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Abstract

Carotenoids are plant pigment molecules that are potent antioxidants. Carotenoids cannot be 

synthesized de novo; therefore, their dietary intake and transport to various tissues are essential to 

harness their health benefits. Two of the three scavenger receptor class B (SRB) proteins, SR-B1 

and CD36, have been implicated as carotenoid transporters in lower species and in various tissues 

of higher animals. The function of the third SRB protein, SR-B2, in carotenoid transport is 

unknown. Using surface plasmon resonance (SPR) analyses, we have determined that all three 

human SRB proteins are capable of binding the macular xanthophyll carotenoids; lutein, 

zeaxanthin, and meso-zeaxanthin. By over-expressing human SRB proteins in cells that do not 

endogenously express SRBs, we have determined that lutein uptake is enhanced in the presence of 

LDL and is mediated by SR-B1 and CD36. SR-B1, SR-B2, and CD36 were able to take up 

significant amounts of zeaxanthin as well as meso-zeaxanthin, and uptake was increased in the 

presence of HDL. Our analyses revealed no apparent differences in protein expression profiles of 

SRBs in central and peripheral regions of human donor tissues, indicating that carotenoid-binding 

proteins rather than transporters are likely to mediate selective accumulation of carotenoids into 

the macula.
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1. INTRODUCTION

Carotenoids are plant-derived pigment molecules that vertebrates cannot synthesize de-novo, 

which must be obtained exclusively from the diet. These compounds are potent anti-oxidants 

and are the precursors to compounds such as retinoids that are crucial for normal 

physiological functions [1,2]. In 2002, Harrison and colleagues showed that an epithelial 

transporter, SR-B1, in the intestine is responsible for carotenoid absorption [3]. In that same 

year, NinaD, a class B scavenger receptor (SRB) in Drosophila that shares homology to 

vertebrate CD36 and SR-B1, was determined to be responsible for carotenoid transport into 

the eye [4]. These two studies brought attention to the role of scavenger receptor class B 

proteins as carotenoid transporters in the intestine. Since then, studies have examined the 

effects of SR-B1 and CD36 on the uptake of carotenoids. Over-expression of SR-B1 or 

CD36 was sufficient for the uptake of pro-vitamin A carotenoids [5]. SR-B1 was shown to 

preferentially take up macular xanthophylls over carotenes [6]. Enhanced uptake of lutein in 

LDL complexes and zeaxanthin in HDL complexes was facilitated by endogenously 

expressed SR-B1 [7].

The area in the primate body with the highest carotenoid concentration is the macula lutea of 

the retina [2,8]. This region is yellow in color due to the abundance of carotenoids. There are 

only three carotenoids present in the macula – lutein, zeaxanthin, and meso-zeaxanthin, 

along with lower levels of their oxidative metabolites (Figure 1) [1]. These xanthophyll 

carotenoids are capable of filtering blue light from reaching the central retina, and they have 

strong antioxidant properties [9,10]. In addition, lutein and zeaxanthin supplements have 

been shown to increase macular pigment and alleviate the progression of age-related 

macular degeneration (AMD) [11], and supplements containing the non-dietary macular 

carotenoid meso-zeaxanthin have recently entered the market [12].

Several studies have revealed that SR-B1 and CD36 can function as carotenoid transporters 

into the retina. The role of the third SRB family member, SR-B2, in carotenoid transport is 

unknown. Given the ability of all SRBs to bind similar ligands and the presence of all three 

in the primate retina [13], we hypothesized that SR-B2 may also be involved in carotenoid 

transport in mammals. In the present study, we have characterized the binding affinities of 

SRBs to the three macular xanthophyll carotenoids and determined their roles as transport 

proteins.
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2. MATERIALS AND METHODS

Human tissue isolation

Human eyes from donors (ages ranging from 59 to 81) from the Utah Lions Eye Bank were 

isolated within 24-hours post-mortem. 6–8 mm punches of the macular retina, sub-macular 

RPE, peripheral retina, and peripheral RPE were obtained. The samples were stored in 

-80°C in RNALater (Thermo Fisher Scientific, Waltham, MA). Tissue procurement and 

handling were in compliance with the Declaration of Helsinki.

