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S.1 Materials and methods 

S.1.1. Mitochondrial isolation – Guinea pig heart mitochondria were isolated as described before [1-5]. 
Guinea pigs (250-350 g) were anesthetized by intraperitoneal injection of 30 mg ketamine; 700 units 
heparin was given for anticoagulation. Hearts (n >90) were excised and minced to approximately 1 
mm3 pieces in ice-cold isolation buffer containing in mM: mannitol 200, sucrose 50, KH2PO4 5, 3-(N-
morpholino) propanesulfonic acid (MOPS) 5, EGTA 1, BSA 0.1%, pH 7.15 (adjusted with KOH). The 
minced heart was suspended in 2.65 ml buffer with 5U/ml protease, and homogenized at low speed for 
20 s; next 17 ml isolation buffer was added, and the suspension was again homogenized for 20 s. The 
suspension was centrifuged at 8000 g for 10 min. The supernatant was discarded and the pellet was 
suspended in 25 ml of isolation buffer, and centrifuged at 900 g for 10 min. The supernatant was cen-
trifuged once more at 8000 g to yield the final mitochondrial pellet, which was suspended in 0.5 ml 
isolation buffer and kept on ice. The mitochondrial protein concentration was measured using the 
Bradford method [6], and diluted to 12.5 mg mitochondrial protein/ml with isolation buffer. All chem-
icals were obtained from Sigma-Aldrich (St. Louis, MO) unless noted otherwise. 
 

S.1.2. Fluorescence measurements – Fluorescence spectrophotometry was used to measure matrix 
[Ca2+]m, NADH, pHm, and mitochondrial membrane potential (m) (Qm-8, Photon Technology In-
ternational, Birmingham, NJ) [1,3,4,7]. A subset of isolated mitochondria (5 mg/ml) was incubated for 
20 min at room temperature (25°C) with 5 µM indo-1 acetyl methyl ester (AM) to measure [Ca2+]m or 
5 µM 2’7’-bis-(2-carboxyethyl)-5’(and 6-) carboxyfluroescein AM (BCECF) to measure pHm (Invitro-
gen, Carlsbad, CA), followed by suspension in 25 ml isolation buffer and centrifugation at 8000 g. The 
AM form of the dye is taken up into the mitochondrial matrix where it is de-esterified, so that the dye 
is retained in the matrix. The dye-loaded pellet was resuspended in 0.5 ml isolation buffer, and the pro-
tein concentration was measured again and diluted to 12.5 mg mitochondrial protein/ml. NADH was 
measured using autofluorescence and m was measured using rhodamine 123 (R123). Mitochondria 
were kept on ice for the duration of the studies. All studies were conducted at room temperature. 
 

S.1.3. Measurement of m – m was assessed in mitochondria from 10 hearts in 4-5 replicates per 
heart by adding 50 nM rodamine-123 (R123, Calbiochem, San Diego, CA) to the buffer [7]. At an ex-
citation wavelength (λex) of 503 nm the change in fluorescence was measured at the emission wave-
length (λem) of 527 nm. R-123 uptake is dependent on m [7]. As the dye is taken up, the fluores-
cence signal decreases as the dye autoquenches; thus, a decrease in m is represented by an increase 
in signal. Mitochondria energized with PA were considered fully polarized (0%), whereas the signal 
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after adding CCCP represented complete depolarization (100%). Actual m is not directly proportion 
to R-123 fluorescence and so only estimates m. See text for use of TMRM to assess m. 

