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[Abstract] DiOC2 (Novo et al., 2000) exhibits green fluorescence in all bacterial cells, but the 

fluorescence shifts towards red emission as the dye molecules self associate at the higher 

cytosolic concentrations caused by larger membrane potentials. Proton ionophores such as 

CCCP destroy membrane potential by eliminating the proton gradient. The magnitude of 

membrane potentials varies with different bacterial species. For many gram-positive species, 

including Staphylococcus aureus and Micrococcus luteus, the red: green ratio tends to vary with 

the intensity of the proton gradient while in many gram-negative bacteria such as Escherichia coli 

and Salmonella choleraesuis, the response of the dye does not appear to be proportional to 

proton gradient intensity. Mycobacterium tuberculosis itself is a difficult organism to work with 

because of its rigid cell wall. 

 

Materials and Reagents 
 

1. Mycobacterial cells (Mycobacterium tuberculosis) 
2. 7H9 broth (Difco, catalog number: 271310)  
3. Glycerol (AMRESCO, catalog number: 0854) 
4. TWEEN® 80 (AMRESCO, catalog number: 0442) 
5. Middlebrook ADC (albumin-dextrose-catalase) enrichment (BD Biosciences, catalog 

number:  211886) 
6. The BacLight™ Bacterial Membrane Potential Kit (Life Technologies, Invitrogen™, 

catalog number: B34950) 
Provides the following solutions: 
a. DiOC2(Component A), 1.2 ml of a 3 mM solution in DMSO 

b. CCCP (Component B), 300 µl of a 500 µM solution in DMSO 

c. Phosphate-buffered saline (PBS, Component C), 10 mM sodium phosphate and 145 

mM sodium chloride (pH 7.4) 

7. Supplemented 7H9 broth (see Recipes) 
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Equipment 
 

1. Incubation shaker 

2. Laminar flow hood 

3. Laboratory centrifuge 

4. Flow cytometer (BD FACS VerseTM System) 

 

Procedure 
 

1. Culture the mycobacterial cells aerobically in 7H9 broth at 37 °C with shaking (200 rpm) 

till mid- log phase (OD600 of 0.3).  
2. Filter the required volume of PBS (Component C) through a 0.22 µm pore size 

membrane, preparing enough for culture dilution and 500 µl per test. 

3. Allow the 3 mM DiOC2 (Novo et al., 2000) and 500 µM CCCP solutions (Components A 

and B) to come to room temperature before use. 

4. Wash the cells with 1 ml filtered PBS twice. Spin down at a speed of 4,000 rpm for 5 min 

for each wash. 

5. Dilute the mycobacterial culture to approximately 1 x 106 cells per ml in filtered PBS.  

6. Aliquot 500 µl of the bacterial suspension into a flow cytometry tube for each staining 

experiment to be performed. Prepare two additional tubes for a depolarized control and 

an unstained control. 

7. Add 25 µl of 500 µM CCCP (Component B) to the depolarized control sample and mix. 

8. Add 3 µl of 3 mM DiOC2 (Component A) to each flow cytometry tube and mix (do not add 

stain to the unstained control sample). Incubate samples at room temperature for 30 min. 

Stained samples can be analyzed after 5 min, but signal intensity continues to increase 

until about 30 min. 

9. Stained bacteria can be assayed in a flow cytometer equipped with a laser emitting at 

488 nm. Fluorescence is collected in the green and red channels; filters used for 

detecting fluorescein and the Texas Red dye, respectively, are generally suitable. The 

forward scatter, side scatter, and fluorescence should be collected with logarithmic signal 

amplification. 

10. Instrument adjustments are especially critical for detecting relatively small particles such 

as bacteria. Use the unstained control sample to locate bacterial populations in the 

forward and side scatter channels. Use the side scatter as the parameter for setting the 

acquisition trigger.  

11. After adjusting the flow cytometer as described above, apply the depolarized control 

sample. Gate on bacteria using forward versus side scatter and adjust fluorescence 
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photomultiplier tube voltages such that the green and red MFI values are approximately 

equal. Do not set compensation. 

12. While the relative amount of red and green fluorescence intensity will vary with cell size 

and aggregation, the ratio of red to green fluorescence intensity can be used as a size-

independent indicator of membrane potential. The data can also be processed by gating 

on bacteria using forward versus side scatter, and analyze gated populations with a dot 

plot of red versus green fluorescence reporting MFI values as linear values, not as 

channels. 

13. On a ratiometric histogram, set markers around the peaks of interest and record the 

mean ratio values (Figure 1). For a dot plot of red versus green fluorescence, set regions 

around the populations of interest and record red and green MFI values for each. To 

evaluate the data, divide the red population MFI by the green population MFI. 

14. In the flow cytometer, bacteria are identified solely on the basis of their size and stain 

ability. 

 

 
Figure 1. Detection of membrane potential in mycobacteria. Red/green ratios were 

calculated using population mean fluorescence intensities for mycobacteria, incubated 

with 3 µM DiOC2  for 30 min in either the presence or absence of 25 µM CCCP. 

 
Notes 
 

1. Carbocyanine dyes, including DiOC2 and CCCP, are inhibitors of respiration. While these 

dyes do not alter assay results over the recommended staining periods, both DiOC2 and 

CCCP are toxic to bacterial cells and the cells will not be culturable after even brief 

exposure. 
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2. The cells should be washed properly and any kind of aggregation should be avoided as it 

might interfere with the assay. In case any aggregates are still observed, allow the tubes 

to stand for a while so that the clumps can settle down. The sample can be transferred to 

a fresh tube. 

3. Solutions of the carbocyanine dye DiOC2 (3, 3′-diethyloxacarbocyanine iodide) and 

CCCP (carbonyl cyanide 3-chlorophenylhydrazone) should be protected from light. 

 

Recipes 
 

1. 7H9 broth supplemented with 0.1% glycerol, 0.1% TWEEN®80 and Middlebrook ADC 

(albumin-dextrose-catalase) enrichment 
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