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Abstract: Scavenger receptor class B type 1 protein (SCARB1) plays an essential role in 

cholesterol homeostasis and functions in binding high density lipoprotein cholesterol (HDL) 

in liver and other tissues of the body. SCARB1 also functions in lymphocyte homeostasis and in 

the uptake of hepatitis C virus (HCV) by the liver. A genetic deficiency of this protein results 

in autoimmune disorders and significant changes in blood cholesterol phenotype. Comparative 

SCARB1 amino acid sequences and structures and SCARB1 gene locations were examined using 

data from several vertebrate genome projects. Vertebrate SCARB1 sequences shared 50%–99% 

identity as compared with 28%–31% sequence identities with other CD36-like superfamily 

members, ie, SCARB2 and SCARB3 (also called CD36). At least eight N-glycosylation sites 

were conserved among most of the vertebrate SCARB1 proteins examined. Sequence align-

ments, key amino acid residues, and conserved predicted secondary structures were also studied, 

including: cytoplasmic, transmembrane, and exoplasmic sequences; conserved N-terminal and 

C-terminal transmembrane glycines which participate in oligomer formation; conserved cystine 

disulfides and a free SH residue which participates in lipid transport; carboxyl terminal PDZ-

binding domain sequences (Ala507-Arg/Lys508-Leu509); and 30 conserved proline and 18 

conserved glycine residues, which may contribute to short loop formation within the exoplasmic 

HDL-binding sequence. Vertebrate SCARB1 genes usually contained 12 coding exons. The 

human SCARB1 gene contained CpG islands, micro RNA binding sites, and several transcription 

factor binding sites (including PPARG) which may contribute to the high level (13.7 times the 

average) of gene expression. Phylogenetic analyses examined the relationships and potential 

evolutionary origins of the vertebrate SCARB1 gene with vertebrate SCARB2 and vertebrate and 

invertebrate SCARB3 (CD36) genes. These suggested that SCARB1 originated in a vertebrate 

ancestral genome from a gene duplication event of an ancestral invertebrate CD36 gene.

Keywords: vertebrates, amino acid sequence, SCARB1, evolution, high-density lipoprotein 

receptor

Introduction
Scavenger receptor class B type 1 protein (SCARB1, also called CLA1, SRB1, and 

CD36 L1) is one of at least three members of the type 1 thrombospondin receptor 

CD36 (cluster of differentiation 36) family that serves as an homo-oligomeric plasma 

membrane cell surface glycoprotein receptor for high-density (HDL) lipoprotein 

cholesterol, other phospholipid ligands, and chylomicron remnants.1–10 SCARB1 

has also been implicated in the uptake of hepatitis C virus (HCV) in the liver11–14 

and in platelet activation.15 and may also participate in the phagocytosis of apoptotic 

cells.16–18 SCARB2, also called lysosomal integral membrane protein 2, SRB2, and 
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CD36 L2, is a second member of the CD36 family, pre-

dominantly integrated within lysosomal and endosomal 

membranes which may contribute to membrane organization 

and transport functions.19–23 A third member of the CD36 

family, SCARB3, also called CD36, fatty acyl translocase, 

and glycoprotein 88, is an integral membrane protein of 

many tissues of the body which plays a role in fatty acyl 

translocation and as a multiple ligand cell surface receptor of 

oxidized low-density lipoproteins, and has been implicated 

in several diseases, including insulin resistance, diabetes, 

atherosclerosis, and malaria.24–29

The gene encoding SCARB1 (SCARB1 in humans, 

Scarb1 in mice) is expressed at very high levels in vari-

ous cells and tissues of the body, including the adrenal 

cortex and medulla, liver, and lymphocytes.1,30,31 Studies of 

Scarb1−/Scarb1− knockout mice have shown that SCARB1 

deficiency causes autoimmune disease and an accumulation 

of cholesterol-rich HDL in the circulation and a reduction 

in biliary cholesterol excretion, which supports a major role 

for SCARB1 in the reverse cholesterol pathway.18,32,33 Human 

clinical studies have also examined SCARB1 polymorphisms 

associated with increased plasma HDL cholesterol levels, 

altered platelet functions, and a reduction in cholesterol 

efflux from macrophages.34–38 In addition, human SCARB1 

polymorphisms are associated with a number of major dis-

eases, including type 2 diabetes, atherosclerosis, autoimmune 

disorders, and malarial Plasmodium liver infection.33,39–42

Structures of vertebrate SCARB1 genes have been exam-

ined, including human,43,44 mouse,45 rat,46 cow,47 and salmon.48 

SCARB1 genes usually contain 12 exons of DNA encoding 

SCARB1 sequences which undergo exon shuffling, generat-

ing several isoproteins in each case.31,44,49–51

This paper reports the predicted gene structures and 

amino acid sequences for several vertebrate SCARB1 genes 

and proteins, the secondary structures for vertebrate SCARB1 

proteins, several potential sites for regulating human SCARB1 

gene expression and the structural, phylogenetic, and evo-

lutionary relationships for these genes and enzymes with 

those for vertebrate SCARB2 and SCARB3 (CD36) gene 

families.

Materials and methods
vertebrate SCARB1 gene and protein 
identification
BLAST (Basic Local Alignment Search Tool) studies were 

undertaken using web tools from the National Center for 

Biotechnology information site (http://blast.ncbi.nlm.nih.

gov/Blast.cgi).52 Protein BLAST analyses used vertebrate 

SCARB1 amino acid sequences previously described 

(Table 1). Non-redundant protein sequence databases for sev-

eral mammalian genomes were examined using the BLASTP 

algorithm, including human (Homo sapiens),53 chimpanzee 

(Pan troglodytes),54 rhesus monkey (Macaca mulatta),55 

cow (Bos taurus),56 mouse (Mus musculus),57 rat (Rattus 

norvegicus),58 opossum (Monodelphis domestica),59 platypus 

(Ornithorhynchus anatinus),60 chicken (Gallus gallus),61 liz-

ard (Anolis carolinensis),62 frog (Xenopus tropicalis),63 and 

zebrafish (Danio rerio).64 This procedure produced multiple 

BLAST “hits” for each of the protein databases which were 

individually examined and retained in FASTA format, and 

a record was kept of the sequences for predicted mRNAs 

and encoded SCARB1-like proteins. These records were 

derived from annotated genomic sequences using the gene 

prediction method, ie, GNOMON and predicted sequences 

with high similarity scores for human SCARB1. Predicted 

SCARB1-like protein sequences were obtained in each case 

and subjected to analyses of predicted protein and gene 

structures.