 
S.1.4. Measurement of matrix ionized [Ca2+] – [Ca2+]m was measured in Indo-1AM -loaded mitochon-
dria from 14 hearts in 3-4 replicates per heart. Indo-1 is a fluorescent dye that binds to Ca2+ with a Kd 
tested to be approximately 240 nM. The λem shifts from 456 nm to 390 nm on binding to Ca2+ when a 
λex of 350 nm is applied. The ratio between the two λem’s corrects for differences in the amount of dye 
taken up into mitochondria. Since the λex and λem used for Ca2+ are the same as for NADH, the two 
NADH background λem signals were subtracted from the two λem indo-1 signals before calculating the 
ratio (R). The ratios obtained when all indo-1 becomes bound to Ca2+ (Rmax) and when the lowest 
amount of Ca2+ is bound to indo-1 (Rmin) were measured in energized mitochondria using 500 nM cy-
closporine A and 500 μM CaCl2 for Rmax, and A23187 (Ca2+-ionophore) and 2.5 mM EGTA for Rmin 
[3]. [Ca2+]m was calculated using the calibration formula [8]: 
 

[Ca2+]m (nM) = Kd • (R-Rmin)/(Rmax-R) • S456 

 
Kd is the binding constant, and S456 is the ratio of fluorescence intensities during unsaturated and satu-
rated Ca2+ at the 456 nm λem. Their ratio was measured to be 1.35. The Ca2+ signals were normalized to 
the averaged [Ca2+]m over all experiments at time point t = 10 s (see Experimental Protocol), which 
was calculated to be approximately 80 nM. A 0.15 decrease in pH increases the Kd negligibly by about 
9 nM [9]. ADP and ATP do not differentially alter light transmission at the λex and λem spectra for in-
do-1, Fura 4F or an alternative Ca2+ fluorescent probe Rhod-2 (data not shown). To validate mCa2+ 
measurements by indo-1 AM, rhod-2 AM was substituted in some experiments (data not shown). The 
Kd for indo-1 increases with decreases in pH from 7.4 to 5.5, whereas Kd is not altered in the range of 
pH between 7.4 and 8.0 [10,11]. Any increase in Kd would increase proportionally the measured 
[Ca2+]m. Thus in Fig. 6A,B the effective decrease in [Ca2+]m with a decrease in pH from approximately 
7.25 to 7.05 might actually underestimate the fall in [Ca2+]m that occurred over time because a small 
increase in Kd would counter the fall in [Ca2+]m. [Ca2+]e was assessed using non AM probes. 

 
S.1.5. Measurement of mitochondrial redox state – Mitochondria from 8 hearts in 3-4 replicates per 
heart were used to measure NADH autofluorescence. Unlike NAD, NADH molecules have natural 
fluorescence properties that can be monitored [12]. Therefore, an increase in the signal reflects an in-
crease in the ratio of NADH to NAD+, i.e. a shift to a more reduced state. The emission spectrum of 
NADH is broad, and peaks at λem 456 nm and λex 350 nm. To correct for differences in total NADH 
and NAD+ pool sizes, the ratio of λem 456/390 nm was measured. In addition to providing data on the 
mitochondrial redox state, the raw NADH data was used to correct for the background autofluores-
cence measured by the indo-1 fluorescence probe for [Ca2+]m [3,8]. 

 
S.1.6. Measurement of matrix pH – Matrix pH was measured in BCECF-AM-loaded mitochondria 
from 10 hearts in 3-4 replicates per heart at λex 504 nm and λem 530 nm. BCECF is a fluorescent probe 
that becomes less fluorescent in an acidic environment; thus an increase in signal indicates matrix alka-
linization and a decrease in signal indicates matrix acidification. The measured signals were normal-
ized for each group to their average photon count at the steady state seen after adding CaCl2 or vehicle 
to correct for differences in signal strength and dye uptake. The measured signal was converted to pH 
units by measuring the BCECF signal from tritonized (1% triton X-100) mitochondria incubated in 
BCECF in buffers with known pH (7.00, 7.15 and 7.25) [3]. This gave a linear relationship, which en-
abled calculation of pHm from the signal intensity. Because the wavelengths used for BCECF meas-
urements did not overlap with the NADH auto-fluorescence signals, the matrix NADH and pHm meas-
urements were conducted in the same mitochondrial preparation. 

