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Abstract 10 

For the advanced study of mitochondrial function, high-resolution respirometry is 11 
extended by fluorometric measurement of ATP production using the fluorophore 12 

Magnesium Green™ (MgG). A common problem with several fluorescent dyes is the 13 
inhibition of mitochondrial respiration. In the present study, a coupling control protocol 14 
was applied in combination with MgG to measure ATP production simultaneously with 15 
respiration for calculation of P»/O2 ratios. MgG at 1.1 µM did not affect respiration through 16 
the NADH-linked and succinate-linked pathways. Respiration was not inhibited in any of 17 
the coupling control states, hence coupling control efficiencies were not affected by MgG. 18 
 19 

Keywords ‒ ATP; ATP production; high-resolution respirometry; Magnesium Green; 20 
mitochondria; oxidative phosphorylation; fluorometry; FluoRespirometry 21 
 22 

1. Introduction 23 

Mitochondrial ATP production can be analyzed with a fluorometric technique using 24 

Magnesium Green™ (MgG) as a fluorescent probe, as described by Chinopoulos et al 25 

(2009).  Application of the Mg2+-sensitive fluorophore as an indicator of ATP production 26 

relies on the fact that ADP and ATP have different affinities for Mg2+ (Gnaiger, Wyss 1994; 27 

Leyssens et al 1996; Budinger et al 1998). ADP is phosphorylated to ATP in the 28 

mitochondrial matrix. In the phosphorylation system ADP/ATP and inorganic phosphate 29 

Pi are exchanged stoichiometrically by the adenine nucleotide translocase ANT and the 30 

phosphate carrier PiC. Under experimental conditions when ADP decreases while ATP 31 

increases in the extramitochondrial milieu, the Mg2+ concentration declines due to the 32 

higher affinity for Mg2+ of ATP than ADP (Figure 1). Therefore, the fluorometric assay with 33 

the membrane-impermeant MgG provides a quantitative approach to analyze 34 

mitochondrial ATP production. This method was developed further to measure 35 

concomitantly mitochondrial ATP production and O2 consumption in the Oroboros O2k-36 

FluoRespirometer which is an experimental system complete for high-resolution 37 

respirometry including fluorometry (Chinopoulos et al 2014). 38 
 39 
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Fluorescent dyes are widely used to assess various parameters relevant in 40 

mitochondrial physiology. Safranin, rhodamine and its derivatives, such as TMRM, are 41 

frequently employed as reporters of the mitochondrial membrane potential ΔΨp+. 42 

However, all ΔΨp+ dyes have been shown to affect mitochondrial respiration (Scaduto, 43 

Grotyohann 1999). Like TPP+, safranin mainly affects the NADH (N)-linked pathway, the 44 

phosphorylation system, and to a smaller extent the succinate (S)-linked pathway 45 

(Krumschnabel et al 2014). The effect of ΔΨp+ fluorescent probes can be explained since 46 

they accumulate in the mitochondrial matrix and thus possibly affect mitochondrial 47 

function. 48 
 49 

Figure 1. Concept of the MgG assay according to Chinopoulos et al (2014). MgG 50 

fluoresces when bound to Mg2+. ADP and ATP compete for Mg2+ binding with different 51 

affinities; ATP has a higher affinity for Mg2+ compared to ADP. (a) Initial experimental 52 

conditions, when ADP is added, binding some Mg2+, and high MgG fluorescence drops 53 

slightly. (b) As the experiment proceeds, ADP is phosphorylated to ATP, which is 54 

exchanged for ADP by the adenine nucleotide translocase ANT. With increase in ATP in 55 

the extramitochondrial medium, more Mg2+ is bound to ATP, and MgG fluorescence 56 

decreases. 57 

 58 

It is important to note that another dye frequently used in mitochondrial physiology 59 

studies, Amplex UltraRed, employed to analyze H2O2 production, was shown to affect 60 

mitochondrial respiration even though the mitochondrial membranes are not permeable 61 

to this fluorophore (Makrecka-Kuka et al 2015). Therefore, it is important to analyze 62 

whether MgG affects mitochondrial respiration, despite the fact that mitochondrial 63 

membranes are not permeable to this fluorophore. 64 
 65 
In the present technical communication, we report the effect of MgG on 66 

mitochondrial respiration, which is the gold standard to evaluate mitochondrial function. 67 