BLAT (Blast Like Alignment Tool) analyses were subse-

quently undertaken for each of the predicted SCARB1 amino 

acid sequences using the UC Santa Cruz Genome Browser65 

with default settings to obtain the predicted locations for each 

of the vertebrate SCARB1 genes, including predicted exon 

boundary locations and gene sizes. BLAT analyses were simi-

larly undertaken for other vertebrate SCARB1, SCARB2, and 

SCARB3 (CD36) genes using previously reported sequences 

in each case (see Table 1). Structures for human and mouse 

isoforms (splicing variants) were obtained using the AceView 

website to examine predicted gene and protein structures.31

Predicted structures and properties  
of vertebrate SCARB1
Predicted secondary structures for human and other vertebrate 

SCARB1 proteins were obtained using the PSIPRED v2.5 

web site tools provided by Brunel University.66 Molecular 

weights, N-glycosylation sites,67 and predicted transmem-

brane, cytosolic, and extracellular sequences for vertebrate 

SCARB1 proteins were obtained using Expasy web tools 

(http://au.expasy.org/tools/pi_tool.html).

Comparative human and mouse SCARB1 
gene expression
The genome browser (http://genome.ucsc.edu)65 was used to 

examine GNF Expression Atlas 2 data using various expres-

sion chips for human and mouse SCARB1 genes (http://

biogps.gnf.org).68 Gene array expression “heat maps” were 
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examined for comparative gene expression levels among 

human and mouse tissues showing high (red), intermediate 

(black), and low (green) expression levels.

Phylogeny studies and sequence 
divergence
Alignments of vertebrate SCARB1, SCARB2, and 

SCARB3 sequences were assembled using BioEdit v.5.0.1 and 

the default settings.69 Ambiguous alignment regions, including 

the amino and carboxyl termini, were excluded prior to phylo-

genetic analysis, yielding alignments of 431 residues for com-

parisons of vertebrate SCARB1 sequences with human, mouse, 

chicken, and zebrafish SCARB2 and SCARB3 sequences 

with the lancelet (Branchiostoma floridae) CD36 sequence 

(Table 1). Evolutionary distances were calculated using the 

Kimura option70 in TREECON.71 Phylogenetic trees were 

constructed from evolutionary distances using the neighbor-

joining method72 and rooted with the seasquirt CD36 sequence. 

Tree topology was reexamined by the boot-strap method (100 

bootstraps were applied) of resampling, and only values that 

were highly significant ($95) are shown.73

Results and discussion
Alignments of vertebrate SCARB1 amino 
acid sequences
The deduced amino acid sequences for pig (Sus scrofa), 

opossum (M. domestica), platypus (O. anatinus), and frog 

(X. tropicalis) SCARB1 are shown in Figure 1, together with 

previously reported sequences for human,74 mouse,75 and cow 

SCARB1 (Table 1).47 Alignments of human with other verte-

brate SCARB1 sequences examined were between 50% and 

99% identical, suggesting that these are products of the same 

family of genes, whereas comparisons of sequence identities 

of vertebrate SCARB1 proteins with human SCARB2 and 

SCARB3 proteins exhibited lower levels of sequence iden-

tities of 30%–33% and 30%–32%, respectively, indicating 

that these are members of distinct SCARB or CD36-like gene 

families (Table 1).

The amino acid sequences for mammalian SCARB1 

contained 509 residues whereas frog (X. tropicalis) SCARB1 

sequences contained 505 amino acids (Figure 1). Previous 

studies have reported several key regions and residues for 

human and mouse SCARB1 proteins (human SCARB1 

amino acid residues were identified in each case). These 

included: cytoplasmic N-terminal and C-terminal residues 

2–11 and 461–509; N-terminal and C-terminal transmem-

brane helical regions, ie, residues 12–33 and 441–460;8,46,74 

key N-terminal glycine residues (Gly15/Gly18/Gly25) which 

form a dimerization motif in the N-terminal transmembrane 

domain and participate in forming SCARB1 oligomers;76 

a C-terminal PDZK1-interacting domain previously identified 

for the last three amino acids of SCARB1, ie, Ala-Lys-Leu;75 

exoplasmic Cys384, where a free SH group plays a major 

role in SCARB1-mediated lipid transport; four exoplasmic 

disulfide bond-forming residues, ie, Cys280, Cys321, Cys323, 

and Cys334;77,78 and 10 exoplasmic N-glycosylation sites for 

human SCARB1, which have been identified or predicted for 

this protein (Table 2).79 One of these sites (site 1) contained a 

proline residue at the second position and may not function as 

an N-glycosylation site due to proline-induced inaccessibility.67 

Eight of these sites were predominantly retained among the 19 

vertebrate SCARB1 sequences examined (sites 2–3 and 6–12 in 

Table 2), whereas rat and mouse SCARB1 sequences contained 

an additional N-glycosylation site at 116 Asn-117 Arg-118Ser, 

and chicken, lizard, and salmon SCARB1 sequences contained 

a further site at 125 Asn-126Gly-127Thr (Figure 1, Table 2). 

