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Limited uptake mechanism studies with CRANAD-2: 

A small molecule across cell-membrane can be mediated by simple diffusion and 

facilitated diffusion/transport. Fast simple diffusion often leads to non-specific uptake, 

and highly hydrophobic compounds prone to cross the cell membrane through the fast 

simple diffusion 1. From our screening, most of the tested 38 dyes were highly 

hydrophobic. However, only CRANAD-2, -3, and Nile blue provided positive or negative 

contrasts, suggesting that the simple diffusion caused by high hydrophobicity was not the 

only factor in determining the BAT contrast, and facilitated diffusion/transport of 

CRANAD-2 and -3 into BAT was also very possible. To investigate the facilitated 

transporting of CRANAD-2, we compared the time courses of CRANAD-2 uptake in 

3T3-L1 cells before and after differentiation. The uptake reached its maximal within 1 

minute with undifferentiated 3T3-L1 cells (SI Fig.5a, left), indicating that the uptake is 

most likely due to simple diffusion. For differentiated 3T3-L1 cells, the uptake reached 

62% of the maximal within 1 minute, and reached the plateau at 15 minute (SI Fig.5a, 

right), suggesting that partial accumulation of CRANAD-2 is likely due to facilitated 

diffusion mediated by receptors/transolcases expressed in differentiated 3T3-L1 cells, but 

not in preadipocytes. Nile blue, the negative contrast probe, rapidly reached the plateau in 

both differentiated and undifferentiated 3T3-L1 cells, suggesting that its uptake was 

primarily due to the fast simple diffusion (SI Fig.6a, b). 

Through systemic comparison of gene expression in undifferentiated and 

differentiated 3T3-L1 cells, Sandoval et al found that CD36 was only present in 

differentiated cells but not in the preadipocytes 2. CD36 is highly expressed on the 

surface of adipose cells and endothelial cells of capillaries in adipose tissue, but not on 

other large vessels and brain capillaries 3-6. Recently, Bartelt et al reported that BAT 

regulates the metabolism of triglyceride through CD36 uptake 7,8. Since CRANAD-2, like 

triglyceride, accumulates in oil droplets, we hypothesized that triglyceride and our 

curcumin analogues may share the same transporter/translocase. To test this hypothesis, 

we added both triglyceride and CRANAD-2 to the cell medium, and CRANAD-2 only 

was used as the control. A significant decrease in uptake was observed for the mixture of 

CRANAD-2 and triglyceride, evidenced by two-photon microscopy and quantitative 

imaging with IVIS imaging system (SI Fig.5b-d). However, no significant decrease in 
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uptake was observed for Nile Blue (SI Fig.5c and SI Fig.6c). These results indicated that 

triglyceride inhibited the uptake of CRANAD-2, probably due to binding competition for 

CD36. In addition, Wang et al showed that rosmarinic acid was a high affinity ligand for 

CD36 9. Very interestingly, the structure of rosmarinic acid is very similar to curcumin. 

These data suggested that curcumin and its analogues are possible ligands for CD36. 

However, more comprehensive mechanism studies are still needed. 
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Supplemental Figures 

 

 

 
SI Figure 1 a) In vivo NIR images of mice injected with 38 fluorescent dyes. Corresponding excitation and 

emission wavelengths are listed for each image.  

Dye list: 1.HITC, 2.IR144, 3.OX750, 4.LDS750, 5.LDS730, 6.LDS751, 7.DOTC, 8.LDS722, 9.OX720, 

10.OX725, 11.LD690, 12.LD700, 13.LD688, 14.Rhodamine640, 15.DODC, 16.HIDC, 17.Phenox660, 

18.Cresyl Violet, 19.KITON, 20.Sulforhodamine, 21.LDS698, 22.DMOTC, 23.Stryl15, 

24.Pyromethene650, 25.Nile Blue, 26.Rhodamine, 27.B ATTO590, 28.ATT655, 29.DBT, 30.CRANAD-2, 

31.CRANAD-3, 32.Cy5.5, 33.M2466 (Mitotracker deep red FM), 34 IR813, 35.LDS950, 36.LDS821, 

37.LDS798, 38.IR125. 
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SI Figure 2 Re-testing of the hits and validation of the signal with stepwise dissection and ex vivo 

histology. (a-c) Re-testing with CRANAD-2 (a), CRANAD-3 (b), and LDS 722 (c). (left) Images of intact 

mice, (middle) images after skin and WAT were removed, and (right) images after BAT was dissected. In 

all cases, the signals were significantly decreased once the skin and WAT were dissected. CRANAD-2 and 

-3 showed higher signal before BAT removal than after BAT removal (a, b). LDS 722 had no apparent 

signal difference (c, middle), indicating that LDS 722 was not suitable for labeling BAT in vivo.	  