 
S.1.7. Ruthenium 360 to assess uptake and re-uptake of Ca2+

m – Because [Ca2+]m was observed to 
slowly increase after adding CaCl2 (Fig. 5, main text), an inhibitor of mitochondrial Ca2+ uptake via the 
mitochondrial Ca2+ uniporter (MCU), Ru360 (1 µM), was given 60 s after 10 or 25 µM CaCl2 in 4 
hearts to determine any effect on subsequent Ca2+ uptake assessed by indo-1 AM (matrix Ca2+) and 
free indo-1 (external Ca2+)  See S.2.4 and Fig. S.6 below; see also Figs. 1, 2 (main text). 

 
S.1.8. Measurement of extra-mitochondrial ionized [Ca2+]e by Indo-1 or Fura 4F – Buffer Ca2+ con-
taining mitochondria was assessed with free indo-1 from 5 hearts and with Fura 4F from 10 hearts in 4-
5 replicates per heart using fluorescence spectrophotometry to assess matrix Ca2+ flux in the presence 
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or absence of DNP and OMN or changes in matrix pH, respectively. Addition of ADP or ATP did not 
interfere with the excitation or emission spectral characteristics of either fluorescent probe (data not 
shown). Kd’s for Fura-4 were corrected for pH: 0.88 µM (6.9); 0.68 µM (7.15); 0.43 µM (7.6). 
 
S.1.9. Measurement of mitochondrial O2 consumption – Mitochondrial O2 consumption rate (respira-
tion) was measured from 4 hearts with 2-3 replicates per heart using a Clark-type O2 electrode (System 
S 200A; Strathkelvin Instruments, Glasgow, UK) as we have described before [1,3,13]. Functional in-
tegrity of mitochondria was determined by the respiratory control index (RCI), defined here as the ratio 
of state 3 (after added ADP) to state 4 respiration (before adding ADP). Only mitochondrial prepara-
tions with RCIs ≥15, measured with pyruvic acid (PA), were used to conduct further experiments. See 
S.2.2; data after adding DNP are shown in Fig. S.2. 
 
S.1.10. Measurement of ATP concentration – Mitochondrial [ATP] was estimated from ATP consump-
tion in the total mitochondrial buffer using an ATP bioluminescent assay kit (Sigma-Aldrich): 
ATP+luciferin → luciferyl adenylate + PPi; luciferyl adenylate + O2 → oxyluciferin + AMP + light 
(proportional to ATP consumption). To do so, mitochondria from 20 hearts were suspended in experi-
mental buffer and the detailed protocol as described above (Fig. 3, main text) was followed, with the 
exceptions that mitochondria were added at t = -120 s, then PA at t = 0, next DNP (0, 10, 20, 30 or 100 
μM), and then CaCl2 (0, 10, or 25 µM) at the same time points. CCCP was not added in these experi-
ments. At specific time points all proteins were precipitated by adding 100 µl of 70% perchloric acid 
(Sigma-Aldrich) to quench all reactions. The obtained aliquot was centrifuged for 1 min at 50 g, 750 µl 
of the supernatant was collected, and the acidity was reversed by adding 180 µl of 5 M KOH. ATP was 
measured in buffer containing 200 mM MOPS, 2 mM EGTA, 3 mM MgCl2, 0.3 mM D-luciferin, and 
1.25 mg/ml luciferase at pH 7.20 (adjusted with KOH). Samples of 2.4 µl were added to 97.5 µl buffer, 
the solution was mixed, and luminescence was measured using a luminometer (Turner Biosystems). 
Total buffer [ATP] was calculated from the calibration curve generated using 62.5 nM, 125 nM, and 
1250 nM [ATP] standards. Mitochondrial [ATP] was estimated from the final mitochondrial protein 
concentration (8.8 µg/ml) and the ratio of mitochondrial water to protein [14] as follows: 

 
Final calculated mitochondrial [ATP] = 

 

([ATP](10-9 M)(10-3 L/ml) 
(8.8 µg/ml)(66.4/25.0 nl/µg)(10-9 L/nl) 

 
where mitochondrial protein mass = 0.25 of the total mitochondrial mass; mitochondrial water mass = 
0.664 of the total mitochondrial mass; 66.4 g mitochondria H2O/g sample = 66.4 nl mitochondria 
H2O/µg because 1 µg H2O = 1 nl H2O; for example: if buffer [ATP] is 50 nM, then calculated mito-
chondrial [ATP] = 2.15 mM based on the estimated overall dilution factor of 4.3•104. Results shown in 
Fig. 9 (main text). (See below for assessment of ATP/ADP ratios by HPLC and luminometry.) 
 