This provides an important contribution towards further development of this method to 68 

analyze P»/O2 ratios in different mitochondrial preparations. The use of a coupling 69 

control protocol assessing O2 consumption and MgG fluorescence allows for the 70 

evaluation of mitochondrial respiration and ATP production using NADH- and succinate-71 

linked substrates in LEAK, OXPHOS- and ET-state, making it possible to obtain flux control 72 

efficiencies. 73 
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2. Materials and methods 74 
 75 

2.1. Reagents 76 
 77 
Magnesium Green was purchased from Invitrogen/Thermo Fisher Scientific (cat. Nº 78 

M3733). Antimycin A (cat. Nº A8674), ATP (cat. Nº A2383), CCCP (cat. Nº C2759), malate 79 

(cat. Nº M1000), MgCl2 1 M (cat. Nº  M1028), oligomycin (cat. Nº O4876), pyruvate (cat. 80 

Nº P2256), rotenone (cat. Nº R8875), SF 6847 (cat. Nº T182), and succinate (cat. Nº 81 

S2378) were obtained from Sigma Aldrich. ADP was acquired from Millipore (cat. Nº 82 

117105), and carboxyatractyloside from Calbiochem (cat. Nº 216201).  83 
 84 

 ADP and ATP were diluted in deionized H2O without addition of Mg2+ salts, pH was 85 

adjusted to 6.9 with KOH. Magnesium Green, malate, succinate, carboxyatractyloside and 86 

MgCl2 were diluted in deionized H2O whereas antimycin A, CCCP, oligomycin, rotenone 87 

and SF 6847 were diluted in ethanol p.a. All solutions were aliquoted and stored at -20 °C, 88 

except pyruvate, which was diluted in deionized H2O fresh on the day of each experiment. 89 
 90 
2.2. Animals 91 

 92 
Wild-type C57BL/6N adult mice (N=3 per experimental group) were housed in the 93 

animal facility of the Medical University of Innsbruck (maximum 5 mice per cage) and, 94 

maintained at 22 °C with a controlled 12 h light/dark cycle. Mice were fed ad libitum with 95 

free access to water.  All procedures were conducted according to the Austrian Animal 96 

Experimentation Act in compliance with the European convention for the protection of 97 

vertebrate animals used for experimental and other scientific purposes 98 

(Tierversuchsgesetz 2012; Directive 2010/63/EU; BMWFM-66.011/0128-99 

WF/V/3b/2016). 100 
 101 
2.3. Cardiac mitochondrial isolation and protein concentration determination 102 

 103 
Following cervical dislocation, the hearts were immediately excised and transferred 104 

into ice-cold biopsy preservation solution (BIOPS: 10 mM Ca2+-EGTA - 0.1 µM free Ca2+, 105 

20 mM imidazole, 20 mM taurine, 50 mM K+-MES, 0.5 mM dithiothreitol, 6.56 mM MgCl2, 106 

5.77 mM ATP, 15 mM phosphocreatine, pH 7.1 adjusted with KOH) for short period of 107 

time (1–2 h; Fontana-Ayoub et al 2016). All procedures were performed on ice (Gnaiger 108 

et al 2000a). Mouse heart mitochondria were isolated following the protocol described 109 

by Fontana-Ayoub and Krumschnabel (2015). The heart (~ 80−120 mg) was washed to 110 

remove blood clots and minced with 1 mL of BIOPS. The tissue was homogenized with 2 111 

mL isolation buffer (IB1: 0.5 M mannitol; 0.5 M sucrose; 0.1 M EGTA; pH 7.4 adjusted with 112 

Tris; 2.5 mg/mL BSA and 0.5 mg/mL subtilisin, the latter two added freshly on the day of 113 

use) on a 10 mL glass-Teflon Potter Elvehjem homogenizer, 6−8 × with about 1000 rpm 114 

mechanical rotation. 3 mL of IB1 was added to the homogenate which was centrifuged at 115 

800 g for 10 min at 4 °C. The supernatant was centrifuged again, at 10 000 g for 10 min at 116 

4 °C. The pellet was resuspended carefully using a 1 mL pipette in 0.5 mL IB2 (IB1 without 117 

subtilisin). After addition of 2 mL IB2, the homogenate was centrifuged again at 10 000 g 118 

for 10 min at 4 °C. The pellet was resuspended in 200 µL of IB3 (IB1 without BSA and 119 

subtilisin) and kept on ice until use on the same day within 2 h.  120 
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Protein concentration was used for calculation of mass specific O2 flux, determined 121 

using the kit DC Protein Assay (Bio-Rad, Hercules, CA, US). Absorbance was measured at 122 