Protein isolation and Western blot

For total protein isolation, cells and tissues were homogenized at 4°C in RIPA buffer (25 

mM NaCl, 0.5 mM EDTA, 25 mM Tris HCl (pH 7.2), 0.1% Tween 20) containing protease 

inhibitors. Cell debris was removed by centrifugation. BCA assay (Thermo Fisher Scientific) 

was carried out, and 20 μg of protein was resolved by 9% SDS-PAGE. Transfer was carried 

out to a 0.45 μm nitrocellulose membrane using a trans-blot SD semi-dry transfer cell 

(BioRad, Hercules, CA) at 25 V for 1 hour. Membranes were subsequently washed in TBS 

with 0.01% Tween 20 and blocked using Odyssey blocking buffer (LICOR Biotechnology, 

Lincoln, NE) containing 0.01% Tween 20 for 1 hour. Primary antibodies were diluted in the 

above blocking buffer, and the membranes were incubated overnight at 4°C. The antibodies 

used and their dilutions were as follows – 1:1000 dilution of rabbit monoclonal anti-SR-B1 

(ab52629-Abcam, Cambridge, MA), 1:1000 dilution of goat polyclonal anti-SR-B2 (af1966-

R&D Systems, Minneapolis, MN), 1:500 dilution of rabbit monoclonal anti-CD36 (14347, 

Cell Signaling Technology), 1:5000 dilution of mouse monoclonal anti-β-actin (8H10D10, 

Cell Signaling Technology), 1:2000 dilution of rabbit polyclonal anti-Na-K ATPase (3010, 

Cell Signaling Technology). Proteins were visualized using an Odyssey Image Analyzer 

(LICOR Biotechnology, Lincoln, NE) following incubation with IR dye conjugated 

secondary antibodies (LICOR Biotechnology) at 1:10000 dilutions for 1 hour at room 

temperature. For CD36, we ran two gels with the same lysate (at the same concentration) 

simultaneously. One membrane was blotted for CD36, whereas the other one was blotted for 

Na-K ATPase.

Immunohistochemistry

Eyes from 4–6 year old Macaca mulatta monkeys were obtained after perfusion fixation with 

10% paraformaldehyde for 15 minutes. These animals were provided by other University of 

Utah reserchers whose IACUC protocols did not utilize ocular tissues after sacrifice. The 

eyes were dissected, and 10 μm thick cryosections of the tissue were obtained. The sections 

were rinsed in 0.1 M PBS with 0.1% Triton X-100 (PBT) and blocked in 10% donkey serum 

in PBT for 1 hour. Following this, primary antibody incubation was carried out overnight at 

4°C. The antibodies and their dilutions were as follows - 1:100 dilution of rabbit monoclonal 

SRB1 (ab52629-Abcam), 1:500 dilution of goat polyclonal anti-SRB2 (af1966-R&D 

Systems), and 1:100 dilution of rabbit monoclonal anti-CD36 (14347, Cell Signaling 

Technology). The sections were rinsed in PBT, and incubations using FITC- or Cy3-

conjugated secondary antibodies (Jackson ImmunoResearch Laboratories, West Grove, PA) 

were conducted at 1:1000 dilution at room temperature for 2 hours. Control sections were 

incubated with only the corresponding secondary antibodies and not with primary 
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antibodies. In order to quench autofluorescence, sections were treated with 0.1% Sudan 

black solution as previously described [14]

Cell culture and transient transfection

The ARPE-19 human RPE cell line and the HEK-293T human embryonic kidney cell line 

were purchased from ATCC (Rockville, MD). ARPE-19 cells were maintained in 1:1 Ham’s 

F12 medium:DMEM with 10% FBS and 1% penicillin streptomycin antibiotic mixture 

(Thermo Fisher Scientific). HEK-293Tcells were cultured in DMEM containing 10% FBS 

and 1% antibiotic mixture (Thermo Fisher Scientific). Both cell types were cultured in T-75 

flasks until confluent. Cells were passaged using TrypLE Express (Thermo Fisher Scientific) 

and plated in 60 × 15 mm dishes for experiments. In order to ensure adequate differentiation, 

ARPE-19 cells were in culture for at least 6 weeks before experiments were conducted.

