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Abstract: Platelet glycoprotein 4 (CD36) (or fatty acyl translocase [FAT], or scavenger
receptor class B, member 3 [SCARB3]) is an essential cell surface and skeletal muscle
outer mitochondrial membrane glycoprotein involved in multipleciams in the body.

CD36 serves as a ligand receptor of thrombospondin, long chain fatty acids, ologized
density lipoproteins L(DLs) and malarianfected erythrocytes. CD36 also influences
various diseases, including angiogenesis, thrombosis, atherosclerosis, malaria, diabetes,
steatosis, dementia and obesity. Genetic deficiency of this protein results in significant
changes in fatty@ad and oxidized lipid uptake. Comparative CD36 amino acid sequences
and structures an@D36 gene locations were examined using data from several vertebrate
genome projects. Vertebrate CD36 sequences shaid®d®% identity as compared with

291 32% sequencédentities with other CD3dike superfamily members, SCARB1 and
SCARB2. At leaskeightvertebrate CD3@N-glycosylation sites were conserved which are
required for membrane integration. Sequence alignments, key amino acid residues and
predicted secondarytractures were also studied. Three CD36 domains were identified
including cytoplasmic, transmembrane and exoplasmic sequences. Conserved sequences
includedN- and C-terminal transmembrane glycines; and exoplasmic cysteine disulphide
residues; TSR and PEbinding sites, Thr92 and His242, respectively; 17 conserved
proline and 14 glycine residues, which may
basic amino acid residues, and may contribute to fatty acid and thrombospondin binding.
Vertebrate CD36 genes usually contained 12 coding exons. The hui@&36 gene
contained transcription factor binding sites (including PPARG and PPARA) contributing to

a high gene expression level (6.6 times average). Phylogenetic analyses examined the
relationships and potéal evolutionary origins of the vertebrat€D36 gene with
vertebrateSCARBland SCARB2genes. These suggested ti@iD36 originated in an
ancestral genome and was subsequently duplicated to form three ver(ebB&&egene

family membersSCARB1SCARB2NndCD36
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1. Introduction

Platelet glycoprotein 4 (CD36kl(ster ofdifferentiation36) (or fatty acyl translocase [FAT]; and
scavenger receptor class B, member 3 [SCARB3]) is one of at least three members of thi&eCD36
family that is an integral membrane protein of many tissues of the body which plays a role in fatty acyl
translocationand as a multiple ligand cell surface receptor of oxidized LDL lipoproteing Ddy,
long chain fatty acids, aged neutrophils @ldsmodium falciparusparasitized erythrocytes (PE)
which has been implicated in several diseases including insulin resistdinbetes, atherosclerosis
and malaria [110]. CD36 has also been reported on the outer mitochondrial membrane of skeletal
muscle and serves a long chain fatty acid transport role, as well as contributing to the regulation of fatty
acid oxidation by muge mitochondria [11]. In addition, CD36 contributes to cerebrovascular oxidative
stress and neurovascular dysfunction induced by ampla@dt a i n Al zeheil3handd s ¢
may ser vseemsionigiépirdol e i n the b o dsyalipidreteptor protdinr o a d
which influences eating behavior and energy balance [14]. Moreover, a specificdep&tdent
signaling pathway has been proposed for platelet activation-hypbx15].

SCARBL1 (also called CLAL, SRB1 and CD36L1), a second mewibide CD36like family, is a
homaooligomeric plasma membrane cell surface glycoprotein receptor for high density lipoprotein
cholesterol (HDL), other phospholipid ligands and chylomicron remnani((J.6SCARB2 (also
called LIMP2 (lysosomal integral merane protein), SRB2 and CD36L2) is a third member of the
CD36 family predominantly integrated within lysosomal and endosomal membranes which contributes
to lysosomal membrane organization and transport functioin@$2.1

The gene encoding CD3€&€D36 in humans;Cd36in mice) is localized on chromosome 7 ql11.2
and is encoded by 15 exons, including 12 coding exorifB6HumanCD36 is expressed at very
high levels in various cells and tissues of the body, including platelets, monocytes/macrophages, anc
microvascular endothelial cells, plays important roles in atherosclerosis, inflammation, thrombosis and
angiogenesis [4,6,7,882], and is upregulated in human monocytes following statin administration [33].
Studies of Cd36/Cd36 knockout mice have shown thaCD36-deficiency protects against
Westerntype diet related cardiac dysfunction {34] and contributes to a reduction in fatty acid
oxidation by muscle mitochondria [11,37]. Human clinical studies have also exarGiD8é
polymorphisms associated with leanced atherosclerotic cardiovascular diseases [38,39], type |l
diabetes [9], oral fat perception, fat preference and obesity in AfAcagricans [40] and protection
from malaria [41,42]. In addition, hepati€D36 upregulation has been shown to be assediavith
insulin resistance, hyperinsulinaemia, and increased steatosis in patients witicatalic
steatohepatitis and chronic hepatitis C [43]. Reviews of the role of macrophage human CD36 in
atherosclerosis have been published [7,44].

This paper repws the predicted gene structures and amino acid sequences for several vertebrate
CD36genes and proteins, the secondary structures for vertebrate CD36 proteins, several potential site
for regulating humanCD36 gene expression and the structural, phylegenand evolutionary
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relationships for these genes and enzymes with those for vert€ip@® SCARBland SCARB2
gene families.

2. Results and Discussion
2.1 Alignments of Vertebrate CD36 Amino Acid Sequences

The deduced amino acid sequences for cBws(tauru}, opossum Nlonodelphis domestiga
chicken Gallus gallug, frog (Xenopus tropicallsand zebrafish§anio rerio) CD36 are shown in
Figure 1 together with previously reported sequences for human and mouse CD36 (Tabk6].) [45
Alignments of hman with other vertebrate CD36 sequences examined wérHO@% identical,
suggesting that these are products of the same family of genes, whereas comparisons of sequenc
identities of vertebrate CD36 proteins with human SCARB1 and SCARB2 proteins exihowtsd
levels of sequence identities {32%), indicating that these are members of disi@ZidB6like gene
families (Supplementary Table 1).

The amino acid sequences for eutherian mammalian CD36 contained 472 residues, whereas
opossum onodelphis domeist), platypus QOrnithorhynchus anatingsand chicken Gallus gallug
CD36 sequences contained 471 residues, vitate (Xenopus tropicalisand zebrafishQ§anio rerio)
CD36 sequences contained 470 and 465 amino acids, respectively (Table 1; Figure 1). Previous studie
have reported several key regions and residues for human and mouse CD36 proteins (human CD3!
amino acid residues were identified in each case). Theded&t cytoplasmicN-terminal and
C-terminal residues: residues62and 462472; N-terminal andC-terminal tranamembrane helical
regions: residues-Z8 and 440161 [32,45]; palmitoylated cysteine residues (Cys3; Cys7; Cys464; and
Cys466) in theN- and C-terminal CD36 cytoplasmic tails [47]; exoplasmic Thr92, which is
phosphorylated by protein kinase C alpha and contributes to the suppression of thrombedspondin
bindingin vitro [48]; His242 which contributes to the interaction of CBfpendent endotheliakll
adherence withPlasmodium falcuruni4]; and six exoplasmic disulfide bond forming residues:
Cys243, Cys272, Cys311, Cys313, Cys322 and Cys333 [49].
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Table 1L CD36, SCARBland SCARBZ2genes and proteinfkefSeq the reference amino acid sequence; predicted Ensembl amino acid
sequence; naot available; GenBank IDs are derived froBI http://www.ncbi.nlm.nih.gov/gerdank/; Ensembl ID was derived from
Ensembl genome databasdtp://www.ensembl.org* designates scaffold; Un refers to unknown chromosome; UNIPROT refers to
UniprotKB/SwissProt IDs for individual CD38ike proteins (seéttp://kr.expasy.org Un-refersto unknown chromosome; bps refers to base
pairsof nucleotide sequences; the number of coding exons are listed; gene expression levetddare in

