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Introduction  

Molecular oxygen is a key substrate of all aerobic organisms 
and the terminal acceptor of the electron transport chain. This 
highly informative marker of cellular metabolism and 
mitochondrial function is closely regulated by the ATP/ADP 
ratio, the levels of available oxygen and the action of signalling 
molecules such as NO and Ca2+.  

Analysis of molecular oxygen facilitates the elucidation of 
critical biochemical pathways; including cell survival and death,  
mitochondrial (dys)function, toxicological impact of compounds 
and metabolic alterations caused by various stimuli or disease 
states. To date routine analysis of intracellular molecular 
oxygen has been limited by the lack of suitable means of 
sensing oxygen within the cell. 

IC60N is one of a family of phosphorescent oxygen sensitive 
probes produced by Luxcel Biosciences. It has been 
developed and optimised for intracellular analysis of molecular 
oxygen and provides a simple and convenient means of 
measurement, using live-cell imaging. Measurement of oxygen 
by IC60N probe is based on the ability of O2 to quench the 
excited state of the probe. The probe is passively loaded into 
cells by liposomal transfer or facilitated endocytosis.  As the 
cell respires, intracellular O2 is depleted, which is seen as an 
increase in probe phosphorescence signal.  The assay is non-
chemical and reversible.  Fluctuations in oxygen consumption, 
reflecting changes in mitochondrial activity, are seen as 
changes in IC60N probe signal over time.  The IC60N probe 
allows measurement of subtle and transient metabolic 
responses outside the sensitivity of extracellular sensing 
methodologies. 

 

Method 

Probe preparation and cell loading 

·  Cells are grown in DMEM supplemented with foetal bovine 
serum, L-glutamine and Penecillin/Streptomycin to 
approximately 70% confluence on 35 mm live cell imaging 
dishes (Mattek). 

·  Following replenishment with 1 ml of fresh medium the cells 
are loaded with 1 µM IC60 by addition of 100 µl of the 
reconstituted probe and 6 µl of cell loading reagent. The 
cells are incubated for 20-24 hours and washed using fresh, 
pre-heated phenol red free DMEM. 

 

 

Measurement 

·  Cells are imaged using a suitable imaging platform with 
optimal filter set-up. These include Olympus IX51, Olympus 
IX71 and Zeiss Axiovert 200 fluorescence microscopes. 
Imaging of IC60 by confocal laser scanning microscopy has 
been carried out using Zeiss LSM 510 and Olympus FV1000 
imaging platforms. 

·  Follow the real-time changes in intracellular oxygen in 
response to different respiratory effectors [4]. 

Note: O2 quenches probe signal by collisional (i.e. non-
chemical, reversible) means. Thus, regions with lower O2 
levels produce higher optical signals and increases in probe 
fluorescence reflect decreases in O2 levels within the cell, and 
vice versa.  
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Fig. 1: Excitation (� ) and emission (� ) spectra of Luxcel intracellular 
probe. 

 

Data analysis  
·  The rate of signal increase can be used to compare treated 

and untreated samples or to compile dose response data.  
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Results and discussion  

Loading and measurement characteristics 

The hydrophilic nature of the IC60N probe, combined with its 
macromolecular structure facilitate simple and efficient loading 
of mammalian cells. The carrier protein of IC60N also limits 
aggregation and partitioning within the cell. Confocal imaging 
of loaded and fixed A549 cells (Fig. 2) shows sufficient probe 
is retained within the cell (without leaking) to facilitate routine 
examination of live cells for physiological and metabolic 
responses. IC60N also displays sufficient photostability for 
measurement under extended illumination [4]. 

�

Fig. 2: Overlayed confocal image of fixed A549 cells loaded with DAPI 
and IC60N. 

 

Examination of physiological responses 

Fig. 3 and 4 illustrate pronounced and reproducible signal 
changes of IC60N within live A549 cells, in response to 
different effectors of oxidative phosphorylation.  

 

 

 

 

 

 

 

 

 

Fig. 3: Response of A549 cells to the addition of 1 mM valinomycin (� ) 
measured using IC60N and negative control (� ).  

 

 

Fig. 3 shows the effect of valinomycin uncoupling on the rate of 
oxygen uptake within the individual A549 cell (processed 
data), with a control addition of DMSO causing no measurable 
signal change.  

The link between intracellular oxygen and a Ca2+ signaling 
cascade was demonstrated in the A549 cell line using the 
ryanodine receptor 1 (RyR1) agonist, 4-chloro-m-cresol (4-
CMC). Fig. 4 shows a large oscillating change in intracellular 
oxygen as measured by imaging IC60N. This change is 
subsequent to 4CMC-induced transient elevation of calcium 
and is eliminated in the presence of RYR1 channel-blocker 
procaine.  
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Fig. 4: Response of A549 cells to 4-CMC mediated Ca2+ influx in the 
presence of (� ) and absensce (� ) procaine measured using IC60N. 
Transformed trace (� ) of corresponding change in intracellular 
oxygen. 

 

These results demonstrate the effectiveness and sensitivity of 
IC60N for sensing small and transient changes in intracellular 
oxygen. IC60N allows analysis of various processes in 
different cell lines with different basal levels of intracellular 
oxygen, thus facilitating examination of mitochondrial function, 
hypoxia, cell death or the regulation of different signaling 
pathways as well as determining changes in overall cellular 
function. In addition combination of IC60N with existing probes 
allows multiplexed analysis of cellular function. 
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