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Novel live-cell and fixable mitochondrial probes for cytometry and imaging

CONTACT: Hannah.maple@bio-techne.com

INTRODUCTION

CONCLUSION

Fluorescent probes that accumulate specifically in cellular organelles are widely used and

valuable components of the ‘toolkit’ for fluorescence imaging and flow cytometry. Functioning

mitochondria underpin many critical cellular processes are commonly referred to as the

‘powerhouse of the cell’, while mitochondrial dysfunction is linked to numerous diseases. The

mitochondrial membrane potential (Δψm) is an indicator of mitochondrial activity and health

because it relates directly to the cells’ ability to generate ATP. Fluorescent probes that accumulate

in the mitochondria specifically as a result of the transmembrane potential can therefore provide

useful insights into mitochondrial and cell health.

We report the development of novel fluorescent probes that specifically localize to the

mitochondria due to the mitochondrial membrane potential: called MitoBrilliant™ probes.

MitoBrilliant™ live; 646 and 549 are far-red and orange probes, respectively, that are suitable for

staining healthy mitochondria in live cells in flow cytometry, imaging and high-content screening.

MitoBrilliant™ 646 is a corresponding far-red probe suitable for both live and fixed-cell staining.

It retains brightness and fidelity to the mitochondria after fixation, and is suitable for use in flow

cytometry, imaging, high-content screening and STED super-resolution microscopy.

We report the development of MitoBrilliant™ probes for both live-cell only and live/fixed cell mitochondrial

staining. MitoBrilliant™ probes localize to the mitochondria with exceptional fidelity and demonstrate

enhanced properties compared to existing probes. For example, MitoBrilliant™ live; 549 is exceptionally

bright and provides excellent structural resolution. MitoBrilliant™ 646 retains very clear mitochondrial

staining post-fixation and can be used for STED microscopy. MitoBrilliant™ live; 646 shows good

photostability and versatility for use in a range of different applications.

Figure 10. (A, B) Gating strategy for the MitoBrilliant™ live; 549 labelled K562 cells:
gate on total cells, then gate on the non-NKs (CD56 Alexa Fluor 700 negative/Janelia
Fluor® dye negative). This ensures that NKs are not included in the MitoBrilliant™
live; 549 histograms. (C) The histograms depict Effector (NK) to Target (K562) ratios
of 0:1, 0.5:1 and 5:1. (D) K562 killing normalized to K562 cells alone (0:1). The
relative percentage of NK killing is shown at 0.5:1 and 5:1 Effector (NK cells) to Target
(K562 cells) ratios.
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Figure 8. Stimulated emission
depletion (STED) super resolution
microscopy of COS-7 cells dual-
stained with MitoBrilliant™ 646 (100
nM, magenta) for 30 minutes
followed by immediate fixation with
6% PFA for 20 minutes at 37 °C.
Samples were further processed for
immunofluorescent antibody
staining (outer mitochondrial
membrane protein TOMM40,
green). Shown are confocal (left)
and super-resolution (right, 20 nm
pixel size) images of mitochondria.
Scale bar = 1 µm
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RESULTS & DISCUSSION

Figure 7. Depolarizing the mitochondrial membrane potential with CCCP abolishes
the mitochondrial accumulation of MitoBrilliant™ 646 or MitoTracker™ Deep Red FM
(C). However, depolarizing the mitochondrial membrane potential for 30 minutes with
CCCP after staining still results in a strong mitochondrial signal of MitoBrilliant™ 646,
but not of MitoTracker™ Deep Red FM (B). This suggests that MitoBrilliant™ 646 is still
retained in mitochondria even after the loss the mitochondrial membrane potential,
whereas the mitochondrial accumulation of MitoTracker™ Deep Red FM is reversible.
In conclusion, mitochondrial accumulation of MitoBrilliant™ 646 and MitoTracker™
Deep Red FM is membrane potential-dependent, but only reversible for MitoTracker™
Deep Red FM upon loss of the mitochondrial membrane potential. Scale bar = 10 µm

(C) 
CCCP pre-treatment Figure 9. Mitochondrial probe brightness comparison. Hela Cells incubated with

MitoBrilliant™ live; 549 (left) or MitoTracker™ Orange CMTMRos (right), for 40 min
and concentration (100 nM). Cells were counter-stained with DAPI. Image taken
using an LSM880 Confocal using a 63X objective. Scale bar = 10 µm
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Figure 5. High-content imager data for MitoBrilliant™ labelling in different cell types. Cells
were incubated with either MitoBrilliant™ live; 646 (75 nM) or MitoTracker Red CMXRos
(250 nM). Bright labelling of mitochondria was observed in different cell types.
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Figure 2. Depolarizing the mitochondrial membrane potential with CCCP abolishes the
mitochondrial accumulation of MitoBrilliant™ live; 646 (C). Moreover, depolarizing the
mitochondrial membrane potential for 30 minutes with CCCP after staining results in the
loss of the mitochondrial signal of MitoBrilliant™ live; 646 (B). In conclusion,
mitochondrial accumulation of MitoBrilliant™ live; 646 is membrane potential-dependent
and reversible upon loss of the mitochondrial membrane potential. Scale bar = 10 µm

Mitochondrial membrane dependence: COS-7 cells were pre-treated with media or CCCP (20 µM) for 30 minutes followed by a staining 
step with MitoBrilliant™ probe (100 nM) or MitoTracker™ Deep Red FM (100 nM) for 30 minutes in the presence/absence of CCCP (20 µM). 
After the staining, excessive dye was washed out with media with (“CCCP chase”) or without CCCP (20 µM) for 30 minutes. 

