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Supplementary Methods  
Preparation of the encapsulated fluorescence oxygen-sensing microparticles. The 
oxygen-sensitive fluorophore tris-(BATHOPHENANTHROLINE) ruthenium (II) dichloride, or 
Ru(Ph2phen3)Cl2 (GFS Chemicals, Powell, OH) and the oxygen-insensitive fluorophore Nile 
blue chloride (GFS Chemicals, Powell, OH) were immobilized to 9.5-11 micrometer Silica 
particles (Sigma) (For additional details see Acosta et al., 20129). Fluorophore-bound silica 
particles (50-200 mg) were thoroughly mixed with 1 g of poly(dimethylsiloxane) (PDMS) pre-
polymer, and 0.1 g of curing agent was added (Sylgard 184 elastomer kit; Dow Corning, 
Midland, MI). A single droplet (5 - 10 µL) of the resulting liquid slurry is gently compressed 
between two 21 mm microscope coverslips to obtain a thin planar PDMS coating. The two 
coverslips are separated and the PDMS coating is allowed to cure for 48 hours (hrs) at ambient 
room conditions. Note that, during the curing time each coverslips is oriented so that the PDMS 
coating is facing downward, this enables the Silica gel particles to settle close to the surface of 
the PDMS coating. After the 48 hr curing the coverslips are then baked at 60 ºC for 
approximately 1 hr. After cooling at room temperature (~12 hrs) the coverslips are ready to be 
used.    

Experimental apparatus. All solution perfusion lines are from O2-impermeable material (i.e., 
stainless steel tubing with polyether ether ketone (PEEK) fittings at the joints) and lead to a 
customized aluminium open-top chamber. The glass reservoirs containing the solutions are 
bubbled with gas mixtures, either high purity N2 gas and air, or high purity Argon (Ar) and air. 
The gas purging ratio: N2/air or Ar/air is set by two pressure regulators. When used, a 
commercially available, clark-based dip-type, oxygen microelectrode (MI-730, Microelectrodes, 
INC, USA) is calibrated daily. The analog output (in mV) of the O2 microelectrode is converted to 
pO2 units (in mmHg) according to the manufacturer's instruction via two points calibration 
procedure, first by superfusing with air-saturated solution (160 mmHg), and then with Ar-
saturated solution containing 20 mM sodium hydrosulfite (Na2O4S2), which is taken as the 
anoxic point (~0 mmHg).  

Confocal imaging. Imaging was done with a Zeiss LSM 510 inverted confocal microscope. 
Ru(Ph2phen3)Cl2 is excited via the Argon 488 nm laser (505-530 nm emission) and Nile blue 
chloride via the HeNe 633 nm  laser (505-530 nm emission). Ventricular myocytes were isolated 
using standard enzymatic approach10 from the hearts of adult (250-300 g) sprague dawley rats 
or new-zealand white rabbits. Cells were loaded with the acetoxymethyl ester form (AM) of the 
Ca2+ sensitive fluorescent indicator Rhod-2 (5 µM) for [Ca2+]i transient measurements. Rhod-2 
was excited  via the HeNe 543 nm laser (560-590 nm emission). [Ca2+]i transients were 
acquired using the linescan mode and analyzed using the image-processing software ImageJ 
(Wayne Rasband, National Institutes of Health, Bethesda, MD). Isolated cardiomyocytes are 
superfused with normal Tyrode (NT) as the extracellular (bath) solution, containing (in mM): 
NaCl (140), KCl (5), CaCl2 (1.8), MgCl2 (0.5), HEPES (5), Glucose (5), NaH2PO4 (0.33), pH 7.4 
with NaOH. An ischemic Tyrode (IT) solution, is NT solution with the following modifications to 
simulate the ischemic conditions: 20 mM of NaCl are replaced with equimolar Na-Lactate, D-
glucose is replaced by equimolar L-glucose, pH 6.8. All experiments were conducted at room 
temperature. 

http://rsb.info.nih.gov/ij/
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Supplemental Figure 1. Calibration of the 
O2-probe. (A) (i) Bright-field image showing 
the PDMS-encapsulated silica microparticles. 
(ii) Confocal image showing the fluorescence 
of the microparticles-bound oxygen-sensitive 
fluorophore  Ru(Ph2phen3)Cl2. (iii) Confocal 
image showing the fluorescence of the 
microparticles-bound oxygen-insensitive 
fluorophore Nile blue chloride. (iv) Binary 
image obtained by thresholding the 
fluorescence image of Nile blue chloride. 
Identified individual silica particles are 
superimposed with yellow borders.(B) Time-
dependent fluorescence measurements of 
pO2 with the silica oxygen-sensor (filled black 
circles, n=107 silica particles), and 
simultaneous measurements with a Clark 
oxygen microelectrode (red line) from a rapid 
superfusion chamber. The inset is showing the 
time-dependent fluorescence signals from 
Ru(Ph2phen3)Cl2 (filled green circles, n=107 
silica particles) and Nile blue chloride (filled 
blue circles, n=107 silica particles).  