S.1.11. Measurement of [ADP] and [ATP] using HPLC  – Mitochondrial [ATP] and [ADP] in the ex-
perimental buffer were determined in 5 hearts using the method of Liu et al. [15]. Briefly, mitochon-
dria were treated as described previously (in the measurement of ATP synthesis/hydrolysis section) 
and the aliquot after perchloric acid precipitation was used to measure [ATP] and [ADP]. 200 l of the 
supernatant was dried under a steady N2 stream and resuspended in 20 l mobile phase A consisting of 
60 mM K2HPO4 and 40 mL KH2PO4. The mixture was then injected into the HPLC column and elu-
tion monitored at 254 nm. Standard mixtures of 0.125, 0.25, 0.5 and 1.0 mM ADP or ATP were used 
for calibration and to calculate [ADP] and [ATP] using area under the curve for extrapolation. Data are 
expressed as a ratio ([ADP]/[ATP]). See S.2.9 for results using this method. 

 
S.1.12. Measurement of ADP/ATP ratio using luminometry – An ADP/ATP ratio assay bioluminescent 
kit (ab65313; Abcam®) was used to calculate ADP/ATP ratios to complement measures of [ADP] and 
[ATP] obtained using HPLC. Mitochondria from 4 hearts were prepared exactly as in the HPLC meth-
od, except that instead of perchloric acid to quench all enzyme activity, 100 M oligomycin (OMN) 
was used to block FoF1ATPsynthase/hydrolysis. Briefly, nucleotide releasing buffer and ATP monitor-
ing enzyme first were added to a 96 well microtitre plate and then 50 l of the mitochondrial suspen-
sion. After 1 min ATP levels were recorded using a luminometer (Data A). To record ADP levels, the 
ATP levels were recorded again after 10 min (Data B), and again 1 min after adding ADP converting 
enzyme (Data C). The ATP/ADP ratio was calculated as (Data B-Data C)/Data A. See S.2.9 for results 
using this method. 
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S.2. Supplemental results and comments 

 
S.2.1. Effect of cyclosporine A (CsA) on CHEm – CsA (500 nM) appeared to cease CHE directly, or in-
directly through inhibition of cyclophilin D by CsA. In the presence of CsA at an external pHe of 6.9, 
adding 40 µM CaCl2 did not result in a slow fall in matrix pHm or a slow increase in extra-matrix 
[Ca2+]

e (also at pHe 7.15) this was accompanied by the lack of a slow fall in m (Fig. S.1A-C).  
 

S.2.2. Mitochondrial respiration is accelerated by 
DNP – Without added CaCl2 or OMN, DNP in-
creased the state 2 respiratory rate (Fig. S.2) from 18 
(0 DNP=DMSO) to 28 (10 µM DNP), 33 (20 µM 
DNP), 72 (30 µM DNP), and 80 nmol•mg-1•min-1 
(100 µM DNP). State 3 respiration was little affected 
by DNP alone while state 4 respiration was acceler-
ated with increasing DNP to approximately the levels 
observed in state 2. Respiratory Control Indices (RCI 
= state 3/state 4 were: 18 (DMSO), 10 (10 DNP), 7 
(20 µM DNP), 4 (30 µM DNP), and 3 (100 µM 
DNP), indicating significant uncoupling of oxidative 
phosphorylation by DNP. In the presence of 20 µM 
DNP and 10 µM CaCl2, uncoupling was greater (RCI 
= 1.8) compared to no added CaCl2 (RCI = 7); this 
was presumably due to the larger decline in m 
with added CaCl2, which enhances respiration in an 
attempt to restore m. 

