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[Abstract] Lipid droplets (LDs) are ubiquitous, dynamic organelles and function as a storage depot for
neutral lipids, including triglycerides and cholesterol esters (Walther and Farese, 2012). The movement
of lipid species into and out of LDs impacts a variety of cellular processes, such as energy homeostasis,
lipid-based signaling, and membrane homeostasis (Greenberg et al., 2011). For example, neutral lipid
storage is enhanced upon increased synthesis or uptake of lipid species. On the other hand,
extracellular signals can enhance the release of lipid species packaged within neutral LDs. Thus, the
investigation of topics involving lipid metabolism may require the assessment of cellular neutral lipid
content.

In

this

protocol,

we

describe

the

use

of

the

fluorescent

neutral

lipid

dye

4,4-difluoro-1,3,5,7,8-pentamethyl-4-bora-3a,4a-diaza-s-indacene (BODIPY 493/503) to facilitate
quantification of neutral lipid content by flow cytometry and observation of LDs by microscopy.
Materials and Reagents
1. 35 mm cell culture dish/well
2. Flow cytometry tube with cell strainer cap (Corning, catalog number: 352235)
3. 15 ml conical tube
4. 35 μm filter
5. FACS tube
6. Glass slides
7. Circular cover slip (12 mm #1 circular) (VWR International, catalog number: 101415-528)
8. Cell line of interest
Note: For this protocol, we utilize the A498 clear cell renal cell carcinoma cell line (ATCC,
catalog number: A-498), but this method can be readily performed with other cell lines.
9. Oleic acid (OA) (100 mg/ml with 10% BSA in DPBS) (Sigma-Aldrich, catalog number: O3008)
10. Bovine serum albumin (BSA) (10% in DPBS, low endotoxin, fatty acid free, suitable for cell
culture, sterile-filtered) (Sigma-Aldrich, catalog number: A1595-50ML)
11. 4,4-difluoro-1,3,5,7,8-pentamethyl-4-bora-3a,4a-diaza-s-indacene (BODIPY 493/503) (Thermo
Fisher Scientific, Molecular ProbesTM, catalog number: D3922)
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12. Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, catalog number: 472301)
13. Phosphate buffered saline (PBS) (Thermo Fisher Scientific, Gibco®, catalog number:
10010031)
14. Trypsin-EDTA (0.25%) with phenol red (Thermo Fisher Scientific, Gibco®, catalog number:
25200-056)
15. HEPES
16. NaCl
17. CaCl2
18. Dulbecco’s modified Eagle’s medium with high glucose and L-glutamine (Thermo Fisher
Scientific, Fisher Scientific, catalog number: SH3024301) or other medium appropriate for cell
line of interest
19. Fetal bovine serum (FBS) (Gemini Bio-Products, FoundationTM, catalog number: 900-108) or
other FBS suitable for cell line of interest
Note: For this protocol, cells were grown in DMEM + 10% FBS.
20. 4% paraformaldehyde (PFA)
21. Prolong® Gold antifade reagent with 4′,6-diamidino-2-phenylindole (DAPI) (Thermo Fisher
Scientific, Molecular ProbesTM, catalog number: P36935)
22. Collagen I, rat tail (100 mg) (Corning, catalog number: 354236)
23. 2 μM BODIPY staining solution (see Recipes)
24. 10x flow cytometry buffer (see Recipes)
Note: 10x buffer can also be purchased [10x Annexin binding buffer (BD, catalog number:
556454)].
Equipment
1. Forceps
2. Flow cytometer equipped with 488 mm laser and filter sets for measuring FITC or GFP (i.e.,
533/30)
Note: In this study, a BD Accuri C6 instrument was used.
Procedure
A. BODIPY staining for flow cytometry
1. Grow cells under culture conditions relevant for the study. A 35 mm dish/well is sufficient for the
cell numbers required in this assay. For our assays, 50,000 A498 cells in 35 mm well were
sufficient.
a. Overnight incubation of cells with 30 μM oleic acid can serve as a positive control for
increased neutral lipid content, as oleic acid is a potent inducer of triglyceride synthesis
and storage. Fatty acid free BSA serves as a control.
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2. At the time-point of interest, prepare 2 μM BODIPY staining solution in PBS. The volume of
staining solution required for each sample corresponds to the volume of media used for
culturing cells.
3. Wash cells with a quick rinse using 3 ml PBS to remove media/serum.
4. Incubate on BODIPY staining solution in the dark for 15 min at 37 °C. Include an unstained
control for flow cytometry.
Note: From this point, protect samples from light as much as possible.
5. Wash cells with a quick rinse using 3 ml PBS to remove staining solution.
6. Trypsinize cells to generate a single cell suspension. For the A498 cell line used in this
protocol, cells were incubated with Trypsin-EDTA (0.25%) for 5 min at 37 °C.
7. Add 5 ml of PBS and transfer cell suspension to a 15 ml conical tube.
8. Pellet cells at 250 x g, 5 min, 4 °C.
9. Aspirate supernatant, wash the cell pellet with a quick rinse using 3 ml PBS, and pellet cells at
250 x g, 5 min, 4 °C.
10. Carefully aspirate the supernatant and resuspend cells in 300 μl 1x flow cytometry buffer.
11. Pass cell suspension through a 35 μm filter into a FACS tube.
12. Perform flow cytometry. Obtain a minimum of 10,000 events per condition.
13. The investigator can analyze data as mean fluorescence (Figure 1A) or display the data as a
histogram (Figure 1B).
B. BODIPY staining for microscopy
1. Autoclave coverslips in a glass bottle.
2. In the tissue culture hood, place coverslips into 35 mm cell culture dishes.
3. Prepare 2 mg/ml collagen solution in PBS.
4. Treat the coverslips with collagen to promote cell adherence. Add 3 ml collagen solution to
culture dishes and incubate at 37 °C for 30 min.
Note: Use forceps to ensure that coverslips are flush with the bottom of the culture dish,
eliminating any air bubbles that may be under the cover slips.
5. Aspirate the collagen solution.
6. Wash with PBS.
7. Add PBS to culture dishes and place under UV light in the culture hood to sterilize.
8. Plate cells into culture dishes containing the coverslips. The optimal cell number should be
determined to achieve confluence of 30-50% at the time of staining to permit proper imaging.
For A498 cells used in this protocol, 100,000 cells were plated in 35 mm wells to permit staining
at 48 h post plating.
9. Incubate under the culture conditions relevant to your experiment.
a. For this protocol, A498 cells were incubated in DMEM (high glucose, L-glutamine, sodium
pyruvate) supplemented with 10% FBS at 37 °C.
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b. Overnight incubation of cells with 30 μM oleic acid with BSA can serve as a positive control
for increased neutral lipid content, as oleic acid is a potent inducer of triglyceride synthesis
and storage. Fatty acid free BSA serves as a control.
10. At the time-point of interest, prepare 2 μM BODIPY staining solution in PBS.
a. For this protocol, A498 cells were stained 48 h after plating, after an overnight incubation
with BSA or BSA + oleic acid.
11. Wash cells with 3 ml PBS.
12. Incubate on 3 ml staining solution for 15 min at 37 °C.
Note: From this point, protect samples from light as much as possible.
13. Wash twice in 3 ml PBS.
14. Fix cells in 3 ml 4% PFA for 30 min at room temperature.
15. Remove 4% PFA.
16. Wash samples 3 x 5 min in PBS.
17. Use forceps to mount cover slips onto glass slides.
a. Add a drop of Prolong® Gold antifade reagent with DAPI onto slide.
b. Use forceps to pick up cover slips and place onto the drop of mounting solution, ensuring
that the side that side with cells is placed face down onto the mounting solution.
18. Allow the mounting solution to cure overnight at room temperature.
19. Slides can be stored at 4 °C or imaged immediately (Figure 1C).