CD36 Gene Species RefSeq ID GenBank ID | UNIPROT | Amino | Chromosome Coding | Gene Size | Gene
Ensembl/NCBI ID acids | location Exons bps Expression
(strand) Level
Human Homo sapiens NM_001001547 | BC008406 P16671 472 7:80,275,6480,303,732 12 (+ve)| 72,231 6.6
Chimpanzee Pan troglodytes XP_519573 na na 472 7:81,142,40281,169,764 12 (+ve) | #27,363 na
Orangutan Pongo abelii XP_002818343 na na 472 7:95,750,73385,779,630 12 (ve) | #28,898 na
Gibbon Nomascus leucogenys | XP_003252221 na na 472 *GL397261:11,570,4331,598,114 | 12 (+ve)| #27,682 na
Rhesus Macaca mulatta NP_001028085 | na na 472 3:136,626,102.36,653,066 12 (+ve) | #27,682 na
Mouse Mus musculus NM_001159555.1] BC010262 Q08857 472 5:17,291,54317,334,712 12 (ve) | 43,170 4.2
Rat Rattus norvegicus NP_113749 L19658 Q07969 472 4:13,472,53413,522,334 12 (+ve) | 49,801 0.3
Guinea Pig Cavia porcellus XP_003469862 na na 472 *31:20,074,61120,098,210 12 (+ve) | #23,600 na
Cow Bos taurus NM_17410 BC103112 P26201 472 4:40,585,62440,614,621 12 (ve) | #28,998 na
Dog Canis familaris NM_001177734 | ADE58431 na 472 18:23,334,17423,360,045 12 (+ve) | #25,875 na
Pig Sus scrofa NP_001038087 | AK400585 Q3HUX1 | 472 9:93,204,8483,241,842 12 (-ve) | #36,995 na
Rabbit Oryctolagus cuniculus XP_002712062 na na 472 7:35,303,11435,333,630 12 (ve) | #30,520 na
Horse Equuscaballus XP_001487957 na na 472 4:6730,96698,607 12 (ve) | #25,512 na
Elephant Loxodonta africana XP_003407226 na na 472 5: 69,036,73669,073,879 12 (ve) | #37,150 na
Opossum Monodelphis domestica | XP_001364375 na na 471 8:149,041,138149,075,533 12 (-ve) | #34,396 na
Platypus Ornithorhynchus anatinug XP_001506583 na na 471 *Ultra5:3,505,9633,536,963 12 (ve) | #31,001 na
Chicken Gallus gallus ENSGALG8439 | AJ719746 FINER9 471 1:12,077,30812,107,415 12 (ve) | 30,108 na
Lizard Anolis carolinensis XP_003221568 na na 472 5:93,087,943€3,120,933 12 (ve) | #32,991 na
Frog Xenopus tropicalis NP_001107151 | na na 470 *GL172681:663,556579,762 12 (ve) | #16,213 na
Zebrafish Danio rerio NP_001002363.1| BC076048 Q6DHC7 465 4:21,594,4421,606,961 12 (ve) | 12,513 na
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Table 1 Cont
SCARB1Gene | Species RefSeq ID GenBank ID | UNIPROT | Amino | Chromosome Coding | Gene Size | Gene
Ensembl/NCBI ID acids | location Exons bps Expression

(strand) Level
Human Homo sapiens NM_00505 BC022087 Q8WVTO | 509 12:125,267,23225,348,266 12 (-ve) | 81,035 13.7
Mouse Mus musculus NM_001205082.1 BC004656 Q61009 509 5:125,761,478.25,821,252 12 (ve) | 63,985 5.1
Chicken Gallus gallus XP_415106 na na 503 15:4,543,0544,558,954 12 (+ve)| 15,901 na
Zebrafish Daniorerio NM_198121 BC044516 E7FB50 496 11:21,526,5121,572,478 12 (ve) | 45,684 na
SCARB2Gene
Human Homo sapiens NM_005506 BT006939 Q53Y63 478 4:77,084,37877,134,696 12 (ve) | 50,316 3.2
Mouse Mus musculus NM_007644 BC029073 035114 478 5:92,875,3302,934,334 12 (ve) | 59,005 3.6
Chicken Gallus gallus XP_42093.1 BX931548 na 481 4:51,411,2681,429,620 12 (+ve)| 18,353 na
Zebrafish Danio rerio NM_173259.1 BC162407 Q8JQR8 | 531 5:63,942,09653,955,449 13 (+ve) | 13,354 na
CD36Gene
Lancelet Branchiostoma floridae | XP_002609178.1 | na na 480 Un:534,334,23434,343,082 12 (+ve)| 8,849 na
Sea squirt Ciona intestinalis XP_002127015.1 | na na 523 09p:2,872,3622,873,903 1 (-ve) 1,542 na
Nematode Caenorhabditis elegans | NM_067224 na QI9XTT3 534 111:12,453,60912,456,726 8 (+ve) | 3,118 4.6
Fruit fly Drosophila melanogaster| NP_523859 na na 520 2R:20,864,6060,867,116 6 (-ve) #2,511 na
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Figure 1. Amino Acid Sequence Alignments for Vertebrate CD36 Sequerias Table 1 for sources of CD36 sequenceshiinan;

Mo-mouse; Cecow; Opopossum; Cichicken; Ffrog; Zf-zebrafish; * shows identical residues for CD36 subunits; : similar alternate
residues; . dissimilar alternate residues; predicted cytoplasmicessadel shown ired predicted transmembrane residues are showiui
N-glycosylated and potenti&l-glycosylated Asn sites are greern exoplasmic Thr92, which is phosphorylated by pyruvate kinase alpha, is
shown in-; predicted disulfide bond Cyesiduesare shown irblue p r e dhelices ®rdvertdborate CD36 are shaded yellowand
numbered in sequence from the start -shdets ard ishaded gredandc ailse dumberedbip | a s mi
sequencebold underlined font sows residues corresponding to known or predicted exon start sites; exon numbers refer ODBdTENE

exons; residues refeto conserved glycines in tidé andC-terminal oligomerisation domains of the tranembrane sequence [49]; CD36

binding domains are identified: THRefers to binding region for lowensity lipoproteins [B8]; neutrophil phagogosis domairdesignated

by [3,7]; PE binding refers to cytoadherence regioRlasmodium falciparunparasitized erythrocytes (PE) to endotheliallsddl].