620 nm with a Tecan Infinite TM F200 spectrophotometer (Tecan, Männedorf, 123 

Switzerland), using BSA at different concentrations as standards (Lowry et al 1951). 124 
 125 
2.4. High-resolution respirometry 126 

 127 
Oxygen consumption and ATP production measurements were performed 128 

simultaneously at 37 °C in the O2k-FluoRespirometer (O2k, Oroboros Instruments, 129 

Innsbruck, Austria). The O2k includes two Duran® glass chambers with stirring (750 130 

rpm) and controlled temperature for closed-chamber respirometry using polarographic 131 

oxygen sensors (POS). Smart Fluo-Sensors Blue were used, with excitation LED 465 nm 132 

and filters for the LED and photodiode selected for Magnesium Green™). Specific 133 

amperometric emission and detection settings ― fluorescence light intensity of 500 and 134 

gain 100 ― were applied with the software DatLab 7.4 (Oroboros Instruments, Innsbruck, 135 

Austria) with continuous data recording set at 2 s time intervals. Standardized 136 

calibrations and instrumental O2 background tests were performed (Doerrier et al 2018). 137 

The time-derivative of the O2 concentration is calculated real-time by DatLab, providing 138 

traces of O2 flux corrected for the O2 instrumental background (Gnaiger 2001). 139 
 140 
Experiments were run with cardiac isolated mitochondria at protein concentrations 141 

in the range of 0.026−0.049 mg/mL in modified mitochondrial respiration medium 142 

MiR05-MgG (MgCl2 1 mM instead of 3 mM in MiR05, EGTA 0,5 mM, KH2PO4 10 mM, Hepes 143 

20 mM, lactobionic acid 60 mM, D-sucrose 110 mM, taurine 20 mM, BSA 1 g/L, pH 144 

adjusted with KOH to 7.1). This modification of MiR05 (Gnaiger et al 2000a) was 145 

optimized for measurement of ATP production with MgG. 146 
 147 

2.5. ATP production measurement with MgG 148 
 149 
MgG (Magnesium Green™, pentapotassium salt, cell impermeant) does not 150 

permeate biological membranes. Therefore, the plasma membrane barrier function must 151 

be removed, as achieved in mitochondrial preparations − isolated mitochondria, tissue 152 

homogenates, permeabilized tissues and cells. MgG remains outside of the mitochondrial 153 

matrix and fluoresces when bound to Mg2+. In the phosphorylation reaction 154 

ADP + Pi  ATP 155 

reactants and MgG bind Mg2+ according to their apparent dissociation constants. When 156 

ADP is added to the experimental chamber, there is a fast drop of the fluorescence signal. 157 

If mitochondria and fuel substrates are present, ATP is generated and exchanged with 158 

ADP by the ANT. ATP has a higher affinity to Mg2+ compared to ADP. As ATP concentration 159 

increases in the medium, the free Mg2+ concentration declines, less MgG is bound to Mg2+, 160 

and the fluorescence decreases. The ATP concentration in the medium is calculated 161 

according to Chinopoulos et al (2009; 2014), taking in account that: (1) the initial 162 

concentration of ATP is zero, (2) the initial concentration of ADP is known, (3) the 163 

concentration of Mg2+ is measured, and (4) apparent Kd values for ADP and ATP with Mg2+ 164 

are obtained experimentally. 165 
 166 
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The free Mg2+ concentration was calibrated in MiR05-MgG containing the 167 

mitochondrial sample, fuel substrates, carboxyatractyloside, and oligomycin. MgCl2 was 168 

titrated in 10 steps of 0.1 mM to obtain a non-linear fit for calibration of the amperomeric 169 

signal. After calibration, the Kd of ADP and ATP for Mg2+ was determined for each 170 

experimental condition by performing multiple titrations with ADP or ATP.  171 
 172 
2.6. Substrate-uncoupler-inhibitor-titration (SUIT) protocols 173 

 174 
Coupling control protocols (SUIT-006) assess different coupling control states - 175 

LEAK, OXPHOS and ET - at a constant electron-transfer-pathway state (Gnaiger et al 176 

2020). The effect of MgG on mitochondrial respiration was evaluated in its absence or 177 

presence (1.1 µM), which was added to the experimental chambers prior to sample 178 

addition. Since this fluorescent dye is diluted in water, and only a 2 µL volume was added 179 

into the 2 mL chamber, no solvent addition was performed in the control group without 180 