Over-expression was carried out by transient transfection of plasmids – pCMV-GFP SR-B1, 

pCMV-GFP SR-B2, and pCMV-GFP CD36 (Sino Biological Inc., Beijing, China). Cells 

were transfected with Jetprime reagent (Polyplus Transfection, Illkrich, France) following 

the manufacturer’s instructions. Transfection efficiencies were determined to be between 

80–90% for each plasmid. Experiments were conducted after 48 hours of transfection.

Carotenoid delivery

Zeaxanthin was supplied by Zeavision (Chesterfield, MO), meso-zeaxanthin was from DSM 

Nutritional Products (Kaiseraugst, Switzerland), and lutein was provided by Kemin Health 

(Des Moines, IA). Carotenoid stocks were prepared in hexanes. 0.3% Tween 40 (Sigma-

Aldrich) was added to appropriate volume of stocks, and the mixture was dried under 

nitrogen gas. For carotenoid delivery using HDL or LDL, either HDL (J64903) or LDL 

(J65039) (Alfa Aesar, Tewksbury, MA) were added to the dried stock solutions so that the 

final concentration of lipoproteins in the media were 10 μg/mL [7], and the mixture was 

vortexed overnight at 4°C in the dark. Serum-free medium was added, and the mixture was 

sonicated on ice for 1 hour and then vortexed at room temperature for 30 minutes. The 

media were filtered using 0.2 μm filters, and extracted to validate the concentration of 

carotenoids.

Cells were washed with serum-free media, and the mixtures of media with carotenoids and 

lipoproteins were added to the cells to initiate carotenoid uptake. The dishes were placed 

into a 37°C incubator for 30 minutes. The cells were subsequently washed with ice-cold 10 

mM sodium taurocholate to remove any adsorbed carotenoids and then with 1X PBS. Cells 

were scraped into 1X PBS and centrifuged at 13000 rpm for 5 minutes. Excess liquid was 

removed, and carotenoid extraction was conducted.

Carotenoid extraction and HPLC analysis

Carotenoids were extracted following the addition of tetrahydrofuran (THF) containing 0.1% 

butylated hydroxytoluene (BHT). 1 mL of THF was added to the cell pellet from above, and 

this mixture was sonicated on ice (10 minutes) followed by vortexing for 5 minutes. The cell 

homogenates were centrifuged at maximum speed for 10 minutes, and the supernatant 

containing carotenoids was removed and dried under nitrogen gas. The above process was 
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carried out three times to remove all carotenoid content in the cells. HPLC analyses were 

performed as previously described [15].

Surface plasmon resonance (SPR)

Recombinant proteins for CD36 (10752-H08H, Sino Biological Inc., Beijing, China), SR-B1 

(11069-H08H, Sino Biological Inc., Beijing, China), and SR-B2 (BP001637-C532, Syd 

Labs, Natick, MA) were purchased. Proteins were immobilized onto hydroxyl gel modified 

sensor chips (Xantec, Dusseldorf, Germany) using standard amine coupling to obtain a 

density ranging from 6–12 kRU. Each of the three carotenoids (lutein, zeaxanthin, and 

meso-zeaxanthin) was dissolved in DMSO to obtain high concentration and then diluted to a 

final 5% DMSO concentration in running buffer. PBS with 0.05% Triton X-100 (for CD36 

assay) or 1 mg/mL polyvinylpyrrolidone (PVP) (for SR-B1 and SR-B2 assays) was used as 

the running buffer. Carotenoid analytes’ concentrations ranged from 10–30 μM. Each of the 

analytes was run in triplicate with a flow rate of 100–200 μL/min. All analyses were carried 

out at 25°C using a SensiQ Pioneer optical biosensor (SensiQ Technologies Inc., Oklahoma 

City, OK). Data were collected at 10 Hz. SPR response data (sensorgrams) were zeroed at 

the beginning of each injection and double referenced. The responses were plotted against 

the analyte concentration and fit to a 1:1 (A+B=AB) binding model using Qdat analysis 

software (SensiQ Technologies) [16,17].