Exonl exon 2 1€ [THP-bindl'ng domain >
| ] €< al exoplasmic Bl a2 B2 B3 p4

Hu M-GCDRNCGLIAGRAVI| VLAVFIGGILMPVCDLLIQKT IKKQVVLEEGT IAFKNWVKTGTEVYROFWIFDVONPOEVMMNSSNIQVKOQRCPY@YRVREFLAKENVTOQDAEDNTVSFLOPNG 119
Mo M-GCDRNCGLIAGRAVI VLAVFGGILHPVGDMLIEKTIKREVVLEEGTTA?KNWVKTGTTVYRQFWIFDVQNPDDVAKNSSKIKVKQRGPY ﬁVRYLAKENITQSPEDHTVSFVQPNG 119
Co M-GCNRNCGLIAGRAVI VLAVFGGILHPVGDMLIEKTIKKEVVLEEGTIA?KNWVKTGTSVYRQFWIFDVQNPDEVTVNSSKIKVKQRGPY EVRYLAKENITQSPETHTVSFLQPNG 119
op E—GCDBNCGLIT VI GVLAVLGGILHPVGDMIVQNTIKKECVIEDGTIAYKNWVKTGTEVYRQFWIFDVQNPEEVMINSTKLKVKQRGPY EVRYLAKENLTQNS—DNTISFVQPNG 118
Ch M-TCNRSCGLLT| VI WVLAIFIGG IPVGDNLINRAIKKDAVISNGTIAYDNWLVPGSSVYROFWIFNVENPSDVLNEGARPKLEQRGPYMYRVRYLPEENITENP-NGTISYMLFNA 118
Fr M-CCSTKCWLIVGSVI] uLLAILGGILFPVGDMIINKEISTEAVIEEGTIAVENWIEAGSPVYRHFWIYHV“NPDEIIN -GGKPILOOKGPY| EVRYLPKENITQLE—NNTVSYWQPNG 117
Z %ﬂ %AL 119
=

Zf MTCCDORCALITGAVL IALLGGILIPVGDMIIKNLVHKE”VLENGTLA“DTWTSVDIAMYRQFWIFNVENPDKVLDEGSKPVLVQKGPY RVRYIPKTNITFND-NNTVSEVLPAG
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| (—Neutrophll phagucvtums domain—=>
B5 exon 3 B6 a3 exon 4 B7 ad exon 5 B8 [:3:] Excn 6
Hu ATFEPSLSVGTEADNEFTVLNLAVAAASHIYONQFVOMILNSLINKSKSSMEFOQVRTLRELLWGYRDPFLSLVPYP-VITTVGLFY PYNNTADGVYRKVENGKDNISKVAITDTYKGKRNLSY Z23B
Mo AIFEPSLSVGTEDDNFTVLNLAVAEAPHIYQNSFVQVULNSLIKKSKSSMEQTRSLKELLWGEKDP?LSLVPEP*lSTTVGV?YEENDTVEGVYKVFNGKEN:SKVAIIESYKGKENLSY 238
Co AIFEPSLSVGTEDDTEFTILNLAVAAAPQLY PNTFMOGILNSFIKKSKSSMEFONRTLKELLWGY TDPFLNLVPYP-ITTTIGVEYPYNNTADGIYRVENGKDDISKVATITIDTYKGRENLSY 238
Op AIFERRLSVGTENDSETVLNLAVAARPILYPNSEVOMVLNSEIKKSHSSMEQVRTLKELLWGYKDPELSLVPYP— leTVGV“YEYNNTV“GVYKVYNGKDBZSKVAIIDTYKDKKNL:F 237
Ch ARFEP“MSVGTENDTITCLNLAVVAAPALYKNNFIQLLLNTWLKDSKSNMLQNRTVKEILWGVKDP“LNKVP“P LDEVLGVEYPYNCGTSDGLYRVY TGKEDISKTAIIESYKNKRNLSY 237
Fr AIFQREGSYGPEEDTYTVLNLAVAARPAMEFP--ALQCLLNAIIKSSNSSLEQVRSVKELLWCGYRDFELEKIPL DaIDKTTGL“YENNGTA“GIYHVYNGKGEISKVAIIDRYKEAKALPY 235

ZE ATFEPSMSVGSEEDVFTSLNLAVAGVYRLIG————EKLADWLLRDSGSDLFQNRTVKELLNGVKDPMLN ———————— SLVGA“YEYNGTV“GPYTVFmGK33'NKVA'IERWQGETSVNY 227
P i ek ok . L.k R ik ke ookEEE ke S ok %k kk dk ko kk sk ks s .
PE-binding excn 7 plﬂ pll pl2 exon 8 exon 9

Hu WES—lCDMINGEDAAS?PEFVEKSQVLQFFSSDICESIYAVFESDVNLKGIPVYRFVLPSKA?ASPVENPDNECFCTEKIISKNCTSEGVLSZSKCKEERPV!ISLPHPL!ASPDVSEPI 357
Mo WPS-YCDMINGTDAASFPPFVEKSRTLRFFSSDICRSIYAVFGSEIDLKGIPVYREVLPANAFASPLONPDNHECFCTEKVISNNCTSYGVLDIGKECKEGKPVYISLPHFLHASPDVSEPT 357
Co WSS—YCDLINGEDAAS?PEFVEKTRVLQFFSSDIEESIYAVFGAEINLKGIPVYRFILPSFAFASP?QNESNHCFCTEKIISKNCTL!GVLDZGKCKEEKPVYISLEHFLHGSEELAEEI 357
Op WPC-YCDMINCTDAASFPPFVEKTRILRFFSSDICRSIYAEFEHEVNLKGIPVYREVLPSKAFASPTVNPDNDCFCTEKIISKNCTEACGVLDISTCKDRKPVYISLPHFLHASPDVPEPL 356
Ch WEG-— YCDLVNGTDGAS“PPFVKKNQVLRFFSSDICRSIYGVYQTSKTVKGIPLYRFTVPREA”AaP DVG“N“CFCMDQVISQNCTLAGVLBISSCKAGRPV“IbLPHFLHASEalLHDV 356
Fr WNDDFCDMINGCTDAASFPPSVKKDKRLYFFSSEICRSIYCIFEKEYMVKCIKLYRFVVTEDAMASPTKNPDNHEFCKDFQLSRNCTAARCVLDLRSEQGGKPIFLSLPHFLYASDYLLDSV 355
Zf NND;YCDKINGSDGSS”HPFLDKKEPLYFFSPDICRSISAEYEATVNLKGIDVYRYLLPV“ALAaPVSNP“NMCYC”DHEITRNCTLAGLLSLTECK GTPV ISLPHFLYASTELQOQOGV 346

E L LEE pwEgw_pkw ok oz k| ok k¥ cokEwkw | g cE sk s s ke ek e . Pk S S B T = T T T T
- B1l3 exon 10 Bl14 exon 11 pls T as exoglasmlc-) exon 12 11
Hu EGLNPNEEEHRTYLDIEPETG?TLQFAKRLQVNLLVKPSEKZQXLKNLKRNYIVPILWLNEEGTIGDEKANM:RaQVLGKINLLGLIEMILLSVEWVMFVBFMISICACRSKTIK———— 472
Mo EGLHPNEDEHRTYLDVEPITG?TLQFAKRLQVNILVKPARKZEALKNLKRPYIVPILWLNETGTIGDEKAEMFKTQVTGKIKLLGMVEMHTTlI_ VMEFVAFMISYCACKSENGK-—--- 472
Co ESLSPNEEEHSTYLDUEPETG?TLRFAKRLQVNMLUKPAKKIEELKNLKHNYIVPILWLNEEGTIGDEKAEMFRNQVTGKINLLGLVEIVLL&V_vvaIAFMISYCACRSKRVN———— 472
op EGLNPNEEEHRTYLDVEPITG?TLQFAKRLQVNILVKPVKKIDTLSKLKRNYLIPILWLNETGTIGDEKAEMFRKQVTGKISLLGLVEMVLLTVEIVTFVBSHIRICVCRSKKVK———— 471
Ch EGLSPNEEEHETFLDVEPETG?TLQFAKRLQVNLLV“PSSK"EELSKVQKPYVFPILWLNEEAVIGDEKAEMFRNKVTGRVQLLGVVQMVLIIAG VLFLAFMGSYFICRSEELK-——-—- 471
Fr SCLKPNKEEHETYIDVEPITGFTMHEAKRLOVNVMIQPTDKIEVMSKLOSELVEPVAWNLNETALIGDDSANMEKSKY TT PMKVVEILRIVLLCVGISVVFLACSITLCVRGSKKQR-———— 470
Zf VGMNPNLDEHSIFLDVEPITG“TLRFSKRLQVNMM!GPDD:IALLNK KEHTIIPILWLNETAVL“DETAKM:KNELISRMDMLEGLQIGLLVTG AIFLGCMIGLIVVCSEKPSKTNLS 465
o LaE kK wmkk. kg mkwmwk.: ok ks 11: A T E I T s PR L PR T |
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2.2 Comparative Sequences for Vertebrate CD3GlXcosylation Sites

Ten exoplasmidN-glycosylation sites for human CD36 have been previously identified for this
protein (Figure 1; Table 2) [50]. One of these sites (site 2) contained a proline residue at the second
position and may not function as &kglycosylation site due to proliriaduced inaccessibility [51].