Given the sequence conservation observed for these residues 

among the vertebrate SCARB1 sequences examined, it is 

apparent that they are essential for the structure and function 

of a glycoprotein. The multiple N-glycosylation sites observed 

for vertebrate SCARB1 sequences support a major role for 

glycan residues exposed on the external surface of plasma 

membranes in the performance of SCARB1 functions in 

binding various lipoproteins, including HDL, and in choles-

terol transfer, as part of the reverse cholesterol transport role 

proposed for SCARB1.79

Conserved glycines in N-terminal 
oligomerization domain of the 
transmembrane sequence
The N-terminal region for vertebrate SCARB1 sequences 

(residues 1–42 for human SCARB1) contained cytoplasmic 

(residues 2–11) and transmembrane (residues 12–33) motifs 

which underwent changes in amino acid sequence but retained 

the predicted cytoplasmic and transmembrane properties in 

each case (Figure 1, Supplementary Figure 1). Vertebrate 

N-terminal transmembrane sequences in particular were 

predominantly conserved, especially for Gly15, Gly18, and 

Gly25 SCARB1 residues, which were fully conserved among 

all mammalian and frog SCARB1 sequences examined 

(Figure 1, Supplementary Figure 1). However, other lower 

vertebrate SCARB1 sequences, such as lizard and zebrafish 

SCARB1 sequences, contained a replacement at the Gly15 

position (Ala15 and Leu12, respectively, data not shown). 

Additional glycine residues were observed in this region for 

some vertebrate SCARB1 sequences, including consecutive 
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Table 1 vertebrate SCARB1, SCARB2, and SCARB3 genes and proteins

SCARB1 gene Species RefSeq ID  
¹Ensembl/NCBI

GenBank 
ID

UNIPROT  
ID

Amino  
acids

Chromosome 
location

Coding exons  
(strand)

Gene size bps Subunit MW Gene expression  
Level

% Identity with 
human SCARB1

% identity with 
human SCARB2

% identity with 
human SCARB3

Human Homo sapiens NM_00505 BC022087 Q8wvT0 509 12:125,267,232-125,348,266 12 (-ve) 81,035 56,973 13.7 100 29 31
Chimpanzee Pan troglodytes ¹XP_003314063.1 na na 509 12:125,656,282-125,738,482 12 (-ve) 82,201 56,973 na 100 29 29
Gorilla Gorilla gorilla ¹ENSGGOP6367 na G3QUG5 509 12:124,718,744-124,804,938 12 (-ve) 86,195 57,034 na 99 29 31
Gibbon Nomascus leucogenys ¹XP_003276298.1 na G1QQ51 509 GL397391:1,704,805-1,787,403 12 (-ve) 82,599 57,029 na 99 29 31
Rhesus Macaca mulatta ¹XP_001101812.1 na F7GMT2 509 11:126,096,068-126,176,851 12 (-ve) 80,784 57,046 na 97 29 30
Mouse Mus musculus NM_001205082.1 BC004656 Q61009 509 5:125,761,478-125,821,252 12 (-ve) 63,985 56,754 5.1 79 29 29
Rat Rattus norvegicus NM_031541 BC076504 P97943 509 12:32,390,385-32,453,972 12 (+ve) 63,588 56,973 0.5 78 28 28
Guinea Pig Cavia porcellus ¹XP_003461673.1 na na 509 178:1,245,087-1,276,811 12 (+ve) 31,725 56,969 na 75 29 30
Cow Bos taurus NM_174597 BT19968 O18824 509 17:53,181,037-53,267,911 12 (+ve) 86,875 57,610 na 83 29 29
Dog Canis familaris ¹ENSCAFP10357 na na 509 26:8,098,793-8,128,586 11 (+ve) 29,794 57,149 na 79 28 27
Pig Sus scrofa NM_213967.1 AF467889 Q8SQC1 509 14:28,301,496-28,388,350 12 (+ve) 86,855 57,514 na 87 29 28
Rabbit Oryctolagus cuniculus NM_001082788.1 AY283277.1 na 509 Un0166:481-18,522 12 (-ve) 18,042* 57,080 na 80 28 28
Opossum Monodelphis domestica ¹XP_001379299 na F7E0v5 509 3:475,428,162-475,518,702 12 (+ve) 90,541 57,682 na 70 28 28
Platypus Ornithorhynchus anatinus ¹XP_001508198 na F7F3F3 509 196:2,257,972-2,313,254 12 (-ve) 55,283 57,839 na 73 28 28
Chicken Gallus gallus ¹XP_415106 na na 503 15:4,543,054-4,558,954 12 (+ve) 15,901 55,918 na 57 28 31
Lizard Anolis carolinensis ¹ENSACAT14873 na na 502 LGb:1,343,011-1,368,333 12 (+ve) 25,323 56,147 na 58 30 28
Frog Xenopus tropicalis ¹XP_002935333 na na 505 GL172777:533,463-579,626 12 (-ve) 46,164 57,240 na 54 28 30
Zebrafish Danio rerio NM_198121 BC044516 E7FB50 496 11:21,526,513-21,572,478 12 (-ve) 45,684 55,742 na 51 28 30
Salmon Salmo salar NM_001204894.1 HQ403588 E9N3T5 486 na na na 55,097 na 50 28 30
SCARB2 gene
Human Homo sapiens NM_005506 BT006939 Q53Y63 478 4:77,084,378-77,134,696 12 (-ve) 50,316 54,290 3.2 29 100 30
Mouse Mus musculus NM_007644 BC029073 O35114 478 5:92,875,330-92,934,334 12 (-ve) 59,005 54,044 3.6 29 85 31
Chicken Gallus gallus ¹XP_42093.1 BX931548 na 481 4:51,411,268-51,429,620 12 (+ve) 18,353 53,907 na 30 59 33
Zebrafish Danio rerio NM_173259.1 BC162407 Q8JQR8 531 5: 63,942,096-63,955,449 13 (+ve) 13,354 60,234 na 31 43 33
SCARB3 gene
Human Homo sapiens NM_001001547 BC008406 P16671 472 7:80,275,645-80,303,732 12 (+ve) 72,231 53,053 5.7 31 30 100
Mouse Mus musculus NM_001159555.1 BC010262 Q08857 472 5:17,291,543-17,334,712 12 (-ve) 43,170 52,698 4.2 30 31 83
Chicken Gallus gallus ¹ENSGALG8439 AJ719746 F1NER9 471 1:12,077,308-12,107,415 12 (-ve) 30,108 52,624 na 30 32 61
Zebrafish Danio rerio NP_001002363.1 BC076048 Q6DHC7 465 4:21,594,449-21,606,961 12 (-ve) 12,513 51,590 na 31 31 53
CD36 gene
Lancelet Branchiostoma  

floridae
¹XP_002609178.1 na na 480 Un:534,334,234-534,343,082 12 (+ve) 8,849 54,141 na 34 35 35