 

 
 
 
 

Fig. S.2. O2 concentration in buffer containing mitochondria 
from 4 hearts energized with pyruvic acid (PA) and treated 
with either of four concentrations of DNP followed by ADP 
(beginning of state 3; exhaustion of ADP = beginning of state 
4). Note that DNP accelerated the fall in O2 consumption dur-
ing states 2 and 4 and slowed it slightly during state 3. Note 
also that state 2 respiration increased even more when 10 µM 
CaCl2 was given with 20 µM DNP, which nearly collapsed 
m (Fig. 4, main text).    
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S.2.3. m (Fig. S.3), [Ca2+]m (Fig. S.4), and pHm (Fig. S.5) as functions of DNP before (215 s), early 
(275 s) and late (700 s) after adding CaCl2. Data are displayed below: 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. S.2. m as a function of [DNP] early (215 s), mid (275 s), and late (700 s) after 
adding either 10 or 25 µM CaCl2 with or without oligomycin (OMN). Bar graph data 
summarizes timeline data furnished and described in Fig. 4. Data from 10 hearts. See 
Fig. 4 (main text) for changes in m over time and for statistical notation. 
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Fig. S.3. m as a function of [DNP] early (215 s), mid (275 s), and late (700 s) after add-
ing either 10 or 25 µM CaCl2 with or without oligomycin (OMN). Bar graph data summa-
rizes timeline data furnished and described in Fig. 4. Data from 10 hearts. See Fig. 4 (main 
text) for changes in m over time and for statistical notation. 
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S.2.4. Slow uptake of Ca2+from external buffer 
is altered by blocking complex V and MCU – 
Adding 25 µM CaCl2, and less so 10 µM 
CaCl2, rapidly increased buffer [Ca2+]e (Fig. 
S.6), which then slowly decreased as Ca2+ was 
taken up by mitochondria. Adding DNP slight-
ly retarded the fall in [Ca2+]e over time in the 
absence of OMN (A) but largely reduced the 
fall in [Ca2+]e in the presence of OMN indicat-
ing less Ca2+ uptake (B). This indicated DNP 
slightly reduced net mCa2+ uptake with OMN 
and largely enhanced net mCa2+ uptake without 
OMN. This suggests the slow secondary fall in 
observed [Ca2+]m with OMN was due to slow 
efflux of Ca2+ via CHEm in exchange for mH+ 
influx at a slightly (10-20%) depolarized m 
(Fig. 4, main text) to counter mCa2+ influx via 
MCU (Fig. 6, main text). In the presence of 100 
nM Ru360 given after adding CaCl2, the de-
clines in [Ca2+]e ±OMN were arrested and fol-
lowed by a slow increase in [Ca2+]e over time. 
This indicates that Ru360 blocks MCU-
mediated mCa2+ re-entry (Figs. 1,2 main text) 
and exposes slow mCa2+ efflux via CHEm, par-
ticularly if complex V is blocked (+OMN).  
  
 
  Refer to Figs. 5,6 (main text) for changes in 
[Ca2+]m over time. Buffer contained approxi-

Fig. S.6. Changes in buffer (external, e) [Ca2+]e, assessed 
by indo-1 fluorescence in the presence of added DNP and 
CaCl2 ± addition of 10 µM oligomycin (OMN) and/or 
100 nM ruthenium 360 (Ru360). Representative data 
from 4 hearts. 
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 7 
mately 36-40 µM EGTA carried over from the isolation buffer. 
 
S.2.5. Adding cyclosporine A (CsA) stops CHEm – CsA (500 nM) did not block a partial fall in m 
due to 30 µM DNP (Fig. S.7); in the absence of added CaCl2, the fall in m was maintained for up to 
25 min (Fig. S.7A). CsA delayed, but did not abolish, the m depolarization caused by DNP plus 
CaCl2 (Fig. S.7B) 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
S.2.6. Matrix [Ca2+]m is lower when matrix [H+]m is higher (lower pHm) after blocking complex V – 
The snapshot of pHm as a function of [Ca2+]m at the time point of 700 s (Fig. S.8) shows the relation-
ship between matrix Ca2+ and matrix pH at increasing concentrations of DNP in the presence, but not 
the absence, of OMN. In the absence of OMN, proton pumping by complex V counteracts the influx of 
protons due to the protonophore DNP.  