Figure 1. Quantification and visualization of intracellular neutral LDs. A. A498 cells were
grown overnight in the presence of BSA (0.2%) or 30 μM oleic acid with BSA. The cells were
analyzed according to the section titled “BODIPY staining for flow cytometry”. For each sample,
mean FL-1 area was normalized to the mean FL-1 area for the BSA treated samples. Note that
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oleic acid increased FL-1 area. P-value was determined by an unpaired student’s t-test. ***P <
0.001. B. Representative histograms of cells described in (A). C. A498 cells grown on
coverslips were treated overnight with BSA (0.2%) or 30 μM oleic acid with BSA. The cells were
analyzed according to the section titled “BODIPY staining for microscopy”. Scale bar = 5 μm.
Recipes
1. 2 μM BODIPY staining solution
a. Prepare 5 mM BODIPY stock solution
Dissolve 1.3 mg BODIPY in 1 ml DMSO and can be stored at -20 °C.
b. 2 μM BODIPY staining solution can be prepared by diluting stock solution 1:2,500 in PBS.
2. 10x flow cytometry buffer
0.1 M HEPES (pH 7.4)
1.4 M NaCl
25 mM CaCl2
Notes:
a. 10x buffer can be stored at 4 °C.
b. Dilute to 1x using MilliQ water prior to use.
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