Sea squirt Ciona intestinalis ¹XP_002127015.1 na na 523 09p:2,872,362-2,873,903 1 (-ve) 1,542 58009.00 na 26 33 31
Nematode Caenorhabditis  

elegans
NM_067224 na Q9XTT3 534 III:12,453,609-12,456,726 8 (+ve) 3,118 60,182 4.6 21 26 24

Notes: RefSeq: reference amino acid sequence; ¹predicted Ensembl amino acid sequence; na, not available; GenBank IDs are derived from National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov/genbank/); Ensembl ID was derived from the Ensembl genome database (http://www.ensembl.org); UNIPROT refers to UniprotKB/ 
Swiss-Prot IDs for individual SCARB-like proteins (http://kr.expasy.org); *partial gene size only; Un refers to unknown chromosome; bps refers to base pairs of nucleotide 
sequences.
Abbreviation: SCARB, scavenger receptor class B.

glycines for opossum SCARB1 (residues 25 and 26, Figure 1) 

and for chicken (residues 23 and 24) and zebrafish (residues 

15 and 16) SCARB1 sequences (sequences not shown). Site-

directed mutagenesis studies have demonstrated key roles for 

the Gly15-(X)
2
-Gly18-(X)

5
-Gly25 motif within the N-termi-

nus transmembrane sequence, by facilitating oligomerization 

and selective lipid uptake by SCARB1, particularly for the 

Gly18 and Gly25 residues.76 A conserved glycine residue was 

also observed for the mammalian and frog C-terminal trans-

membrane sequences (human SCARB1 Gly451,  Figure 1, 

 Supplementary  Figure 1), but it is not known whether or 

not this glycine has a similar role to that of the conserved 

N-terminal transmembrane glycine residues.

Conservation of cytoplasmic C-terminal 
PDZK1-interacting domain
The cytoplasmic C-terminal region of SCARB1, particularly 

the last three amino acids of mouse SCARB1, ie, Ala507-

Lys508-Leu509, has been shown to interact with a PDZ 

domain-containing protein (PDZK1) which has been sug-

gested to be responsible for the cell surface expression of 

this protein.75,80,81 PDZ domains have been previously shown 
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Table 1 vertebrate SCARB1, SCARB2, and SCARB3 genes and proteins

SCARB1 gene Species RefSeq ID  
¹Ensembl/NCBI

GenBank 
ID

UNIPROT  
ID

Amino  
acids

Chromosome 
location

Coding exons  
(strand)

Gene size bps Subunit MW Gene expression  
Level

% Identity with 
human SCARB1

% identity with 
human SCARB2

% identity with 
human SCARB3

Human Homo sapiens NM_00505 BC022087 Q8wvT0 509 12:125,267,232-125,348,266 12 (-ve) 81,035 56,973 13.7 100 29 31
Chimpanzee Pan troglodytes ¹XP_003314063.1 na na 509 12:125,656,282-125,738,482 12 (-ve) 82,201 56,973 na 100 29 29
Gorilla Gorilla gorilla ¹ENSGGOP6367 na G3QUG5 509 12:124,718,744-124,804,938 12 (-ve) 86,195 57,034 na 99 29 31
Gibbon Nomascus leucogenys ¹XP_003276298.1 na G1QQ51 509 GL397391:1,704,805-1,787,403 12 (-ve) 82,599 57,029 na 99 29 31
Rhesus Macaca mulatta ¹XP_001101812.1 na F7GMT2 509 11:126,096,068-126,176,851 12 (-ve) 80,784 57,046 na 97 29 30
Mouse Mus musculus NM_001205082.1 BC004656 Q61009 509 5:125,761,478-125,821,252 12 (-ve) 63,985 56,754 5.1 79 29 29
Rat Rattus norvegicus NM_031541 BC076504 P97943 509 12:32,390,385-32,453,972 12 (+ve) 63,588 56,973 0.5 78 28 28
Guinea Pig Cavia porcellus ¹XP_003461673.1 na na 509 178:1,245,087-1,276,811 12 (+ve) 31,725 56,969 na 75 29 30
Cow Bos taurus NM_174597 BT19968 O18824 509 17:53,181,037-53,267,911 12 (+ve) 86,875 57,610 na 83 29 29
Dog Canis familaris ¹ENSCAFP10357 na na 509 26:8,098,793-8,128,586 11 (+ve) 29,794 57,149 na 79 28 27
Pig Sus scrofa NM_213967.1 AF467889 Q8SQC1 509 14:28,301,496-28,388,350 12 (+ve) 86,855 57,514 na 87 29 28
Rabbit Oryctolagus cuniculus NM_001082788.1 AY283277.1 na 509 Un0166:481-18,522 12 (-ve) 18,042* 57,080 na 80 28 28
Opossum Monodelphis domestica ¹XP_001379299 na F7E0v5 509 3:475,428,162-475,518,702 12 (+ve) 90,541 57,682 na 70 28 28
Platypus Ornithorhynchus anatinus ¹XP_001508198 na F7F3F3 509 196:2,257,972-2,313,254 12 (-ve) 55,283 57,839 na 73 28 28
Chicken Gallus gallus ¹XP_415106 na na 503 15:4,543,054-4,558,954 12 (+ve) 15,901 55,918 na 57 28 31
Lizard Anolis carolinensis ¹ENSACAT14873 na na 502 LGb:1,343,011-1,368,333 12 (+ve) 25,323 56,147 na 58 30 28
Frog Xenopus tropicalis ¹XP_002935333 na na 505 GL172777:533,463-579,626 12 (-ve) 46,164 57,240 na 54 28 30
Zebrafish Danio rerio NM_198121 BC044516 E7FB50 496 11:21,526,513-21,572,478 12 (-ve) 45,684 55,742 na 51 28 30
Salmon Salmo salar NM_001204894.1 HQ403588 E9N3T5 486 na na na 55,097 na 50 28 30
SCARB2 gene
Human Homo sapiens NM_005506 BT006939 Q53Y63 478 4:77,084,378-77,134,696 12 (-ve) 50,316 54,290 3.2 29 100 30
Mouse Mus musculus NM_007644 BC029073 O35114 478 5:92,875,330-92,934,334 12 (-ve) 59,005 54,044 3.6 29 85 31
Chicken Gallus gallus ¹XP_42093.1 BX931548 na 481 4:51,411,268-51,429,620 12 (+ve) 18,353 53,907 na 30 59 33
Zebrafish Danio rerio NM_173259.1 BC162407 Q8JQR8 531 5: 63,942,096-63,955,449 13 (+ve) 13,354 60,234 na 31 43 33
SCARB3 gene
Human Homo sapiens NM_001001547 BC008406 P16671 472 7:80,275,645-80,303,732 12 (+ve) 72,231 53,053 5.7 31 30 100
Mouse Mus musculus NM_001159555.1 BC010262 Q08857 472 5:17,291,543-17,334,712 12 (-ve) 43,170 52,698 4.2 30 31 83
Chicken Gallus gallus ¹ENSGALG8439 AJ719746 F1NER9 471 1:12,077,308-12,107,415 12 (-ve) 30,108 52,624 na 30 32 61
Zebrafish Danio rerio NP_001002363.1 BC076048 Q6DHC7 465 4:21,594,449-21,606,961 12 (-ve) 12,513 51,590 na 31 31 53
CD36 gene
Lancelet Branchiostoma  

