Working solutions: Physiological cytosolic concentrations of K* and Na* are ~150 mM and
~10 mM, respectively (Bernardi 1999; Murphy and Eisner 2009). K/H exchange, Na/H
exchange and Na/Ca exchange actively influence respiration. The most common solutions used
for respiratory analysis in isolated mitochondria are based on mannitol, sucrose or KCI. Apmt in
respiring mitochondria ranges between -0.2/-0.25 V. It is estimated that the Donnan potential in
resting isolated mitochondria is around -30 mV to -100 mV in Tris-sucrose medium (Mitchell
and Moyle 1969; Pietrobon et al. 1982; Zoratti et al. 1982; Jung et al. 1988). When sucrose is
replaced by increasing concentrations of KCI, this potential tends to 0 mV (Jung et al. 1988;
Nicholls 1974). In the same line, the increase in KCI concentration lowers the contribution of
AW¥mt in favor of ApH+ which shifts from near 0 mV to -60 mV in the KCI solution (Mitchell

and Moyle 1969; Zoratti et al. 1982; Jung et al. 1988).

In addition, Ca?* is directly involved in respiratory control through the activation of TCA cycle
dehydrogenases (Denton 2009). Mitochondrial Ca?* is exchanged by Na* and Na* equilibrates
to uH+ in respiring mitochondria (Murphy and Eisner 2009; Jung et al. 1992). Hence, the
alteration of AuH+ (e.g. by means of the solution selected) can alter oxygen consumption
through imbalance of cation cycling across the inner mitochondrial membrane and influence of

TCA cycle turnover.

Therefore, the election of an appropriate working solution is a key determinant for the analysis

of respiration and its components.

References
(1) Bernardi P. Mitochondrial Transport of Cations: Channels, Exchangers, and
Permeability Transition. Physiol Rev. 1999 Oct; 79(4):1127-55.

(2) Murphy E, Eisner DA. Regulation of intracellular and mitochondrial sodium in health
and disease. Circ Res. 2009 Feb 13;104(3):292-303.

(3) Mitchell P, Moyle J. Estimation of membrane potential and pH difference across the
cristae membrane of rat liver mitochondria. Eur J Biochem. 1969 Feb;7(4):471-84.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19213964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eisner%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=19213964
https://www.ncbi.nlm.nih.gov/pubmed/19213964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20P%5BAuthor%5D&cauthor=true&cauthor_uid=5776240
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moyle%20J%5BAuthor%5D&cauthor=true&cauthor_uid=5776240
https://www.ncbi.nlm.nih.gov/pubmed/5776240

(4) Pietrobon D, Zoratti M, Azzone GF, Stucki JW,Walz D. Non-equilibrium
thermodynamic assessment of redox-driven H+ pumps in mitochondria. Eur J
Biochem. 1982 Oct;127(3):483-94.

(5) Zoratti M, Pietrobon D, Azzone GF. On the relationship between rate of ATP synthesis
and H+ electrochemical gradient in rat-liver mitochondria. Eur J Biochem. 1982 Sep
1;126(3):443-51.

(6) Jung DW, Davis MH, Brierley GP. Estimation of
the pH gradient and donnan potential in de-energized heart mitochondria. Arch
Biochem Biophys. 1988 May 15;263(1):19-28.

(7) Nicholls DG. The influence of respiration and ATP hydrolysis on the proton-
electrochemical gradient across the inner membrane of rat-liver mitochondria as
determined by ion distribution. Eur J Biochem. 1974 Dec 16;50(1):305-15.

(8) Denton RM. Regulation of mitochondrial dehydrogenases by calcium ions. Biochim
Biophys Acta. 2009 Nov;1787(11):1309-16.

(9) Jung DW, Apel LM, Brierley GP. Transmembrane gradients of free Na+ in isolated
heart mitochondria estimated using a fluorescent probe. Am J Physiol. 1992 Apr; 262(4
Pt 1):C1047-55.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Pietrobon%20D%5BAuthor%5D&cauthor=true&cauthor_uid=6293816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zoratti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=6293816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azzone%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=6293816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stucki%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=6293816
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walz%20D%5BAuthor%5D&cauthor=true&cauthor_uid=6293816
https://www.ncbi.nlm.nih.gov/pubmed/?term=PIETROBON%2C+D.%2C+ZORATTI%2C+M.%2C+AZZONE%2C+G.+F.%2C+STUCKI%2C+J.+W.%2C+AND+WALZ%2C+D.+(1982)+Eur.+J.+Biochem
https://www.ncbi.nlm.nih.gov/pubmed/?term=PIETROBON%2C+D.%2C+ZORATTI%2C+M.%2C+AZZONE%2C+G.+F.%2C+STUCKI%2C+J.+W.%2C+AND+WALZ%2C+D.+(1982)+Eur.+J.+Biochem
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zoratti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=6291930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pietrobon%20D%5BAuthor%5D&cauthor=true&cauthor_uid=6291930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azzone%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=6291930
https://www.ncbi.nlm.nih.gov/pubmed/?term=ZORATTI%2C+M.%2C+PIETROBON%2C+D.%2C+AND+AZZONE%2C+G.+F.+(1982)+Eur.+J.+Biochem.+126%2C443-451.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=3369862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=3369862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brierley%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=3369862
https://www.ncbi.nlm.nih.gov/pubmed/?term=estimation+of+the+pH+Gradient+and+Donnan+Potential+in+De-energized+Heart+Mitochondria
https://www.ncbi.nlm.nih.gov/pubmed/?term=estimation+of+the+pH+Gradient+and+Donnan+Potential+in+De-energized+Heart+Mitochondria
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicholls%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=4452361
https://www.ncbi.nlm.nih.gov/pubmed/?term=NICHOLLS%2C+D.+G.+(1974)+Eur.+J.+Biochem.+50%2C+305-315.+5.+ROTTENBERG%2C
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denton%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=19413950
https://www.ncbi.nlm.nih.gov/pubmed/?term=egulation+of+mitochondrial+dehydrogenases+by+calcium+ions+Richard+M.Denton
https://www.ncbi.nlm.nih.gov/pubmed/?term=egulation+of+mitochondrial+dehydrogenases+by+calcium+ions+Richard+M.Denton
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=1566810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Apel%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=1566810
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brierley%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=1566810
https://www.ncbi.nlm.nih.gov/pubmed/?term=transmembrane+gradients+brierley+sodium