High-content imager data: Cells were incubated with either MitoBrilliant™ live; 646 (75 nM) or MitoTracker Red CMXRos (250 nM) for 45
minutes and washed in DMEM complete media prior to live imaging. Cells were counter-stained with DAPI. Images taken using a
Yokogawa CQ1 high-content imager using a 60X objective.

Figure 3. Comparison of the photostability of
MitoBrilliant™ live; 646 (100 nM, pink) and
MitoTracker Deep Red FM (50nM, red) in COS-7
cells. MitoBrilliant™ live; 646 showed very good
photostability compared to MitoTracker™ Deep
Red under these experimental conditions.

Photostability data: COS-7 cells stably expressing TOMM20-EGFP were stained with 100 nM MitoBrilliant™ live; 646 or 50 nM
MitoTracker Deep Red FM for 60 minutes followed by the washout of excessive dye with fresh media. Images were acquired every second
over a time frame of 5 minutes. Mitochondrial specific intensities were measured according to the mitochondrial signal of TOMM20-EGFP.
Data represents the mean of three independent experiments (7 cells per experiment and condition) with standard deviations.

Figure 4. Flow cytometry data
showing overlay of K562 cells
stained with MitoBrilliant™ live; 646
(200 nM, orange) and unstained cells
(blue).

Flow cytometry data: K562 cells were labelled with MitoBrilliant™ probe (200 nM) for 30 minutes at 37˚C. Cells were then washed and
placed into a killing assay with NK cells. After 2 hours, the cells were harvested, stained as described in the methods, and acquired on BD
Fortessa Flow Cytometer.

MitoBrilliant™ 646 MitoTracker™ Deep Red FM

Figure 6. Performance of MitoBrilliant™ 646 post-fixation. HeLa cells were incubated with
100 nM probe for 40 min. Cells were then fixed for 10 min in 4% PFA. All images were
taken using the LSM880 Confocal using a 63x oil objective. Laser power and gain were
set to each individual probe. Scale bar = 10 µm

Performance and fidelity post-fixation
Mitochondrial membrane potential dependence

Mitochondrial membrane potential dependence

Performance with STED 
microscopy

HCI data in different cell lines

P
h

o
to

st
a

b
il

it
y

A
p

p
li

ca
ti

o
n

 i
n

 
fl

o
w

 c
yt

o
m

e
tr

y

Confocal microscopy 

Figure 1: Mitochondria structure and function. Top: shows
mitochondria location within the cell's cytoplasm. Left: shows
basic mitochondria structure. Right: shows location of key
enzymes and transporters.

MitoBrilliant™ live; 549 in NK killing assay
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Human NK cell killing flow cytometry assay: Human NK cells were isolated from whole blood. 0.2x106 PBMCs were placed into culture
for 14 days in the presence of 10 µg/mL platebound anti-NKp46 (R&D Systems, Catalog # MAB1850) in CCM032 media supplemented
with hIL-2 (27 ng/mL; R&D Systems, Catalog # 202-GMP; ), hIL-12 (10 ng/mL; R&D Systems, Catalog # 219-GMP), hIL-18 (10 ng/mL; R&D
Systems, Catalog # 9124-IL), and hIL-21 (10 ng/mL; R&D Systems, Catalog # 8879-GMP). At day 14, NK cells were labeled with Janelia Fluor
NK Cell Dye and K562 target cells were labeled with MitoBrilliant™ live; 549 Dye as described above. NK and K562 cells were then co-
incubated for 2 hours at Effector (NK) to Target (K562) ratios of 1:0, 0:1, 0.5:1, and 5:1 (1 = 0.25 x 10^6 cells). The cells were then
harvested, stained with Live-or-dye 405/545 Viability dye, followed by antibodies to hCD3 Alexa Fluor 405 (Catalog # FAB100V) and
hCD56 Alexa 700 (Catalog # FAB24086N). Cells were then fixed with 1% formaldehyde for 10 minutes to stop any residual killing. To
assess killing, NKs were excluded, so that MitoBrilliant™ live; 549 histograms depict only K562 cell death. Counting beads were used to
collect equal numbers of cells/sample. Gates were set off isotype controls (not shown).
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