floridae
¹XP_002609178.1 na na 480 Un:534,334,234-534,343,082 12 (+ve) 8,849 54,141 na 34 35 35

Sea squirt Ciona intestinalis ¹XP_002127015.1 na na 523 09p:2,872,362-2,873,903 1 (-ve) 1,542 58009.00 na 26 33 31
Nematode Caenorhabditis  

elegans
NM_067224 na Q9XTT3 534 III:12,453,609-12,456,726 8 (+ve) 3,118 60,182 4.6 21 26 24

Notes: RefSeq: reference amino acid sequence; ¹predicted Ensembl amino acid sequence; na, not available; GenBank IDs are derived from National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov/genbank/); Ensembl ID was derived from the Ensembl genome database (http://www.ensembl.org); UNIPROT refers to UniprotKB/ 
Swiss-Prot IDs for individual SCARB-like proteins (http://kr.expasy.org); *partial gene size only; Un refers to unknown chromosome; bps refers to base pairs of nucleotide 
sequences.
Abbreviation: SCARB, scavenger receptor class B.

to be abundant protein interaction motifs which function in 

regulating biological processes such as transport (in this case, 

lipid transport), ion channel signaling, and other signal trans-

duction systems.82,83 Comparisons of mammalian SCARB1 

cytoplasmic C-terminal sequences (Supplementary Figure 1) 

support a high level of conservation for the last three amino 

acids, with a consensus sequence of Ala507-Lys/Arg508-

Leu509 being maintained. This conservation extends further 

into the protein as follows: Gly501-Thr, Ser or Ala502-

Val503-Leu504-Gln505-Glu506, which may also contribute 

to PDZK1 binding.

Conserved cysteine residues  
within the exoplasmic domain
Five cysteine residues of the mammalian and frog SCARB1 

exoplasmic sequences (residues 34–440 for human SCARB1) 

were conserved among the proteins examined, of which four 

participate in disulfide bridge formation (cys281, cys321, 

cys323, and cys334), and the fifth (cys384) plays an essen-

tial role (via the free SH group) in lipid transport.77 A sixth 

cysteine residue (cys251) is also conserved among the mam-

malian SCARB1 sequences examined and contains a free 

thiol group, although site-directed mutagenesis studies have 
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demonstrated no significant involvement of this exoplasmic 

SH group in lipid transfer activity.77 Moreover, the Cys251 

residue has been substituted in the frog SCARB1 sequence by 

threonine, supporting the view that it is not an essential amino 

acid for vertebrate SCARB1 at this position (Figure 1).

Predicted secondary structures  
for vertebrate SCARB1
Predicted secondary structures for mammalian and 

frog SCARB1 sequences were examined (Figure 1), 

particularly for the exoplasmic sequences. α-helix and 

β-sheet structures were similar in each case, with an 

α-helix extending beyond the N-terminal and C-terminal 

transmembrane regions: α1 and α7. A consistent sequence 

of predicted secondary structure was observed for 

each of mammalian and frog SCARB1 sequences: 

N-terminal cytoplasmic sequence--N-terminal transmembrane 

sequence--α1--β1--α2--β2--β3--β4--β5--α3--α4--β6--α5--

β7--β8--β9--β10--β11--β12--α6--β13--β14--β15--α7--C-

terminal transmembrane sequence--C-terminal cytoplasmic 

sequence. Further description of the secondary and tertiary 

structures for SCARB1 must await the three-dimensional 

structure for this protein, particularly for the exoplasmic 

region which directly binds HDL and participates in reverse 

cholesterol transport.