Eight of these sites were predominantly retained among the 19 vertebrate CD36 sequences examine
(sites 4,5, 10,15, 19, 23 and 25) (Figure 1; Table 2). The sequence conservation observed for these
residues among the vertebrate CD36 sequences examined suggests that they contribute significantly t
the structure and function of vertebrate CD36 as a glycoprotein. TligolenN-glycosylation sites
observed for vertebrate CD36 sequences suggest a roedmteoglycan residues exposed on the
external surface of plasma membranes in the performance of CD36 functions in binding various lipid
molecules, including long chaifatty acids. This is also supported by recent animal model studies
examining the impacts of reducélglycosylation upon cardiac long chain fatty metabolism, which
demonstrated a key role fhirglycosylation in the recruitment of CD36 into cardiac membsd52].

2.3 Conserved Glycines in theNerminal Domain of the CD36 Traidembrane Sequence

The N-terminal region for vertebrate CD36 sequences (resici&sfar human CD36) contained
cytoplasmic (residues-2) and transnembrane (residuesZ®) motis which underwent changes in
amino acid sequence but retained predicted cytoplasmic anenteanbrane properties in each case,
respectively (Figre 1). Vertebrate N-terminal transmembrane sequences, in particular, were
predominantly conserved, especidity CD36 Glyl12, Glyl6 and Gly24/Gly25 residues, which were
observed among the vertebrate CD36 sequences examinede(E)g Site directed mutagenesis
studies of the related human SCARB1 sequence have demonstrated key rolgefonnus
transmembranesequence glycine residues, by facilitating oligomerisation and selective lipid uptake
by SCARBL1 conserved glycine residues [53] and similar roles may apply to the corSderednal
domain CD36 glycine residues. A recent report has shown, however,DB&ti€ capable of binding
acetylated and oxidized ledensity lipoproteins as a monomer, even though multiple ha@and
heteraprotein interactions are formed in the plasma membrane [8]. A conserved glycine residue was
also observed for the vertebra@terminal transmembrane sequences (human CD36 Gly452)
(Figurel), however the role for this residue has not been investigated.
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Table 2 PredictedN-glycosylation sites for CD36equencedNumbers refer to amino acids in the acid sequences, inclbdagparagine;
K-lysine; Fisoleucine; Hhistidine; Sserine; Fthreonine; Qglutamine; Daspartate; tyrosine; and Waline. Note that there are 25 potential
sites identified for vertebrate CD36 and other CIDB® sequences, including 10 sites for human CD36 (see Mjlycosylation sites were
identified using the NetNGlyc 1.0 web servettf://www.cbsdtu.dk/services/NetNGIlyE Higher probabilityN-glycosylation sites are imold.

Vertebrate | Species Site 1 Site 2* Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site 10 Site 11 Site12 Site 13
CD36

Human Homo sapiens 79NSSN | 102NVTQ 134NFTV | 163NKSK

Chimp Pan troglodytes 79NSSN | 102NVTQ 134NFTV | 163NKSK

Orangutan | Pongo abelii 79NSSN | 102NVTQ 134NFTV | 163NKSK

Gibbon Nomascus leucogenys 79NSSN | 102NVTQ 134NFTV | 163NKSK

Rhesus Macaca mulatta 79NSSN | 102NITQ 134NFTV | 163NKSK

Marmoset Callithrix jacchus 79NSSN | 102NVTQ 134NFTV

Mouse Mus musculus 79NSSK | 102NITQ 134NFTV

Rat Ratus norvegicus 79NSSK | 102NITQ 134NFTV

Guinea Pig | Cavia porcellus 79NSSN | 102NVTQ 132NDTF 172NRTL
Cow Bos taurus 79NSSK | 102NITQ 172NRTL
Horse Equus caballus 79NSSK | 102NITH 109NHTV 134NDTF

Dog Canis familaris 79NSSK | 102NITH 172NRTV
Pig Sus scrofa 79NSSV | 102NITQ 132NDTF

Rabbit Oryctolagus cuniculus 79NSSN | 102NVTQ 132NDTF

Elephant Loxodonta africana 79NSSN | 102NITQ 132NDTF

Panda Ailuropoda melanoleuca 79NSSA | 102NITH 132NDTL

Opossum Monodelphis domestica 79NSTK | 102NLTQ 131NDSF

Platypus Ornithorhynchus anatinus 79NNSK | 102NITK

Chicken Gallus gallus 46NGTI 72NPSD 102NITE 108NGTI 131NDTI 171INRTV
Zebra finch | Taeniopygia guttata 46NGGT | 72NPSE 102NVTE | 108NGTI 131NDTL 17INRTV
Lizard Anolis carolensis 46NGTI 79NGSQ | 102NITH 131INDTF

Frog Xenopus tropicalis 10INITQ | 107NNTV 162NSSL

Zebrafish Danio rerio 47NGTL 103NITF 109NNTV 168NRTV
Tetraodon Tetraodomigroviridis 77NGTT | 100NVTY | 105NDST 162NSSL

Sea squirt Ciona intestinalis 7ANVTN 120NKTY 143NGSE

Lancelet Branchiostoma floridae 100NITF 106NGTV | 122NMSF 129NDTF

Fruit fly Drosophila melanogaste| 80ONVTN | 90NGSK 118NGTL
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Table 2 Cont.