Statistical analysis

Statistical analyses were conducted using Graphpad Prism software (La Jolla, CA). Values 

are listed as mean ± SEM. Results were analyzed using Student t-tests.

3. RESULTS AND DISCUSSION

There are over 500 carotenoids present in nature. Humans and other primates consume about 

fifty of these, among which only three, lutein, zeaxanthin, and meso-zeaxanthin, are present 

in the macula. Such specificity in the accumulation of these three xanthophyll carotenoids 

into the eye suggests that this may be due to the function of specialized transport proteins 

and binding proteins [2,18,19]. Studies conducted using cell culture models as well as 

animal models have revealed that SR-B1 may be responsible for the transport of carotenoids 

from the intestine [3,4]. In addition, Sakudoh et al. showed that Cameo2, a CD36 

orthologue, is responsible for selective accumulation of lutein in the cocoon [20,21]. 

Previous work has shown that SRB proteins, SR-B1 and CD36, can transport carotenoids 

into cells [3,4,20,21], but the role of SR-B2 in carotenoid transport has not been studied. In 

addition, studies on ARPE19 cells, an RPE cell line, have hypothesized that carotenoid 

uptake into these cells is mediated by SR-B1 [7]. In the current study, we chose to explore 

the roles of all three scavenger receptor proteins in carotenoid uptake.

In order to quantitatively assess the interactions between all three SRB proteins and 

carotenoids, we first determined the binding affinities of SRBs to macular xanthophylls on 

an SPR platform using human recombinant proteins of SR-B1, SR-B2, and CD36. Our 

results show that all three scavenger receptors bind macular xanthophylls with a binding 

affinity characteristic of transport proteins. As shown in Table 1 and Figure 2, SR-B1 and 
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SR-B2 showed comparable affinities with all three carotenoids (Figure 2A–F). CD36 

showed relatively stronger affinity toward macular xanthophylls, with KD values in the sub-

micromolar range. As seen in the sensorgrams (Figure 2G, H, and I), this protein had a faster 

on-rate and slower off-rate with carotenoids. This resulted in a different kinetic profile of 

interaction than those of SR-B1 and SR-B2.

Previous studies from our laboratory on the interactions between binding proteins and 

carotenoids have determined KD values in the sub-micromolar range. A low KD is indicative 

of stronger interaction between the ligand and the protein. For instance, KD values of 

StARD3 to lutein and GSTP1 to zeaxanthin were less than 0.6 μM [22,23]. However, 

binding affinities with carotenoids of a protein such as IRBP, a retinoid and carotenoid 

transporter that is present in the interphotoreceptor retinal space, was previously determined 

to be in the 1–2 μM range. Nonspecific binding interactions result in KD values that are 

higher than 10 μM. The KD values observed for SRB proteins here are in the same range as 

we observed for IRBP, indicating that SRBs bind carotenoids with affinities characteristic of 

transport proteins.

In the next set of experiments, we determined whether the binding affinity of SRBs for 

macular xanthophylls resulted in their enhanced uptake in a cell culture system. We chose to 

study carotenoid uptake in HEK-293T cells since they are free of endogenous SRBs (Figure 

3), as opposed to the commonly used cell line, ARPE-19, which expresses both SR-B1 and 

SR-B2 endogenously (Figure 4). By over-expressing each SRB protein, and by using empty 

vector transfected cells as controls for all experiments, we were able to compare and contrast 

the SRB-mediated as well as non-SRB-mediated uptake of carotenoids into HEK-293T 

cells. Physiological levels of carotenoids in plasma are between 1 to 10 μM [24]; therefore, 

we tested the uptake using carotenoid concentrations ranging from 0.5 μM to 10 μM. Since 

carotenoids in circulation are present in mixed micelles of lipoproteins [25,26], we presented 

these molecules in LDL or HDL complexes to the cells.