Conserved proline and glycine residues 
within the SCARB1 exoplasmic domain
Figure 2 shows the alignment of 15 vertebrate SCARB1 

amino acid sequences for the exoplasmic domain, with colors 

depicting the properties of individual amino acids and the 

strong conservation observed for these protein sequences. In 

addition to the key vertebrate SCARB1 amino acids detailed 

previously, others are also conserved, including 30 proline 

residues. Prolines play a major role in protein folding and 

protein-protein interactions involving the cyclic pyrrolidine 

Figure 1 Amino acid sequence alignments for vertebrate SCARB1 sequences.
Notes: See Table 1 for sources of SCARB1 sequences. *Identical residues for SCARB1 subunits; similar alternate residues; dissimilar alternate residues; predicted cytoplasmic 
residues are shown in red; predicted transmembrane residues are shown in blue; N-glycosylated and potential N-glycosylated Asn sites are shown in green; free SH Cys 
involved in lipid transfer is shown in pink; predicted disulfide bond Cys residues are shown in blue; predicted α-helices for vertebrate SCARB1 are shown in yellow and 
numbered in sequence from the start of the predicted exoplasmic domain; predicted β-sheets are shown in gray and also numbered in sequence; bold underlined font shows 
residues corresponding to known or predicted exon start sites; exon numbers refer to human SCARB1 gene exons. **Final three C-terminal residues which bind a PDZ 
domain-containing protein (PDZK1); G residues are conserved glycines in the N-terminal oligomerization domain of the transmembrane sequence.76

Abbreviations: Hu, human; Mo, mouse; Co, cow; Pi, pig; Op, opossum; Pl, platypus; Fr, frog; SCARB1, scavenger receptor class B type 1 protein.
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Figure 2 Amino acid sequence alignments for vertebrate SCARB1 exoplasmic sequences.
Notes: Amino acids are color-coded: yellow for proline (P); S (serine); green for hydrophilic amino acids, S (serine), Q (glutamine), N (asparagine), and T (threonine); brown 
for glycine (G); light blue for hydrophobic amino acids, L (leucine), I (isoleucine), v (valine), M (methionine), and w (tryptophan); dark blue for amino acids, T (tyrosine) 
and H (histidine); purple for acidic amino acids, E (glutamate) and D (aspartate); and red for basic amino acids, K (lysine) and R (arginine); conserved prolines (P) numbered 
P1–P30; conserved glycines numbered G1–G18; and conserved tryptophans numbered from w1–w5.
Abbreviation: SCARB1, scavenger receptor class B type 1 protein.

amino acid side chain, which may introduce turns (or kinks) 

in the polypeptide chain as well as having destabilizing 

effects on α-helix and β-strand conformations.84 In addition, 

the presence of sequential prolines within a protein sequence 

may confer further restriction in folding conformation and 

create a distinctive structure, such as that reported for the 

mammalian Na+/H+ exchanger, which plays a major role in 

cation transport.85 Sequential prolines (Pro317-Pro318) were 

conserved for all vertebrate SCARB1 sequences examined 

and may confer a distinctive conformation in this region, sup-

porting the lipid transfer functions for this protein (Figure 2). 

Moreover, regions of water-exposed proteins with high 

levels of proline residues are often sites for protein-protein 

interactions86 and these residues may play essential roles in 

the binding of HDL and other lipoproteins by the exoplasmic 

region of SCARB1.

Figure 2 also shows conservation of 18 glycine residues 

for these vertebrate SCARB1 exoplasmic domains which, 

due to their small size, may be essential for static turns, bends, 

or close packing in the domain, or required for conforma-

tional dynamics during HDL receptor on-off switching, as 

in the case of the aspartate receptor protein.87 Both proline 

and glycine residues are frequently found in turn and loop 

structures of proteins, and usually influence short loop forma-

tion within proteins containing 2–10 amino acids.88 Evidence 

for these short loop structures within SCARB1 exoplasmic 

sequences was evident from the predicted secondary struc-

tures for vertebrate SCARB1 (see Figure 1) with proline 

and/or glycine residues found at the start of the following 

structures: α1 (Pro33), β1 (Pro62), α2 (Pro75), β2 (Pro84), 

β3 (Gly90-Pro91), α3 (Pro136), α4 (Pro152), α5 (Pro186), 

β7 (Gly206), β10 (Pro277), β11 (296Gly, 298Pro), β12 

(Gly327), α6 (Pro352), β14 (Gly379, Pro381), β15 (Pro408), 

and α7 (Gly424). Moreover, conserved SCARB1 sequential 

proline residues (Pro315-Pro316) are located in a region with 

no predicted secondary structure (between β11 and β12) but 
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Figure 3 Amino acid sequence alignments for mouse SCARB1, SCARB2, and SCARB3 (CD36) sequences.
Notes: See Table 1 for sources of mouse SCARB1, SCARB2, and SCARB3 (CD36) sequences. *Identical residues for SCARB1 subunits; similar alternate residues; dissimilar 
alternate residues; predicted cytoplasmic residues are shown in red; predicted transmembrane residues are shown in blue; N-glycosylated and potential N-glycosylated Asn 
sites are in green; free SH Cys involved in lipid transfer is shown in pink; predicted disulfide bond Cys residues are shown in blue; predicted α-helices for vertebrate SCARB1 
are in shaded yellow and numbered in sequence from the start of the predicted exoplasmic domain; predicted β-sheets are in shaded gray and also numbered in sequence; 
bold underlined font shows residues corresponding to known or predicted exon start sites; exon numbers are shown; ***Final three C-terminal residues which bind a PDZ 
domain-containing protein (PDZK1) for mouse SCARB1.
Abbreviation: SCARB, scavenger receptor class B.

with disulfide bonds present,77 which suggests that this is a 

region of conformational significance for SCARB1.