 

Supplemental Table 1. Conversion of the 
fluorescence signals from the O2-probe to 
pO2.     
Quantitative pO2 values in mmHg obtained 
from the measured O2-probe signals (i.e., R/
R160). The conversion is done using 
previously attained calibration constants (i.e., 
f1=0.96, R0 /R160= 2.85, Ksv = 0.013 mmHg-1). 
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Supplemental Figure 2. Degradation of 
oxygen gradients by atmospheric O2. 
Time-dependent measurements of local pO2  
with the O2-probe. Solutions are delivered 
from the reservoirs at the times indicated 
through either Tygon tubing (black circles) or 
stainless steel tubing (red circles).   

  

Supplemental Table 2. Oxygen diffusion 
rates through commonly used materials 
for cellular imaging systems. Diffusion 
constants for each material are taken from 
the references indicated and can be found in 
the SI. 

Material Diffusion Coefficient
(cm2/s)

Temperature
(C)

Reference

Stainless Steel 10-16 23 [1]

Glass (SiO2) 10-15 23 [2]

Poly(Ethel ether ketone)
or PEEK

10-9 25 [3]

Polycarbonate 3.53x10-8 25 [3]

Polyethylene 10-7

25 [6]Polystyrene 1.1x10-7

25 [5]

Tygon 10-7-10-8 23 [4]

Polydimethysiloxane 
or PDMS

25 [8]3.55x10-5

H2O 2.4x10-5 25 [7]
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Supplemental Figure 3. Measuring the 
abrupt local (bathing) solution switch. (A) 
(i)  bright-field line-scan image showing the 
abrupt local (bathing) solution switch from 
anoxic solution to hyperoxic (160 mmHg), 
and back again to anoxic solution. Note that 
the hyperoxic solution contained 50 uM 
Sulforhodamine that reduces the transmitted 
light and is used here to measure the local 
switch between the two solutions. (B) The 
red line shows the time-course of changes in 
the local (bathing) solution. The black line 
shows the simultaneous pO2 measurements 
with the O2-probe (8 O2-microsensors, from 
Fig 4A)). (C) Black lines are double 
exponential fits to the pO2 rise (t0.5=0.7 sec, 
n=6 experiments) and  pO2 decay (t0.5=1.63 
sec, n=6 experiments). The red line shows 
the time-course of changes in the local 
(bathing) solution in these experiments.  
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Supplemental Figure 4. Diagram of method adapted for any cell type and use with or without 
confocal imaging capabilities.  
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Supplemental Figure 5. Cytosolic Ca2+ signaling in 
ventricular myocytes is sensitive to multiple ischemic 
factors. (A) The time course of changes of pO2 (blue line) and 
cytosolic Ca2+ (black line). The  Ca2+-sensitive fluorophore 
Rhod-2 is used for cytosolic Ca2+ ([Ca2+]i) measurements. 
Fluorescence line-scan measurements of  [Ca2+]i are acquired 
along the longitudinal axis of a cardiomyocyte. During each 
imaging break as noted by the gaps in the records, the 
automated focal plane adjustment function of the confocal 
microscope switches back and forth between two planes. The 
two planes are: 1) the imaging plane of the cardiomyocyte and 2) 
the imaging plane of the OxySplots for pO2 measurements. The 
cell is initially perfused with normal Tyrodes solution (i.e., Normal 
Buffer), and then perfused with ischemic buffer.  Ischemic buffer 
is composed of normal Tyrodes solution in which 20 mM NaCl is 
replaced with equimolar Na-Lactate and D-glucose is replaced 
by equimolar L-glucose and  acidity is adjusted to pH 6.8. The 
solution reservoir that holds the ischemic buffer is vigorously 
bubbled with pure Argon (99.99%) to reduce its pO2 to near 0 
mm Hg. During the entire time course of the experiment electric 
field shocks (stimulations) were applied at 0.5 Hz.  Panel A was 
adapted from Figure 6 A and shown for comparison.  (B) The 
experiment of panel (A) is repeated except that the   pO2  was 
maintained at 160 mmHg (room air) throughout the experiment.    

Supplemental Movie 1. Time-laps confocal microscopy imaging showing the fluorescence of  
Nile Blue during abrupt changes of pO2  from 160 to 0, and back to 160 mmHg. 

Supplemental Movie 2. Time-laps confocal microscopy imaging showing the fluorescence of  
Ru(Ph2phen3)Cl2 during abrupt changes of pO2  from 160 to 0, and back to 160 mmHg. 
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