For lutein, uptake was significantly increased in cells over-expressing CD36 and SR-B1. SR-

B2 over-expressing cells were able to take up this carotenoid at levels higher than the control 

cells, but the difference lacked statistical significance. We also noticed that the transport of 

LDL complexes with lutein were higher than transport of HDL complexes with lutein 

(Figure 5A and B).

Treatment of SRB over-expressing cells with zeaxanthin in HDL resulted in higher uptake 

than when this carotenoid was presented to the cells in LDL (Figure 5C and D). Consistent 

with our observations for lutein, CD36 and SR-B1 over-expressing cells were able to take up 

significantly higher amounts of carotenoid than control cells. Interestingly, we noticed that 

the amount of zeaxanthin uptake into SR-B2 over-expressing cells was significant at higher 

concentrations of the carotenoid. In addition, the amount of zeaxanthin taken up by the cells 

was almost ten-fold higher than that of lutein.

With LDL as well as HDL, complexes of meso-zeaxanthin, SR-B1 over-expressing cells 

displayed the highest carotenoid uptake at all concentrations (Figure 5E and F). meso-

Zeaxanthin, similar to zeaxanthin, was taken up better by cells in the presence of HDL. 
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Interestingly, the uptake of HDL complexes of meso-zeaxanthin was higher in all three SRB 

over-expressing cells. SR-B2 over-expressing cells showed increased uptake of meso-

zexanthin, and this trend was evident at all three concentrations of the carotenoid. Control 

cells treated with zeaxanthin or meso-zeaxanthin took up higher amounts of carotenoid than 

with lutein treatment. This suggests an inherent preference of zeaxanthins over lutein by 

these cells that may be SR-B independent.

Even though meso-zeaxanthin is not a common dietary component and is synthesized in the 

RPE enzymatically from lutein [28], supplements of this carotenoid are on the market [12]. 

It is hypothesized that consumption of such supplements may have positive effects on visual 

function [27], and protein mediated transport and deposition from the RPE to the retina 

would still be important. Identification that all three SRBs can function as meso-zeaxanthin 

transporters reveals a possible mechanism by which this carotenoid supplied by supplements 

may reach the retina.

With the understanding that SRB proteins can function as macular xanthophyll transporters, 

our next goal was to understand any differences in distribution of SRB proteins in the central 

and peripheral regions of human donor eye. We hypothesized that if SRB proteins are 

responsible for the selective accumulation of carotenoids in the macula, there will be 

differences in their protein expression profile in the macular and peripheral regions of the 

eye. Western blotting was conducted on human donor samples, and our data show the 

presence of SR-B1 and SR-B2 in peripheral retina, peripheral RPE, macular retina, and sub-

macular RPE (Figure 6A and B). These proteins were determined using total lysates of the 

above-mentioned tissues. CD36, however, could not be detected in the total lysate. Thus, we 

carried out membrane protein isolation followed by Western blot. In the membrane fraction, 

we observed the presence of CD36 in the sub-macular RPE and peripheral RPE but not in 

macular retina or peripheral retina. Detection of CD36 after membrane protein isolation but 

not in the total tissue lysate indicates its low abundance (Figure 6C and D). We did not 

observe any differences in the expression patterns of SR-B1 and SR-B2 in the peripheral and 

macular regions of the eye. However, we noticed SR-B2 protein resolved at a slightly higher 

molecular weight in the RPE lysates. In addition, our data also revealed higher amounts of 

SR-B2 in the retina than in the RPE. Future studies may analyze the reasons behind the 

increased expression of this protein in the retina.