Alignments of mouse SCARB1, SCARB2, 
and SCARB3 (CD36) amino acid 
sequences
The amino acid sequences for mouse SCARB1, SCARB2, 

and SCARB3 (see Table 1) are aligned in Figure 3. The 

sequences were 30%–33% identical and showed similarities 

in several key features and residues, including: cytoplas-

mic N-terminal and C-terminal residues; N-terminal and 

C-terminal transmembrane helical regions; exoplasmic 

disulfide bond forming residues, previously identified for 

mouse SCARB3 (CD36): Cys243, Cys272, Cys311, Cys313, 

Cys322, and Cys333;77 several predicted N-glycosylation 

sites for mouse SCARB1 (11 sites), SCARB2 (11 sites), 

and SCARB3 (7 sites), of which two are shared between 

these sequences (N-glycosylation sites 7 and 9 (Table 2)); 

and similar predicted secondary structures previously iden-

tified for SCARB1 (Figure 1). The free SH group Cys384 

residue, which plays a major role in SCARB1-mediated 

lipid transport,77 was unique for SCARB1, being replaced by 

other residues for the corresponding SCARB2 and SCARB3 

proteins. N-terminal transmembrane glycine residues, which 

play a role in the formation of SCARB1 oligomers,76 were 

also observed for the corresponding mouse SCARB3 (CD36) 

sequence, although only one of these glycines (Gly10) was 

retained for the mouse SCARB2 sequence. These results 

suggest that mouse SCARB1, SCARB2, and SCARB3 

proteins share several important properties, features, and 

conserved residues, including being membrane-bound with 

cytoplasmic and transmembrane regions, and have similar 

secondary structures, but are sufficiently different to serve 

distinct functions.
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HumanSCARB1 5´ 3´chromosome 12:123,930,960-123,828,122 size = 102.84 kb 
13.7 times average gene expression level

∧ ∧ ∧
CpG                miRNA binding sites 125/351 223 145      27

Predicted transcription factor binding sites

� � � �
STAT1    FOXL1  HSF1 RFX1

SOX9 PPARG

Mouse Scarb1 5´ 3´chromosome 5:125,821,470-125,757,450 size = 64.02kb 
5.1 times average gene expression level  

CpG      33            miRNA binding sites 145 125/351

∧ ∧ 

2478

Figure 4 Gene structures and major splicing transcripts for the human and mouse SCARB1 genes. 
Notes: Derived from the Aceview website (http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/)31 mature isoform variants are shown with capped 5′ and 3′ ends for the 
predicted mRNA sequences; NM refers to the National Center for Biotechnology Information reference sequence; exons are in pink; the directions for transcription are 
shown as 5′ → 3′; black squares show predicted CpG island sites at or near the 5′ untranslated regions of the genes; the symbol ∧ shows predicted microRNA binding sites 
observed at or near the SCARB1 3’ untranslated regions; sizes of mRNA sequences are shown in kilobases; predicted transcription factor binding sites for human SCARB1 
are shown as stars.
Abbreviations: SCARB1, scavenger receptor class B type 1 protein; STAT1, signal transducer and activator of transcription; FOXL1, forkhead related transcription factor; 
HSF1, heat shock transcription factor; RFX1, MHC class II regulatory factor; SOX9, transcription factor; PPARG, peroxisome proliferator-activated receptor γ; SCARB1, 
scavenger receptor class B type 1.

Gene locations and exonic structures  
for vertebrate SCARB1 genes
Table 1 summarizes the predicted locations for vertebrate 

SCARB1 genes based upon BLAT interrogations of sev-

eral vertebrate genomes using the reported sequences for 

human,43,44 mouse,45 rat,46 cow,47 and salmon48 and the pre-

dicted sequences for other vertebrate SCARB1 genes and the 

UC Santa Cruz genome browser.65 The predicted vertebrate 

SCARB1 genes were transcribed on either the negative 

strand (primate, mouse, rabbit, platypus, frog, and zebrafish 

genomes) or the positive strand (rat, guinea pig, cow, dog, 

pig, opossum, chicken, and lizard genomes). Figure 1 sum-

marizes the predicted exonic start sites for human, mouse, 

cow, opossum, platypus, and frog SCARB1 genes, with each 

having 12 coding exons in identical or similar positions to 

those predicted for the human SCARB1 gene.43,44

Figure 4 shows the predicted structures of mRNAs for 

the three major human SCARB1 transcripts and the major 

Scarb1 transcript.31 The human transcripts were 2.6–2.7 

kilobases in length, with 12 (isoforms a and c) or 13 (iso-

form b) introns present for these SCARB1 mRNA transcripts, 

and in each case, an extended 3′-untranslated region was 

observed. The human SCARB1 genome sequence contained 

several predicted transcription factor binding sites, three 

microRNA binding sites (miR-125/351, miR-223, and miR-

145) located in the 3′-untranslated region and three CpG 

islands (CpG78, CpG24, and CpG27), of which CpG78 is 

located in the 5′-untranslated promoter region of human 

SCARB1 on chromosome 12. Mouse Scarb1 also contains 

a CpG island within the gene promoter (CpG33) as well as 

two of the human predicted microRNA target sites (miR145 

and miR125/351) within the mouse Scarb1 3′-untranslated 

region. The SCARB1 CpG islands residing proximate to 

the promoter may contribute to the very high level of gene 

expression (13.7 times for human SCARB1 and 5.1 times the 

average gene expression for mouse Scarb1)31 and may be 
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compared with the CpG islands within housekeeping gene 

promoters expressed in most tissues.89 Of particular signifi-

cance among the transcription factor binding sites observed 

is the peroxisome proliferator-activated receptor-γ site, which 

has been shown to stimulate liver SCARB1 expression90 and 

to participate in regulating cholesterol uptake and efflux from 

macrophages, and to promote uptake of oxidized low-density 

lipoproteins and subsequent differentiation of monocytes 

into foam cells.91–93 The prediction of multiple miRNA target 

sites within the 3′-untranslated regions of human SCARB1 

and mouse Scarb1 is also potentially of major significance 

because of the role that small noncoding RNAs play in 

regulating mRNA and protein expression during embryonic 

development.94

Comparative human and mouse SCARB1 
tissue expression
Figure 5 presents “heat maps” showing comparative gene 

expression for various human and mouse tissues obtained 

from GNF Expression Atlas Data using the U133 A and 

GNF1H (human) and GNF1M (mouse) chips (http://genome.