 
SI Figure 3 In vivo re-testing of Rhodamine 640 and Phenoxazine 660 and validation of BAT signal using 

stepwise dissection procedure. (a) Re-testing of Rhodamine 640 and stepwise dissection images. Image of 

the intact mouse (left); image after skin and WAT were removed (middle); image after BAT (red arrow) 

was removed (right). (b) Re-testing of Phenoxazine 660 and stepwise dissection images. Image of the intact 

mouse (left); image after skin and WAT were removed (middle); and image after BAT (red arrow) was 

removed (right). These images indicated that no significant signals were from BAT in both cases.  
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SI Figure 4 Time course of CRANAD-2 and CRANAD-3, ex vivo histological staining. (a) Images of 

animals injected intravenously with CRANAD-2 at different time points. (b) Quantitative analysis of 

interscapular BAT images of animals injected with CRANAD-2 at different time points. (c) Images of 

animals injected with CRANAD-3 at different time points after intravenous injection. (d) Quantitative 

analysis of interscapular BAT images of animals injected with CRANAD-3 at different time points. (e) 

H&E staining for ex vivo BAT tissue. Oil droplets were white, and nuclei were purple/blue (10x). (f) Ex 

vivo histology of animals injected with CRANAD-2 (left) and CRANAD-3 (right). Oil droplets were 

stained by CRANAD-2, or -3 (red), and nuclei were labeled with DAPI (blue) (10x). Scale bar: 100 micron.  
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SI Figure 5 Limited uptake mechanism studies. (a) The uptake time course of CRANAD-2 in 

undifferentiated (left) and differentiated 3T3-L1 cells. The fast uptake phase indicates simple diffusion. (b) 

Two-photon microscopic images of CRANAD-2 alone (left), with triglyceride competition (right). Red - 

CRANAD-2 signal, and green – autofluorescence of the cells. Scale bar: 100 micron. Apparent loss of 

CRANAD-2 accumulation in oil droplets was observed in triglyceride- treated cells. (c) Representative 

quantitative images of the cells treated with triglyceride obtained with IVIS imaging system for CRANAD-

2 and Nile blue. (d) Quantitative analysis of the images of CRANAD-2 (n=3) in (c). (e) Two-photon cell 

imaging of 3T3-L1 adipose cells with Nile blue (left: Nile blue in the cytoplasm, middle: Nile blue in oil 

droplets, right: merged). Scale bar: 50 micron. 
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SI Figure 6 The uptake time course of Nile blue with undifferentiated (a) and differentiated 3T3-L1 cells 

(b), (c) the uptake of Nile blue in differentiated 3T3-L1 cells without (red) and with triglyceride (black).  

 

 
SI Figure 7 Lead optimization based on CRANAD-3. (a) NIR images CRANAD-19 and -22. (b) Chemical 

structures of CRANAD-19 and -22. (c) Excitation (red line) and emission spectra (blue line) of CRANAD-

19 and -22. 
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SI Figure 8 Limited uptake mechanism studies for CRANAD-29. (a) The uptake time course of CRANAD-

29 in undifferentiated (left) and differentiated 3T3-L1 cells (middle), and the uptake blocking with 

glutaraldehyde fixed 3T3-L1 cells (right). (b) Two-photon microscopic images of CRANAD-29 alone 

(left), with triglyceride competition (right). Red - CRANAD-29 signal, and green – autofluorescence of the 

cells. Scale bar: 100 micron. Apparent loss of CRANAD-29 accumulation in oil droplets was observed in 

cells treated with triglyceride. (c) Quantitative analysis images of the cells treated with triglyceride 

obtained with IVIS imaging system (n = 3). (d) Quantitative analysis images of the cells treated with CD36 

specific ligand Hexarelin obtained with IVIS imaging system. 
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SI Figure 9 (a) NIR imaging of ex vivo BAT and WAT at 4 hours after CRANAD-29 injection. (b-c) 

Representative fluorescence microscopic image (b) and H&E staining image of ex vivo BAT tissue slice of 

the animals injected with CRANAD-29. In (b), red-oil droplets, and green-autofluorescence of cells, and 

blue-DAPI. Scale bar: 150 micron. (d) The time course of CRANAD-29 fluorescence signal after 

intravenous injection. 

 

 

 
SI Figure 10 Dose optimization for in vivo studies with CRANAD-29.  



X.	  Zhang,	  C.	  Ran	  et	  al,	  Curcumin	  analogues	  as	  imaging	  probes	  for	  brown	  adipose	  tissue	  

	   11	  

 
SI Figure 11 (a) Bio-distribution of CRANAD-29 at 4 hours post intravenous injection of CRANAD-29. 

Our data indicated that the highest CRANAD-29 uptake was in BAT. (b) Representative photographic 

images of a control mouse (left) and an STZ-treated mouse (right). Red arrows point to interscapular BAT. 

(c) Correlation between NIR fluorescence signal and the weight of the dissected BAT.  
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SI Figure 12 Quantitative analysis of the fluorescent signals of interscapular BAT at 1, 2, and 4 hours post 

CRANAD-29 injection for the CL 316,243 treated group (deep blue) and the control group (light blue). 

 

 

 

 

 

 

 

 

	  
	  
	  
	  