In order to determine the specific cell types in which these proteins are expressed, 

immunohistochemistry was conducted on sagittal sections of macaque eyes. SR-B1 was 

expressed throughout the retina and RPE (Figure 7A). SR-B2, like SR-B1, was expressed 

throughout the retinal layers. Strong SR-B2 expression was observed in the RPE layer and 

ganglion cell layer of the retina (Figure 8). Consistent with the Western blot data, CD36 

expression was detected only in the RPE layer (Figure 7B).

Tserentsoodol et al. have previously shown the presence of all three SRB proteins in primate 

eye tissues, but we noticed inconsistencies in their Western blots and IHC. For instance, their 

IHC shows the presence of SR-B1 and SR-B2 in the retinal layers and in the RPE of 

primates. In their Western blot, SR-B1 was visible in the monkey neural retina, but no bands 

at the right molecular weight were present in the RPE fraction. Similarly, no bands that 
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correspond to SR-B2 were present in the monkey retina and RPE. Their IHC detected the 

presence of CD36 in various retinal layers and not in the RPE, but in their Western blots, 

CD36 was not detected in the primate retina or RPE [13]. In the present study, we were able 

to observe the presence of SR-B1 and SR-B2 throughout the retina and RPE, while CD36 

was only in the RPE. Our Western blots are in agreement with the IHC findings.

In the present study, we have shown that all three SRBs are expressed in the primate macula 

as well as peripheral regions. Interestingly, we did not observe any changes in expression 

profiles of these proteins in the macula and peripheral retinal tissues. Our analyses suggest 

that SRB proteins, even though they are capable of transporting macular xanthophylls, may 

not be responsible for their selective accumulation in the macula. Consistent with previous 

work [7], we also found that LDL complexes of lutein and HDL complexes of zeaxanthin 

and meso-zeaxathin are taken up better by cells in culture. With SPR analyses, we have 

quantitatively determined the binding affinities of SRBs to macular carotenoids.

In conclusion, we have shown that all three human SRBs are capable of binding and 

transporting all three macular carotenoids. Previous studies from our laboratory have 

identified and characterized carotenoid binding proteins that have restricted expression in the 

macula and not in the peripheral regions. GSTP1 was determined to be a zeaxanthin binding 

protein. Its strong expression was detected in the inner and outer plexiform layers of primate 

macula [19]. Similarly, work in our lab characterized StARD3 as a lutein binding protein 

[22]. Expression of this protein was enhanced in the primate macula, specifically in the 

photoreceptor inner segments. The present study reveals the mechanism by which 

carotenoids in circulation reach the peripheral or macular retina (Figure 9). The presence of 

higher levels of specific binding proteins in the macula is likely be responsible for the 

accumulation of carotenoids in this region.
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Abbreviations

AMD Age-related macular degeneration

CD36 Cluster determinant 36

GSTP Glutathione S-transferase Pi isoform

IHC immunohistochemistry

PVP Polyvinylpyrrolidone

RPE Retinal pigment epithelium

SR-B1 Scavenger receptor class B protein 1
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SR-B2 Scavenger receptor class B protein 2

SRB Scavenger receptor class B proteins

StARD3 steroidogenic acute regulatory domain 3

SPR Surface plasmon resonance

THF Tetrahydrofuran
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Highlights

1. All three SRB proteins are capable of binding macular carotenoids

2. Over-expressed SRB proteins can transport macular carotenoids

3. LDL enhances lutein uptake, HDL increases zeaxanthin and meso-zeaxanthin 

uptake

4. All three SRB proteins are expressed in the primate eye
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Figure 1. 
Structure of macular xanthophylls. Lutein, zeaxanthin, and meso-zeaxanthin are the three 

carotenoids present in the primate macula. They are structural isomers with the same 

molecular formula C40H56O2
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Figure 2. 
Surface plasmon resonance sensorgrams obtained for the binding interactions of carotenoids 

with SRB proteins. CD36 binding affinities toward all three carotenoids were stronger than 

those of SR-B1 and SR-B2 as evidenced by the slower off-rate in the sensorgrams (G, H, 

and I). Solid red lines through the curve show model fit for the calculation of the affinities of 

interaction.
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Figure 3. 
Western blot showing the endogenous and over-expressed SRB proteins in HEK-293Tcells. 