ucsc.edu; http://biogps.gnf.org).68 These data supported a 

broad and high level of tissue expression for human and 

mouse SCARB1, particularly for the adrenal gland, liver, 

lymphocytes, ovary and placenta, which is consistent with 

previous reports for these genes.1,8,47,74 Overall however, 

human and mouse SCARB1 tissue expression levels were 

3–4 times the average level of gene expression, which sup-

ports the key role played by this enzyme in lipid metabolism, 

especially in the liver, adrenal glands, and lymphocytes, and 

during embryonic development (http://www.ncbi.nlm.nih.

gov/IEB/Research/Acembly/).31

Phylogeny and divergence of SCARB1 
and other vertebrate CD36-like 
sequences
A phylogenetic tree (Figure 6) was calculated by the pro-

gressive alignment of 19 vertebrate SCARB1 amino acid 
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Figure 5 Comparative tissue expression for human and mouse SCARB1 genes. 
Notes: Expression “heat maps” (GNF Expression Atlas 2 data) (http://biogps.gnf.org)68 were examined for comparative gene expression levels among human and mouse tissues 
for SCARB1 genes showing high (red); intermediate (black); and low (green) expression levels. Derived from human and mouse genome browsers (http://genome.ucsc.edu).65 
Abbreviation: SCARB1, scavenger receptor class B type 1.
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sequences with human, mouse, chicken, and zebrafish 

SCARB2 and SCARB3 (CD36) sequences, which was 

“rooted” with the lancelet (B. floridae) CD36 sequence 

(see Table 1). The phylogram showed clustering of the 

SCARB1 sequences into groups, which was consistent with 

their evolutionary relatedness as well as groups for human, 

mouse, chicken, and zebrafish SCARB2 and SCARB3 

(CD36) sequences, which was distinct from the lancelet 

CD36 sequence. These groups were significantly different 

from each other (with bootstrap values of about 100/100). 

This is suggestive of a sequence of CD36-like gene duplica-

tion events: ancestral CD36 (SCARB3) gene duplication → 
SCARB1 and CD36 genes; followed by a further CD36 

duplication, generating the SCARB2 and CD36 genes found 

in all vertebrate species examined (Figure 6). It is apparent 

from this study of vertebrate CD-like genes and proteins 

that this is an ancient protein for which a proposed common 

ancestor for the SCARB1, SCARB2, and SCARB3 (CD36) 

genes may have predated the appearance of fish more than 

500 million years ago.95

Conclusion
The results of the present study indicate that vertebrate 

SCARB1 genes and encoded proteins represent a distinct 

gene and protein family of CD36-like proteins which share 

key conserved sequences that have been reported for other 

CD36-like proteins (SCARB2 and SCARB3 [CD36]) 

previously studied.19–29 SCARB1 has a unique property 

among these proteins in serving as a major receptor for 

HDL in the body and participating in reverse cholesterol 

transport.10,33,46,49 HDL binding to SCARB1 stimulates 

endothelial nitric oxide synthase activity, apparently by 

increasing intracellular ceramide levels, which leads to 

cholesterol transfer from HDL into the target cell.4,96 

SCARB1 has also been implicated in the remodeling of large 

lipoprotein particles by endothelial lipase during SCARB1-

mediated uptake of HDL cholesterol.97 SCARB1 is encoded 

by a single gene among the vertebrate genomes studied and 

is highly expressed in human and mouse tissues, particularly 

in adrenal glands, liver, lymphocytes, and embryonic tissues, 

and usually contains 12 coding exons. Predicted secondary 
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Figure 6 Phylogenetic tree of vertebrate SCARB1 amino acid sequences with human, mouse, chicken, and zebrafish SCARB2 and SCARB3 (CD36) sequences.
Notes: The tree is labeled with the SCARB-like name and the name of the animal and is “rooted” with the lancelet CD36 sequence. Note the three major clusters 
corresponding to the SCARB1, SCARB2, and SCARB3 (CD36) gene families. A genetic distance scale is shown. The number of times a clade (sequences common to a node or 
branch) occurred in the bootstrap replicates are shown. Only replicate values of 95 or more, which are highly significant, are shown, with 100 bootstrap replicates performed 
in each case. A proposed sequence of CD36 gene duplication events is shown.
Abbreviation: SCARB, scavenger receptor class B.
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structures for vertebrate SCARB1 proteins show strong 

similarities with other CD36-like proteins, SCARB2 and 

SCARB3 (or CD36). Three major structural domains were 

apparent for vertebrate SCARB1, including the N-terminal 

and C-terminal cytoplasmic domain, the N-terminal and 

C-terminal transmembrane domain, and the exoplasmic 

domain, containing the “lipid-transfer active” free SH 

Cys384, two disulfide bridges, and several N-glycosyla-

tion sites for glycan binding. Phylogenetic studies using 

19 vertebrate SCARB1 sequences with human, mouse, 

chicken, and zebrafish SCARB2 and SCARB3 (CD36) 

sequences indicated that the SCARB1 gene has appeared 

early in vertebrate evolution following a gene duplication 

event of the ancestral CD36 (SCARB3) gene, prior to the 

appearance of bony fish, more that 500  million years ago.
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Figure S1 Amino acid sequence alignments for mammalian SCARB1 N-terminal and C-terminal sequences.
Notes: Amino acids are color-coded: yellow for proline (P); S (serine); green for hydrophilic amino acids, S (serine), Q (glutamine), N (asparagine), and T (threonine); brown 
for glycine (G); light blue for hydrophobic amino acids, L (leucine), I (isoleucine), v (valine), M (methionine), w (tryptophan); dark blue for amino acids, T (tyrosine) and H 
(histidine); purple for acidic amino acids, E (glutamate) and D (aspartate); and red for basic amino acids, K (lysine) and R (arginine); conserved N-terminal glycines are shown 
as*; the last three C-terminal amino acids (PDZK1-interacting zone) are also shown as*.
Abbreviation: SCARB1, scavenger receptor class B type 1.
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