Vertebrate | Species Site 14 Site 15 Site 16 Site 17 Site 18 Site 19 Site 20 Site 21 Site 22 Site 23 Site 24 Site 25 No of
CD36 Sites
Human Homo sapiens 205NNTA 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 10
Chimp Pantroglodytes 205NNTA 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 10
Orangutan Pongo abelii 205NNTA 235NLSY 247NGTD 321INCTS 417NETG | 9
Gibbon Nomascus leucogenys 205NNTA 235NLSY 247NGTD 321INCTS 417NETG | 9
Rhesus Macaca mulatta 205NNTA 235NLSY 247NGTD 321INCTS 417NETG | 9
Marmoset Callithrix jacchus 205NNTA 235NLSY 247NGTD 321INCTS 417NETG | 9
Mouse Mus musculus 205NDTV 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 9
Rat Rattus norvegicus 205NNTV 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 9
Guinea Pig | Cavia porcellus 205NNTA 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 10
Cow Bos taurus 205NNTA 235NLSY 247NGTD 321INCTS 417NETG | 8
Horse Equus caballus 205NNTV 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 10
Dog Canis familaris 205NNTV 220NVSQ 235NLSY 247NGTD 321INCTS 417NETG | 9
Pig Sus scrofa 205NNTS | 206NTSD 235NLSY 247NGTD 321INCTS 417NETG | 9
Rabbit Oryctolagus cuniculus 205NNTV 220NISK 235NLSY 247NGTD 321INCTS 417NETG | 9
Elephant Loxodontaafricana 205NNTV 235NLSY 247NGTD 321INCTS 417NETG | 8
Panda Ailuropoda melanoleuca 208NNTA 238NLSY 250NGTD 324NCTS 420NETG | 8
Opossum Monodelphis domestica 204NNTV 234NLSF 246NGTD 320NCTS 416NETG | 8
Platypus Ornithorhynchus anatinus 204NNTA 234NLSY 246NGTD 320NCTS 416NETG | 7
Chicken Gallus gallus 204NGTS 234NLSY 246NGTD 320NCTL 416NETA | 10
Zebra finch | Taeniopygia guttata 205NGTS 247NGTD 321NCTI 417NESA | 9
Lizard Anolis carolensis 205NETL 232NKSM 247NTGD 321INCTG 417NETA | 9
Frog Xenopus tropicalis 202NGTA 245NGTD 319NCTA 415NETA | 7
Zebrafish Danio rerio 194NGTV 229NDSY | 237NGSD 311INCTL 406NETA | 9
Tetraodon Tetraodon nigroviridis 200NGTA 228NRTV | 243NGTD 317NCTL 416NETA | 9
Sea squirt Ciona intestinalis 232NQSR 260NMSE 276NGTD | 346NHTV 7
Lancelet Branchiostoma floridae | 182NDSL | 211INGTD 255NGTD 333NISI 420NEST | 9
Fruit fly Drosophila melanogaste 223NGTS 347NVSL 5
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2.4. Conserved Vertebrate CD36 Cysteine Residues

Ten cysteine residues of the vertebrate CD36 sequences were conserved, including two within eact
of the N- (Cys3 and Cys7) an@-terminal (Cys464 and Cys466) cytoplasmic ssges, and six
within the vertebrate exoplasmic sequences (Cys243; Cys272; Cys311; Cys313; Cys322; and Cys333
(Figure 1). The CD3@aN- andC-terminal conserved cytoplasmic cysteine residues have been shown to
be palmitoylated [47], which may contribute to protpiotein interactions, protein trafficking and
membrane localization [54]. Comparative studies of vertebrate SCARB1 sequences mavéhsiho
N- and C-terminal cytoplasmic sequences lacked any conserved cysteine residues in this region [55].
The six conserved exoplasmic vertebrate CD36 cysteine residues participate in disulfide bridge
formation for bovine CD36 (Cys24Bys311; Cys27Xys3B3; and Cys31&ys322),resulting in a
1-3, 26 and 45 arrangement of the disulfide briddd®]. In contrast, vertebrate SCARB1 exoplasmic
sequences contain only four conserved cysteine residues forming disulfide bridges (Cys281; Cys321;
Cys323; and Cy&34); a fifth cysteine (Cys251) was not conserved among vertebrate SCARB1
sequences [55]; and a conserved sixth cysteine (not observed in the CD36 sequence) (human SCARB
Cys384) which functions in lipid transfer activity [58].

2.5. Predicted SecondarStructures for Vertebrate CD36

Predicted secondary structures for vertebrate CD36 sequences were examined (Figure 1),
particularly for t el éxoshetasuoiires weseesimilae in eaehscase, U
wi t hhelx exténding beyond thi-terminal andC-terminal traname mbr ane r egi ons,
and 07, respectivel y. A consistent sequence o0
of the vertebrate CD36 sequencééterminal cytoplasmic sequenel-terminal transmembrane
sequence-U b 2U 2b 2b 3b 4b 5b 6U 3b 7zU 4b 8b 1-0 1-b 1-» 1-B 1 1-& 5C-terminal
transmembrane sequene€-terminal cytoplasmic sequence. Further description of the secondary and
tertiary structures for CD36 must await the determinatibthe three dimensional structure for this
protein, particularly for the exoplasmic region which directly binds oxidized LDL lipids and a wide
range of other lipidike structures, including long chain fatty acids 10].

2.6. Conserved Proline, Glyciaed Charged Amino Acid Residues within the CD36 Exoplasmic Domain

Supplementary Figre 1 shows the alignment of 7 vertebrate CD36 amino acid sequences for the
exoplasmic domain with colors depicting the properties of individual amino acids and conservation
observed for some of these protein sequences. In addition to the key vertebratar@ib@acids
detailed previously, others were also conserved, including 17 proline residues. A human CD36 genetic
deficiency of one of these conserved prolines (PYoS@r) confirmed the significance of this residue,
which lacked platelet CD36 [56]. Human G® deficiency has been shown to cause systemic
metabolic changes in glucose and long chain fatty acid metabolism [59]. Prolines play a major role in
protein folding and proteiprotein interactions, involving the cyclic pyrrolidine amino acid side chain,
which may introduce turns (or kinks) in the polypeptide chain as well as having destabilizing effects
on-h® | i x-strand donférmations [60]. In addition, the presence of sequential prolines within a
protein sequence may confer further restriction ifdifig conformation and create a distinctive
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structure, such as that reported for the mammaliaifHNaxchanger, which plays a major role in
cation transport [61]. Sequential prolines (ProP$8259) were conserved for 6 of 7 vertebrate CD36
sequences exaned and these may confer a distinctive conformation in this region supporting the lipid
receptor functions for this protein. Moreover, regions of water exposed proteins with high levels of
proline residues are often sites for profgintein interaction§62] and these residues may significantly
contribute to the binding of lipoproteins by the exoplasmic region of CD36. Similar results have been
recently reported for the vertebrate SCARB1 exoplasmic region, however in this case, 30 conserved
proline resides were observed [55].

Supplementary Fige 1 also shows conservation of 14 glycine residues for vertebrate CD36
exoplasmic domains, which due to their small size, may be essential for static turns, bends or close
packing in the domain, or required for émmmational dynamics during long chain fatty acid receptor
on-off switching, as in the case of the aspartate receptor protein [63]. Both proline and glycine residues
are frequently found in turn and loop structures of proteins, and usually influencéshddrmation
within proteins containing between 2 and 10 amino acids [61]. Evidence for these short loop structures
within vertebrate CD36 exoplasmic sequences was evident from the predicted secondary structures fo
vertebrate CD36 (Fige 1), with prolne and/or glycine residues found at the start of the following
structuresUl ( Pro28; Gly30), b1l {Gloywdy), bB2 (GPryR71LI))
andU5 ( Gl y 4 2 Olgreowet, @DB& sequential proline residues (PreRBER56) were locad
in a region with no predicted secondary structure (betvie€n and b 10) but wi t h
which suggests that this is a region of conformational significance for CD36.