MgG. After addition of isolated mitochondria into the O2k chambers, residual oxygen 181 

consumption Rox was measured in the absence of substrates. Two coupling-control 182 

protocols were used to study simultaneously oxygen consumption and ATP production 183 

with the following titrations: NADH-pathway with 5 mM pyruvate and 2 mM malate, or 184 

Succinate-pathway with 0.5 µM rotenone and 10 mM succinate. First, LEAK respiration 185 

was measured in the absence of ADP. Secondly, OXPHOS capacity was measured after 186 

addition of 2 mM ADP. Oligomycin (7.5−10.0 nM) or carboxyatractyloside (0.3 – 0.4 mM) 187 

were added to induce again a LEAK state. This was followed by stepwise titration of the 188 

uncouplers CCCP (0.5 µM steps) or SF 6847 (25−50 nM steps) up to the optimum 189 

concentration, when the maximum O2 flux was achieved as a measure of ET capacity. 190 

Finally, residual oxygen consumption was measured after the addition of the CIII inhibitor 191 

antimycin A (2.5 µM). 192 
 193 
2.7. Data analysis 194 

 195 
The assays were repeated 3 times with independent mitochondrial preparations, 196 

with or without MgG, for each condition tested. Data analysis for O2 consumption, 197 

calculations of Kd values and ATP production following Chinopoulos et al 2014, were 198 

performed using the templates provided with the software DatLab 7.4. 199 

 200 

3. Results and discussion 201 
 202 
Figures 2a and 3a show superimposed traces of O2 concentration and O2 flux per 203 

mass. Coupling control of mitochondrial respiration was measured in two different 204 

electron-transfer-pathway control states. In the N-protocol, the NADH-linked pathway 205 

through Complex I (CI) was evaluated in the presence of pyruvate and malate which 206 

stimulate dehydrogenases of the TCA cycle, leading to reduction of NAD+ to NADH. NADH 207 

is the substrate of CI, with further electron flow into the Q-junction, CIII and CIV (Figure 208 

2). In the S-protocol, CI was inhibited by rotenone to prevent reverse electron transfer 209 

and accumulation of oxaloacetate, which is an inhibitor of succinate dehydrogenase 210 

(Makrecka-Kuka et al 2015; Gnaiger 2020), and respiration was measured supported by 211 

succinate as the substrate of CII (Figure 3). 212 
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In both protocols, LEAK respiration was measured (1) L(n), in the absence of 213 

adenylates and (2) L(Omy) or L(Cat), in the presence of phosphorylation system 214 

inhibitors. Respiration in these two LEAK states was similar, but slightly lower in L(Omy) 215 

with the N-protocol (Figure 2a, Table 1). L(n) stabilized quickly, whereas for L(Omy) it 216 

took a long time to fully inhibit respiration by the low concentration of 7.5−10.0 nM 217 

oligomycin. In the S-protocol with sequential addition of rotenone followed by succinate, 218 

L(n) increased for a few minutes until stabilization (Figure 3a). Inhibition by 219 

carboxyatractyloside (0.3−0.4 µM) was immediate, and L(Cat) tended to be slightly lower 220 

than L(n) (Table 1).  221 
 222 

 223 
Figure 2. Simultaneous measurement of respiration and ATP production by high-224 

resolution FluoRespirometry in mitochondria isolated from mouse heart. 225 

Representative traces for coupling control protocol SUIT-006 with NADH-linked 226 

substrates (N-protocol), following additions (respiratory states): isolated mitochondria 227 

imt (ROX), pyruvate & malate (LEAK), ADP (OXPHOS), oligomycin (LEAK), uncoupler U 228 

(ET), and antimycin A (ROX). Experiment 2019-02-07 P5 04: (a) O2 concentration (dark 229 

and lighter blue traces) and O2 flux per mass (dark and lighter red), 1.1 µM MgG versus 230 

control; (b) MgG fluorescence signal; (c) ATP concentration calculated from MgG signal 231 

calibrated as Mg2+ concentration. 232 
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 233 
Figure 3. Simultaneous measurement of respiration and ATP production by high-234 

resolution FluoRespirometry in mitochondria isolated from mouse heart. 235 

Representative traces for coupling control protocol SUIT-006 with succinate as substrate 236 

(S-protocol), following additions (respiratory states): isolated mitochondria imt (ROX), 237 

succinate & rotenone (LEAK), ADP (OXPHOS), carboxyatractyloside (LEAK), uncoupler U 238 