Fig. S.7. Lack of effect of CsA on steady-state 
DNP-induced partial m depolarization over time 
(A) and effect of CsA to delay m depolarization 
after adding CaCl2 (B) in presence of DNP. Extra-
matrix pHe was 7.15 in absence of OMN. Repre-
sentative tracings from 4 experiments.  

7.10 

7.20 

7.30 

7.40 

7.50 

7.60 

0 100 200 300 400 500 

-  OMN, 0-30 µM DNP, 10 µM CaCl2 

+ OMN, 0-30 µM DNP, 10 µM CaCl2 

Values at 700 s 

7.10 

7.20 

7.30 

7.40 

7.50 

7.60 

0 100 200 300 400 500 

-  OMN, 0-30 µM DNP, 25 µM CaCl2 

+ OMN, 0-30 µM DNP, 25 µM CaCl2 

Values at 700 s 

B. 

p
H

m
 

[Ca2+]m 

p
H

m
 

[Ca2+]m 

A. 

Fig. S.8. Plots of pHm as a function of 
[Ca2+]m at 700 s in the presence of 0, 10, 20, 
and 30 µM DNP with either 10 (A) or 25 µM 
(B) CaCl2 + OMN or DMSO (no OMN). 
Note the interdependence of pHm and [Ca2+]m 
only in the presence of OMN. 
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S.2.7. Contrasting time-dependent values for m, [Ca2+]m, & pHm dependent on block of complex V 
 
Blocking H+ pumping from complex V with OMN elicited pronounced effects on m, [Ca2+]m, and 
pHm (Fig. S.9) compared to when H+ pumping was allowed at complex V (dark vs. light brown bars). 
[Ca2+]m was markedly lower when m was largely depolarized and when OMN was present. This is 
in marked contrast to the situation in which complex V was not blocked from pumping H+, as shown 
by the maintenance of pHm (except at 100 µM DNP) and much higher [Ca2+]m despite a falling m in 
both 10 (A,B,C) and 25 µM (D,E,F) CaCl2 groups. 
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Fig. S.9. Comparison of changes in m (% of maximal depolarization, A,D) [Ca2+]m 
(B,E) and pHm (C,F) at t = 700 s in the presence or absence of OMN to block complex 
V. Data are rearranged from the 700 s (brown bars) of Figs. S.3-5. For P<0.05: ¶ plus 
OMN vs. no OMN (DMSO).  
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S.2.8. Ca2+-H+ exchange: calculated Ca2+ flux rates – For the equilibration reaction: Ca2+

m + 2H+
e 

Ca2+
e + 2H+

m, we used the JCHE rate expression of Tewari et al. [16]: 

( )( )

2 2

CHE CHE

+ 2 + 2

e m m e

+ 2 + 2 + 2 2 + 2 2

Ca,CHE e m e m m e

[H ] [Ca ] [H ] [Ca ]

[H ] [H ] [H ] [Ca ] [H ] [Ca ]
J X

K

+ +

+ +

−
=

 
 
 + + +
 

 