In addition to the prolines and glycine residues for the vertebrate exopl&D3d6 sequences,
there are several conserved charged amino acid residue positions, including positively charged
Lys40/ Lys41l | ocated within the first predict «
and Lys101 within or near the predicted str8d/ st r a n d-binding dom&irP region;
Lys233/Lys235/Arg236 near the REi ndi ng domai n; Lys263 | ocated
within the bll strand and adjacent to a disul
b12 strandArglyy3340amear a disul phide bond;
strand; and Lys401/Lys409 within the | ast e xa
CD36 sequence have been potentially implicated in the binding and endocytosis of apoptoti
neutrophils: residues 1583; and 93120 (see [7]) The latter domain is called CLESH (for CD36
LIMP-1I Emp [erythrocyte membrane protein] sequence homology) which is predominantly
conserved, particularly near Thr3&hich is phosphorylated by proteimkise C alpha and contributes
to the suppression of thrombosponditindingin vitro [48]. One or more of these positively charged
CD36 exoplasmic regions may contribute to long chain fatty acid binding prior to the translocation of
fatty acids inside theell membrane. There are also several conserved acidic amino acid regions,
particularly a sequence of three acidic amino
strand. The conserved nature of these CD36 charged residues suggests that plagtikenlf roles
for this cell membrane protein, which may include serving as the long chain fatty acid CD36 receptor site.
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2.7. Alignments of Human CD36, SCARB1 and SCARB2

The amino acid sequences for human CD36, SCARB1 and SCARB2 (see Table 1)nact ialig
Figure 2. The sequences were3% identical and showed similarities in several key features and
residues, including cytoplasmibl-terminal and C-terminal residuesN-terminal and C-terminal
transmembrane helical regions; exoplasmic disulfide bond forming residues, previously identified for
bovine CD36: Cys24&ys311; Cys27Xys333; and Cys31@ys322 [47]; several predicted
N-glycosylation sites for human CD36 (10 sites), SCARBL1 (9 site$)S&ARB2 (9 sites), of which
only two are shared between these sequentgtyCosylation sites 15 and 21 (Table 2); and similar
predicted secondary structures previously identified for SCARB1 [S5lEl). The Cys384 residue,
for which the freeSH growp plays a major role in SCARBhediated lipid transport [57], was unique
to SCARB1, being replaced by other residues for the corresponding CD36 and SCARB2 proteins
(Phe383 and Ala379, respectiveli-terminal transmembrane glycine residues, which playoke in
the formation of SCARBL1 oligomers [53], were also observed for the human CD36 sequence, with
twin-glycines (Gly23Gly24) conserved for the vertebrate CD36 sequencesir@=ij. In contrast,
only one of these glycines (Glyl10) was observed for theamnuSCARB2 sequence. These results
suggest that human CD36, SCARB1 and SCARB2 proteins share several important properties, feature
and conserved residues, including being membban@d with cytoplasmic and transmembrane regions,
having similar secondasstructures, but being significantly different to serve distinct functions.

Alignments were also prepared for the predicted lancBletnChiostoma floridaeand sea squirt
(Cionaintestinalig CD36like sequences and a major epithelial membrane proteiP{EMmM fruit
fly (Drosophila melanogastgr(FBpp0072309) with the human CD36, SCARB1 and SCARB2
sequences (Fige 2). The lancelet, sea squirt and fruit fly sequences examined shared many features
with the CD36like human sequences, including tkeand C-terminal cytoplasmic and transmembrane
sequences; similarities in predicted secondary structures; positional identities for five conserved
cysteine residues, indicating conservation of at least 2 disulfide bridges for these proteins; predicted
N-glycosyhtion sites, including one which is shared across all ikeDsequences (site 15 in Table 2);
and tranamembrane glycine residues, which were observed in botk-tardC-terminal sequences.

2.8. Gene Locations and Exonic Structures for Vertebrate OB&86es

Table 1 summarizes the predicted locations for verteb@id@6 genes based upon BLAT
interrogations of several vertebrate genomes using the reported human CD36 sequence [45] and th
predicted sequences for other vertebk@R36 genes and the UC Santa Cruz genome browser [64].
VertebrateCD36 genes were transcribed on either the positive stramd, (@man, chimpanzee,
gibbon, rhesus, rat and dog genomes) or the negative strgnan@use, cow, pig, opossum, chicken,
frog andzebrafish genomes). Figure 1 summarizes the predicted exonic start sites for human, mouse
cow, opossum, chicken, frog and zebrafib36 genes with each having 12 coding exons, in identical
or similar positions to those reported for the hurGé&86 gene [3].
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Figure 2. Amino Acid Sequence Alignments for Human CD36, SCARB1, and SCARB2;
and Lancelet, Sea Squirt and Fruit Fly CBi&@ SequencesSeeTable 1 for sources of
CD36like sequences; HuCD3tuman CD36; HuSCAhuman SCARB1; HuSCA?2
human SCARB2; LaCB6-lancelet CD36; SsCD36ea squirt CD36; DmEMPTftuit fly
endothelial membrane protein; * shows identical residues for subunits; : similar alternate
residues; . dissimilar alternate residues; predicted cytoplasmic residues are shewyn in
predicted trasmembrane residues are shown btue N-glycosylated and potential
N-glycosylated Asn sites are showndreen; freeeSH Cys involved in lipid transfer for
human SCARBL1 is shown i-; predicted disulfide bond Cys residues are shown in
blue p r e dhelices wACD3@ike sequences are shaded yellonand numbered in
sequence from the start of t h e -sheatseackiirct ed e
shaded greyand also numbered in sequendmld underlined font shows residues
correspading to known or predicted exon start sites; exon numbers are #@metdues

refer to conserved glycines in ti and C-terminal oligomerisation domains of the
transmembrane sequence [49}:terminal SCARB residues refer to PDHEinding
domainsequences [189].

cytoplasmic exonl transmembrane €oal exoplasmic exon 2 exon 3
| | Bl a2 p2 p3
HuCD36 M- GCDRNCGLIN@AVIEthhVﬂ[EILMPVGDLLIQKTIKKQVVIEEGTIAFKV WVKTGTEVYRQEWIFDVONPQEVMMNSSNI-———-QVKORGPYTYR -~ VRFLAKEN 102
HuSCAl M- GCSAKARWAAGAH@VH@LLCth@AVMIVMVPSLIKQQVLKNVRID“SSLSFVM WEEIPIPFYLSVYFFDVMNPSEILKGE————— KPQVRERGPYVYR---EFRHKSN 102
HuSCA2 M-———————-———- GRCCFYTN@TLSLLLLVTSVTLLVRRVFQKAVDQSIEKKIVLRNGTEAFDS WEKPPLEWYTQFYFFNVTNPEEILRGE—————' TPRVEEVGPYTYR---ELRNKAN 99
LaCD36 M RCTLRVEVEVIEVEVLLLEMEIEAT FLEDSVLEDO I KKNGV IKQGSY LYDO-WSN I PVE IFMOEWVWD LLN PEEVLOGA-————— KPAVRQKGFYTYS---ERVVEIN 100
SsCD36 M-————— KASGCCGKKCQIISS@LIEPVLVVq[@ILMTVFDILYDPVISKQVAVV“GTVMYVLWWYDVKT“VYRSFYLFNVTWKEEFLAQK“GKYVK“VLQEIGﬁYT!RHALEFLAKDV 113
DmEMP1 MNGPKH KFCTKLSS TYLRKWWITIW}\MLII.IW}\CEFTVL IDAWDRMVALR"GAKTFGW—WAK" PVEPRISLY IYNVT\IADDFL SNGS----KAIVDEVGPYVYS---ETWEKVN 11 2
s kkk "
p4 B5 mpG u3 7 exon 4 ﬂ'i' om -
HuCD36 VIQDAEDN--—-TVSFLOPNGAIFEPSLSVG-TEADNFTVLNLAVAAAS————HIYQN--—--QFVOMILNSLINKSKS SMEQVRTLRELLWGYRDPFLSLVPYPVIT——————— TVGLEY 202
HuSCAl ITENNND-—--- IVSELEYRTEQFQPSKSHG-SESDY IVMPNILVLGAAVMMENKPMTLE——————] LIMTLAFTTLGERAFMNRTVGE IMWGYKDPLVNLINKYFPGMFPF——KDKFGLF 208
HuSCA2 IQFGDNGT----TISAVSNKAYVFERDQSVGDPKIDLIRTLNIPVLTVIEWS ——QVHFLR—————— EIIEAMLKAYQQKLEVIHTVDELLWGYKDEILSLIEVFRPDISP-——-YFGLFY 203
LacD36 TTEHDNG——--- TWSYLQPRTFTFLRNMSVG- PERDIFTSLNI PLMTIAELTENERDIVE—————— DLVSVIERLAQETLFMKLTVGGLVWGYNDSLLVDVAKLAPGLLPS——TEFGLFM 206
SsCD36 IQYLEFNKTYPEQVYYRQTAIFTFDQERSNG-SETDWVITENFIIALLPGLIDHIFEEGPARDATYTVENKLIRDTDSEILFIMTVGEYLFGFQDPLLTALLNI IAPGSD——-DVEGEED 229
DmEMP1 IVENDNG----- TLSYNLRKIYSEREDLSVG- PEDDVV. IVWI TMLSATSQSKI- ABRRFLR———--- LAMASIMDILKL KjE'VQVSVGQllWGYED’—‘ZLLKLAKDV\F KEQKLjYEEFGLLY 220
. * * ok ok .
exon 5 ES po exon 6 - exon 7 ﬂlO exon 8 ﬂll 512
HuCD36 PYNNTADG-VYKVENGKDNISKVAIIDTYKGKRNLSYWESH-—-COMINGTDAASFPPFVEKSQVLOFFSSDICRSTYAVEESDVN-LKGIPVYREVLPSKAFASPVENPONYCFCTEKT 317