(ET), and antimycin A (ROX). Experiment 2019-03-18 P5-03: (a) O2 concentration (dark 239 

and lighter blue traces) and O2 flux per mass (dark and lighter red), 1.1 µM MgG versus 240 

control; (b) MgG fluorescence signal; (c) ATP concentration calculated from MgG signal 241 

calibrated as Mg2+ concentration. 242 

 243 

OXPHOS capacity P was measured in the presence of a kinetically saturating 244 

concentration of ADP. The optimum uncoupler concentrations to measure maximum ET 245 

capacity E were 6.0−7.0 µM CCCP in the N-protocol, and 0.150−0.175 µM SF 6847 in the 246 

S-protocol. In the N-protocol, P was stable over time and identical to E. However, in the S-247 

protocol, P showed a slight decrease over time. Extrapolating this trend of declining O2 248 

flux to the point where ET capacity was measured explains why E appears to be lower 249 

than P (dashed trendline, Figure 3a). In both protocols, therefore, E = P, indicating that 250 

OXPHOS capacity was not limited by the phosphorylation system. This agrees with results 251 
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for mouse heart mitochondria on coupling control even in the combined NS-pathway 252 

(Lemieux et al 2017).  Parallel measurements were performed in the presence and 253 

absence of 1.1 µM MgG with the N- and S-protocol. This low concentration of MgG used is 254 

sufficiently high for calculating ATP production (Figures 2b and c and Figures 3b and c). 255 
 256 
The MgG assay to measure ATP production can be used concomitantly with high-257 

resolution respirometry, providing information real-time. Other methods are available to 258 

detect ATP production real-time. Spectrophotometric detection of NADPH can be used in 259 

conjunction with the coupled enzyme system hexokinase and glucose-6-phosphate 260 

dehydrogenase (Horgan, 1978). This assay has been adapted for simultaneous detection 261 

of O2 consumption and NADPH (Lark et al 2016). The luciferin/luciferase assay can be 262 

used for continuous measurement of ATP production (Manfredi et al 2002). It is 263 

important to note that luciferase consumes O2, and instruments typically used for 264 

luminometry do not allow monitoring of O2 concentration in parallel. 265 
 266 
Another method for continuous measurement of the P»/O2 ratio is the steady-state 267 

ADP injection-respirometry (Gnaiger et al 2000b; 2001). The phosphorylation rate is set 268 

by continuous injection of ADP as the rate-limiting step while measuring O2 consumption 269 

stimulated to a constant sub-maximal level. Chance and Williams (1955) originally 270 

described a polarographic ADP pulse-titration method to determine the P»/O2 ratio, 271 

titrating a known concentration of ADP, which leads to a peak of O2 consumption 272 

stimulated by the complete phosphorylation of ADP to ATP. The ADP pulse-titration 273 

method has been extended and critically discussed by Gnaiger (2001). 274 
 275 
End-point assays are available to detect ATP levels, providing discontinuous 276 

measurement of ATP production. These include chromatography (high performance 277 

liquid chromatography, HPLC; thin layer chromatography, TLC); nuclear magnetic 278 

resonance detection of 2-deoxyglucose and its phosphorylated form, and radioactivity 279 

measurements using 32P (Menegollo et al 2019; Morciano et al 2017; Fink et al 2017; 280 

Sausen et al 2019). 281 
 282 
The fluorometric MgG assay applied simultaneously with O2 consumption by HRR 283 

has been used extensively (Iftikar, Hickey 2013; Goo et al 2013; Chinopoulos et al 2014; 284 

Pham et al 2014; Power et al 2014; Salin et al 2016; Napa et al 2017; Masson et al 2017; 285 

Salin et al 2018; Devaux et al 2019; Salin et al 2019). Understanding whether MgG may 286 

affect respiration is crucial for such studies, particularly for P»/O2 ratios obtained in 287 

different electron-transfer-pathway states.  288 
 289 
It is well established that different dyes commonly applied to measure 290 

mitochondrial membrane potential inhibit OXPHOS capacity, e.g., safranin, rhodamine 291 

123 and its derivatives TMRM and TMRE (Krumschnabel et al 2014; Scaduto, Grotyohann 292 