Endogenous expression of SR-B1, SR-B2 and CD36 was absent in these cells. Upon over-

expression, SRBs were detected. β-Actin was used as loading control.
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Figure 4. 
Western blot showing the endogenous and over-expressed SRB proteins in ARPE-19 cells. 

Endogenous expression of SR-B1, SR-B2 was detected, but CD36 was absent in these cells. 

Upon over-expression, SRBs were detected. β-Actin was used as loading control.
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Figure 5. Quantification of carotenoid uptake into HEK-293T cells over-expressing SRB 
proteins. Lutein uptake was increased in the presence of LDL, and zeaxanthin and meso-
zeaxanthin uptake was higher in the presence of HDL. CD36 and SR-B1 were most efficient in 
the uptake of lutein and zeaxanthin, whereas SR-B2 showed significant uptake of zeaxanthin and 
meso-zeaxanthin
Carotenoid uptake in non-transfected cells may be due to passive diffusion. Xanthophyll 

uptake into the control cells may be mediated by passive diffusion. It is also likely that 

lipoprotein laden carotenoids are endocytosed into the control cells. Non-specific uptake into 
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the control cells may also be mediated by taurocholate ** - p-value< 0.05, ***-p-

value<0.0005
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Figure 6. 
Western blots conducted on human tissues. SR-B1 and SR-B2 proteins (A and B) were 

detected in total tissue lysates of human macular retina (lane 1), sub-macular RPE (lane 2), 

peripheral retina (lane 3), and peripheral RPE (lane 4). β-actin was used as loading control. 

Membrane protein isolation resulted in the detection of CD36 (C) only in the peripheral RPE 

(lane c) and sub-macular RPE (lane d). Retinal tissue (lanes a and b) did not contain 

detectable CD36. Na-K ATPase was used as the loading control for membrane proteins. 

Panel D shows the presence of Na-K ATPase in all four tissues. Experiments were conducted 

in tissues from three different donors of ages ranging from 50–70 years with similar results. 

Results from one representative experiment are presented.
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Figure 7. 
Immunohistochemistry showing expression of SR-B1 and CD36 in macaque eye sections. 

SR-B1 expression (red) was detected throughout the RPE and retinal layers. CD36 

expression (red) was limited to the RPE layer. Both CD36 and SR-B1 antibodies were rabbit 

polyclonal. “No primary antibody” control sections were incubated with the secondary 

antibody alone. Nuclei are stained using DAPI in blue.
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Figure 8. 
SR-B2 staining in macaque eye sections. Protein expression was strong in the RPE layer and 

in the ganglion cell layer. Weak expression was detected throughout the retina. SR-B2 

expression (red) was determined using a goat polyclonal antibody. “No primary antibody” 

control sections were incubated with only the secondary antibody. Nuclei are stained using 

DAPI in blue.
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Figure 9. 
Proposed model of carotenoid uptake into the macula. Carotenoids in lipoproteins reach the 

RPE through the choroidal circulation. Here, SRB proteins bind and transport the 

carotenoids. From the RPE, transport proteins such as IRBP may function to shuttle the 

carotenoids into the retina. Once in the retina, binding proteins retain the carotenoids. Low 

level of CD36 protein was detected only in the RPE and not in the retina.
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Table 1

Equilibrium dissociation constants (KD) for carotenoid interactions with SRBs

Lutein Zeaxanthin meso-Zeaxanthin

SR-B1 2.04 ± 0.040 μM 1.60 ± 0.100 μM 3.10 ± 0.20 μM

SR-B2 2.51 ± 0.040 μM 1.53 ± 0.040 μM 3.90 ± 0.04 μM

CD36 0.73 ± 0.006 μM 0.92 ± 0.007 μM 1.66 ± 0.01 μM
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