HuSCAl AELNNSDSGLETVETGVQNISRIHLVDKWNGLSKVDEWESDQ-—-CNMINGTSGQMWPPFMTPESSLEFY SPEACRSMKLMYKESGV-FEGIPTYREVAPKTLEANGSIYPPNEGFCP——— 322
HuSCA2 E-KNGTNDGDYVFLTGEDSYLNFTKIVEWNGKTSLDWWITDK--CNMINGTDGDSFHPLITKDEVLYVEPSDFCRSVY ITFSDYES -VOGLPAFRYKVPAETLAN-——TSDNAGFCIP-- 314
LaCD36 GRKIHGTDGVYSV!TGDGDVTKVNVIDTWDGQKBLVYWGDGDjYCVMINGTDGVFFijITKDEKATLFSTDICRSVEGEFIRESS—VRGIPTYRYEAjERLFQSGDIVjAVKCYCQV—— 323
S$sCD36 LTNQSRGWRDYQVYTGRHFPHLNNEITKYRNMSELPYWFGET-—-CNMINGTDGTMTHPFMDKSKPTYFFIDEMCRSLHAVYESDFT-VEGIKGWKYSVPPEIFQSPLINEDNSCFCAD-L 345
DmEMP1 G—KNGTSSDRVTVNTGVDDIRRYGIIDNFVGRTPLjPWTTDA——CVTlAGTDGSIF““PIDPDRILHVYDKDLCRLLPLVFEKEVMTSVEVPGYRFT11EWVFADVDSP1DVMCFC1AG— 336

P . *: P _4 B ok . . . * Ai

exon 9 ﬂlB “Texon 10 pl4 exon 11 ﬂlS exon 12 a5
HuCD36 ISKNCTSYGVLDISKCKEGRFVYISLPHFLYASPDVSEPIDGLNP-NEEEHRTYLDIEPITGETLOQFAKRLOVNLLVKFSEKIQVLENLERNY IVFI LWLNETGT - [GDEKANMERSQVT 435
HuSCAl ————ClESGIQNVSTCRFSA1LFlSP1}FLVAD“VLAEAVTGLP1—VQEA}SLFLDIP1VTGITMNlSVKLQLSLYMKSVAGIGQTGKIE PVVLPLLWEFAESGA-MEGETLHTFYTQLV 435

HuSCA2 -EGNCLGSGVLNVSICKNGAPIIMSFPHFYQADEREVSATEGMHP-NQEDHETEVDINPLTGIILKARKRFQINIYVKKLDDEVETGDIR- TMVFPVMYLNESVP IDKETASRLKSMIN 430
LaCD36 -QA-CLESGLLNISICKQGAPVIMSSPEFYLGDQSLVDSIIGMEP-DPEQEKVYFEVEPLTGF PMNVAKRLOINIYVREVEH I LQTGNVR - EMFYPTLWLNESTF- TLPVNADKFKSQVT 438
SsCD36 WHETVCQHESGAILVSSCYYGVPLLVSLPEFLYEDGEYSEKLVGMNE- KKELPEMVLVYE“TTGMIIKTESRIQLNIYMK“WKKVKALVKIQEEFGFPLLWLNEWAV LQPSEASWESKLLY 463
DmEMP1 7K35C51VGLENVSLCQYD57IMlSFjPFYLADESLRTQVEGISijKEKPQFFFDVQjKMGTTLRVRARIQINLAVSQVFDIKQVAVFj DIIFPILWFEEGIDVLjDEVTDLMRFAEQ 454
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exoplasmic| transmemb:ane —_— cytoplasm:.c
HuCD36 GEINLLGLIEMILLSV|GVVMFVAFMISYCACRSKTIK 472
HuSCAl LMPKVMHYAQYVLLAL CVLLLVPVICQIRSQEKC!LFWSSSKKGSKDKEAIQA!SESLMTSAPKGSVLQEEEQ 509
HuSCA2 TTLIITN-IPYIIMALGVFFGLVFTWLACKGQGSMDEGTADERAPLIRT 478

E
E
E
E

LaCD36 NNIKLMYGVEYGMIAV|GCVLLIMFIILFVKYRKRSRREDMQ! 480

SsCD36 KVLDVVILLOVLICVLGAALMSLSLLCYLRCRKAYKTTKRAGSRKNLIIGQYNKDAELPTVTQNCVKF—————— 531

DmEMPL VE?KIRVALIVGLCALEVILLLLSTFCLIRNSHRQSTLHLEGSNYLATAQVDMNKKQNKDNQPAR! 77777777 520
. . *

Figure 3 shows the predicted structures of mRNAs for two major h@D&® transcripts and the
major Cd36transcripts for mouse and rad36genes [46,65,66]. The human transcripts wer&b
in length with 14 (isoform c) or 15 (isoform e) introns present for tk#386 MRNA transcripts and
i n each -unteasskted region3(BTR) was observdthe humanCD36 genome sequence
contained a number of predicted transcription factor bindieg §TFBS), including the dual promoter
structure of PPARA (peroxisome proliferatactivated recepted ) and PPARG ( pe
proliferatoractivated receptes ) si t es [ 67, 6 8 |Cd36dédneriseegulated in a tistuee m
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specific manner by PHRA in liver and by PPARG in adipose tissues [69]. Other TFBS sites predicted
for the human CD36 506 promoter region include
muscles peci fic and O6i mmedi at e edasslhgmeodgminamssriptiory 0] ;
factor [71]; FOXJ2, a fork head transcriptional activator which is active during early development [72];
XBP1, a transcription factor which is critical for cell fate determination in response to endoplasmic
reticulum stress [73]; and CDC5, aamiscription activator and cell cycle regulator [74]. Hepatic
upregulation of CD36 transcription in human patients has been recently shown to be significantly
associated with insulin resistance, hyperinsulinaemia and increased steatosis-altohohc
steatohepatitis and chntc hepatitis C [43].