1999). Surprisingly, Amplex UltraRed used to detect H2O2 flux impairs respiration despite 293 

not accumulating in the mitochondria (Makrecka-Kuka et al 2015). Therefore, we studied 294 

the effect of MgG on respiration. MgG at 1.1 µM did not affect NADH-linked nor succinate-295 

linked respiration in any coupling control state (LEAK, OXPHOS and ET) measured in 296 

mitochondria isolated from mouse hearts (Figure 4). In addition, residual oxygen 297 

consumption was not affected by MgG. 298 

 299 
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 300 
Figure 4. O2 consumption in the absence and presence of MgG by mitochondria 301 

isolated from mouse heart. The respiratory rates indicated in the abscissa were 302 

measured by HRR with two coupling control protocols SUIT-006, with the following 303 

respiratory states: ROX, LEAK (in the absence of adenylates), OXPHOS, LEAK (in the 304 

presence of inhibitors), ET, and ROX. Sequential titrations are described for (a) N-305 

protocol (experiments 2019-02-05 P3-04, 2019-02-06 P3-03 and 2019-02-07 P5-04) and 306 

(b) S-protocol (experiments 2019-03-13 P6-03, 2019-03-14 P3-03 and 2019-03-18 P5-307 

03). For both graphs the three symbol shapes show independent mitochondrial 308 

preparations, whereas open and closed symbols compare results in controls and in the 309 

presence of MgG from the same preparation; bars represent the average. 310 

 311 
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Table 1. Coupling control efficiency (P-L)/P and P»/O2 ratio in absence or presence 312 

of MgG. Average ± SD, N=3. OXPHOS capacity P and LEAK respiration L corrected for 313 

residual oxygen consumption Rox. L(n)/L(inh) ratios: L in the absence of adenylates (n) 314 

over L with an inhibitor (inh) of the phosphorylation system, oligomycin Omy or 315 

carboxyatractyloside Cat for the N- or S-pathway, respectively. L(inh) is used in (P-L)/P. 316 

 317 

The NADH-pathway has three coupling sites, CI, CIII and CIV, whereas the succinate-318 

pathway has only the latter two, resulting in a lower P»/O2 ratio. When dividing ATP flux, 319 

calculated from the increase in ATP concentration per time, by the simultaneously 320 

measured O2 flux, then P»/O2 flux ratios (JP»/JO2) are obtained. The P»/O2 is twice the 321 

classical P»/O (Table 1). P»/O2 obtained for S-pathway was close to the theoretically 322 

expected value (Gnaiger et al 2020). The result obtained for N-pathway was lower than 323 

expected. A limitation of the present study is the low number of replicates (N = 3), with a 324 

high variability of P»/O2 ratios. Further experiments are in preparation. 325 
 326 
Coupling control efficiencies are closely related to P»/O2 ratios. The coupling 327 

control efficiency is defined as (E-L)/E, ranging from 0, at zero coupling, to 1 in a fully 328 

coupled system. In the present case of P = E, the coupling control efficiency is expressed 329 

as the P-L control efficiency, (P-L)/P (Gnaiger 2020). As expected, a higher P-L control 330 

efficiency of 0.89 ± 0.02 was found for the N-pathway than 0.62 ± 0.05 for the S-pathway 331 

(pooled data with and without MgG, average ± standard deviation, N = 6; Table 1). These 332 

correspond to a RCR = P/L of 9.6 ± 1.8 for the N-pathway and 2.6 ± 0.3 for the S-pathway.  333 
 334 
In summary, MgG did not affect respiration in any of the coupling control states. 335 

These results demonstrate that measurement of O2 consumption is reliable concomitant 336 

with the MgG assay in SUIT protocols with different pathway states and coupling states. 337 
 338 
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potential; EGTA ethylene glycol tetraacetic acid; E ET capacity; ETS electron transfer system; FOF1 358 
ATP synthase; Hepes N-(2-hydroxyethyl)piperazine-N′-(2-ethanesulfonic acid); HRR high-359 
resolution respirometry; imt isolated mitochondria; JO2 O2 flux; Kd dissociation constant; L LEAK 360 

respiration; LED light-emitting diode; MES 2-(N-morpholino)ethanesulfonic acid hydrate; MgG 361 
Magnesium Green; P OXPHOS capacity; P»/O ADP phosphorylated per atom oxygen consumed; 362 
P»/O2 ADP phosphorylated per molecular oxygen consumed; Pi inorganic phosphate; RCR 363 
respiratory acceptor control ratio; Rox residual oxygen consumption; SUIT substrate-uncoupler -364 
inhibitor-titration; TCA tricarboxylic acid; TMRM tetramethylrhodamine methyl ester; TMRE 365 
tetramethylrhodamine ethyl ester; TPP+ tetraphenylphosphonium; Tris 2-amino-2-366 
(hydroxymethyl)-1,3-propanediol; U uncoupler. 367 
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