The exchange of Ca+ for H+ via the CHE was assumed to be electroneutral (nCHE = 2), and hence the 
flux was considered independent of m. Note that the direction of Ca2+ flux is estimated by the 
placement of the two terms in the numerator of the flux equation. Conditions were after additions of 20 
µM DNP and 25 µM CaCl2 ±OMN. Matrix (m) [Ca2+]m and pHm values were taken from the means 
obtained in the control (no OMN) and the OMN groups of Fig. S.4 and S.5 (pH converted to [H+]) at 
the 275, 500 and 700 s time periods. Extra matrix (e) [H+]e was 89 nM (pHe 7.15) and [Ca2+]e values 
were estimated from Fig. S.6A,B. The value of the Ca2+ binding constant (KCa,CHE) parameter was 
4,800•10-9 M; the value for CHE activity (XCHE) 
was 4.7 nmol•mg-1•min-1 [16]. Based on ion gradi-
ents alone (i.e. no facilitated ion transport), Fig. 
S.10 estimates there would be an efflux of Ca2+ 
mediated solely by CHE over time in the presence 
of OMN (DMSO) vs. influx of Ca2+ in the absence 
of OMN. 

 

S.2.9. Graded depolarization of m reduces the ATP/ADP ratio – We determined the ratio of 
ATP/ADP using either of two methods, HPLC or luminometry, respectively in energized, state 4 con-
ditions. Mitochondria (in the absence of oligomycin) were treated with 0 or 20 mM DNP and 0, 10 or 
25 µM CaCl2, which stepwise reduced m (Fig. 4A,B, main text). We observed (data not displayed) 
that the ratio of ATP/ADP in the mitochondrial homogenate decreased proportionally from 2.9±0.4 or 
7.4±1.1 (O DNP, 0 µM CaCl2) to 1.8±0.2 or 3.9±2.1 (20 DNP, 0 CaCl2), 1.1±0.2 or 2.9±1.9 (20 DNP, 
10 µM CaCl2), and 0.9±0.1 or 2.0±0.5 (20 DNP, 25 µM CaCl2), using HPLC or luminometry, respec-
tively. Thus these decreases in ATP relative to ADP accompanied the declines in m (Fig. 2A,B, 
main text). 

 
S.2.10. Sources of ATP for hydrolysis – In the absence of exogenous nucleotides, the source of ATP for 
hydrolysis that occurred for up to 400 s in the absence of OMN is worth noting. The rapid O2 con-
sumption rate of 80 nmol•mg-1•min-1, measured after adding 100 µM DNP during state 2 respiration, 
(Fig. S.2) calculated to an oxidation rate of 27 nmol•mg-1•min-1 for pyruvate; on a mole-to-mole basis, 
that would also be the rate of ATP produced (via GTP) by substrate level phosphorylation during con-
version of succinyl-CoA to succinate in the TCA cycle. The more rapid O2 consumption rate of 260 
nmol•mg-1•min-1 that was observed in the presence of CaCl2 with DNP would produce ATP at a rate of 
87 nmol•mg-1•min-1. We estimate that maximal ATP hydrolysis was about 3.3 mmol/L over 400 s (6.6 
min), or about 500 nmol•mg-1•min-1. From these data we conclude that adequate matrix ATP stores, 
coupled with substrate level phosphorylation before (DNP alone) and during m <EREV-ATPase (with 
added CaCl2), were likely sufficient to supply adequate ATP for hydrolysis at complex V over at least 
a 500 s period 

 

 

Fig. S.10. Calculated flux rate and direction of 
CHEm-mediated Ca2+ entry into and out of the ma-
trix based solely on the values obtained from Figs. 
S.3, S.5 in the presence or absence of OMN to block 
or permit H+ pumping by complex V. Actual net 
Ca2+ flux is determined also by m-dependent Ca2+ 
uptake by the MCU, and net H+ flux by H+ pump-
ing. Plot depicts mCa2+ influx and efflux in the ab-
sence (DMSO) and presence of OMN, respectively. 
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Table. Mitochondrial variables at DNP IC50 700 s after initiating experiments with pyruvic acid. 

     – OMN          + OMN 

CaCl2     10     25     10     25 

(µM) 

m     31     30     10     25 

(% maximal depolarization) 

 (nM) 

d[Ca2+]/dt      5     62     19     25 

(nM/s) 

pHm  7.51   7.48   7.37   7.28 

(units) 

Values obtained by linear regression analysis at 15 µM DNP (range 0-30 µM DNP). All regression 

slopes were significantly greater (P<0.05) than zero. 
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