Figure 3. Gene Structures and Major Splicing Transcripts for the Human, Mouse and Rat
CD36 Genes Derived from the AceView websitehttp://www.ncbi.nim.nih.gov/

IEB/Research/Acemblyhat ur e i soform vari antasidae®@® s hown
for the predicted mRNA sequences [62]; NM refers to the NCBI reference sequence; exons
are in pink; the direction¥3bpr stzaessofi pn

sequences are shown in kilobases (kb); predicted transcription factor binding sites (TFBS)
for humanCd36are shown: CART-la pairedaclass homeodomain transcription factor [71];
RSRFC4myocyte enhancement factor 2A transcription faci@d];] XBPl-transcription

factor [73]; FOXJ2fork-head transcription factor[72]; CD@Banscription activator and

cell cycle regulator; [74]; PPARAeroxisome proliferateactivated receptor alpha; and
PPARGperoxisome proliferateactivated receptor gamm@,68].

Human €D36 5'->3’ chromosome 7:79,836,828-80,146,532 size=309.7kb on plus strand
6.6 times average gene expression level

[ f C [HM]
[ 1 qg [MM]
Predicted transcription factor binding sites
CART1 RSRFC4 XBP1
FOXJ2 CDC5 PPARA PPARG
Mouse Cd36 5’3’ chromosome 5:17,394,781 to 17,287,508 size=107.3kb on minus strand
4.2 times average gene expression level
T i e I d e

Rat €d36 523’ chromosome 4:13,065,071 to 13,525,617 size=60.5kb on plus strand
0.3 times average gene expression level

Ia [NM]


http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/
http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/
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2.9. Comparative Human and Mouse CD36 Tissue Expression

Figure 4 presents O6heat maps6 showing compar
tissues obtained from GNF Expression Atlas Data using the U133A and GNF1H (human) and GNF1M
(mouse) chipsHttp://genome.ucsc.edittp://biogps.gnf.ory[75]. These data supported a broad and
high level of tissue expression for human and mdbB&6, particularly for adiposdissue, heart,
skeletal muscle and liver, which is consistent with previous reports for these genes [11,32,66]. Overall,
human andnouseCD36tissue expressions levels wer® 4imes the average level of gene expression
which supports the key role played this enzyme in fatty acid metabolism, especially in liver, muscle
and adipose tissue.

Figure 4. Comparative Tissue Expression for Human and M&B386 GenesExpression
Oheat ma [gr@ssioh Gias 2 datahtfp:/biogps.gnf.org were examinedfor
comparative gene expression levels among human and mouse tiss&33fbgenes
showing high (red); intermediate (black); and low (green) expression levelDi@syed
from human and mouse genome browsbtip{//genome.ucsc.efl{64].

GNF Expression Atlas 2 Data From Human U133A and GNF1H Chips for CD36
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The broad tissue and high level of gene expression reported for human andGb@éseflects
key roles for this major cell membrane and muscle outer mitochondrial membrane glycoprotein in fatty
acyl translocation and as a multiple ligand cell surface receptor of oxidized LDL lipoproteinBL(px
and long chain fatty acids [7,11,33,66lD36 has al so been described
lipid receptor role for cells and tissues of the body [8,40]. More@@86 upregulation is associated
with insulin resistance and hyperinsulinaemia, leading to liver pathology and increasesis{dai.
In addition, cardiomyocyte CD36 cell surface recruitment is induced by insulin,-dégEndent
protein kinase (AMPK) activity or contraction, and is regulated in its vesicular trafficking by the
RabGARAS160 substrate and AS&ab8a GTPase ac#ting protein (GAP) [7678]. These
features provide a link between cell membrane CD36 and the reported -stsulitated
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phosphorylation of AS160 involved with the translocation of the glucose transporter GLUT4 to the
plasma membrane [79,80]. It is algbavant to report that plasma levels of soluble CD36 are increased
in type 2 diabetic patients [81].

Significant levels of CD36 expression have also been described in brain tissues, where CD36
contributes to cerebrovascular oxidative stress and neuroaasiggfunction induced by amylelzeta
in Al zehei merbés dementia [12,13], and i-bmaint r an
barrier [82].

2.10 Phylogeny of Vertebrate CDd6ke Sequences

A phylogenetic tree (Figure 5) was calculated byghmgressive alignment of 21 vertebrate CD36
amino acid sequences with human, mouse, chicken and zebrafish SCARB1 and SCARB2 sequence:
The phylogenetic tree Braxhiosioma HoridaelCd36waqtehce fsdee |
Table 1). The phylogetie tree showed clustering of the CD36 sequences into groups which were
consistent with their evolutionary relatedness as well as groups for human, mouse, chicken and
zebrafish SCARB1 and SCARB2 sequences, which were distinct from the lancelet CD36 sequenc
These groups were significantly different from each other (with bootstrap values of ~100/100) with the
clustering observed supporting a closer phylogenetic relationship be@@@hand SCARB2 with
the SCARBIgene being more distantly related. Thissigygestive of a sequence ©@D36like gene
duplication events: ancestr@lD36 gene duplicationY SCARBland CD36 genes; followed by a
further CD36 duplication, generating thE CARB2and CD36 genes found in all vertebrate species
examined (Figre5). It isapparent from this study of vertebr&@®36-like genes and proteins that this
is an ancient protein for which a proposed common ancestor faZi36, SCARBland SCARB2
genes may have predated the appearance of fish > 500 million years ago [83]. Ih wahatllee
evolution of CD36 and other CD3ike proteins (SCARB1 and SCARBZ2), thrombospondins (TSPs)
are also undergoing evolutionary changes in their structures and functions [84], with gene duplication
events proposed at the origin of deuterostomes.

3. Methods
3.1. Vertebrate CD36 Gene and Protein Identification

BLAST (BasicLocal Alignment SearchTool) studies were undertaken using web tools from the
National Center for Biotechnologyformation (NCBI) fttp://blast.ncbi.nim.nih.gov/Blast.qggi85].
Protein BLAST analyses used vertebrate CD36 amino acid sequences previously d¢8gtijed
(Table 1). Norredundant protein sequence databases for seventabrate genomes were examined
using the blastp algorithm from sources previously described [55]. This procedure produced multiple
BLAST &éhitsd for each of the protein database
FASTA format, and a recorllept of the sequences for predicted mRNAs and encoded -(ik236
proteins. Predicted CD3&e protein sequences were obtained in each case and subjected to analyses
of predicted protein and gene structures.


http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Figure 5. Phylogenetic Tree of Vertebrate CD3énino Acid Sequences with Human,

Mouse, Chicken and Zebrafish SCARB1 and SCARB2 Sequenikegree is labeled with
theCD36l i ke gene name and the name of the ani
CD36 sequence. Note the 3 major clusters corresponding t€i3s SCARBland
SCARBZ2gene families. A genetic distance scale is shown. The number of times a clade
(sequences conon to a node or branch) occurred in the bootstrap replicates are shown.

Only highly significant replicate values of 95 or more are shown with 100 bootstrap
replicates performed in each case. A proposed sequer@ie3ff gene duplication events

is shown.

BLAT (Blastlike AlignmentTool) analyses were subsequently undertaken for each of the predicted
CD36 amino acid sequences using the UC Santa Cruz Genome Browser [64] with the default settings
to obtain the predicted locations for each of the vertelE&86 genes, including predicted exon
boundary locations and gene sizes. BLAT analyses were similarly undertaken for ve 3€ARB 1
and SCARB2genes using previously reported sequences in each case (see Table 1). Structures fol
human and mouse isoforms ljsmg variants) for humarCD36, mouseCd36 and ratCd36 were
obtained using the AceView website to examine predicted gene and protein structures [66].

3.2 Predicted Structures and Properties of Vertebrate CD36

Predicted secondary structures for vergdrCD36 proteins, human SCARB1 and SCARB2,
lancelet Branchiostoma floridae CD36, sea squirtQiona intestinaliy CD36 and a fruit fly
(Drosophila melanogastgrepithelial membrane protein (FBpp0072309) were obtained using the



