0925-4439(16)30222-8/rf0270

	Post-�translational modifications of CD36 (SR-�B2): Implications for regulation of myocellular fatty acid uptake
	1. Introduction
	2. Glycosylation of CD36
	3. Acetylation of CD36
	4. Phosphorylation of CD36
	5. Ubiquitination of CD36
	6. Palmitoylation of CD36
	7. Conclusions and perspectives
	Conflict of Interest
	Transparency document
	Acknowledgements
	References


