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1. General information

In this document we provide the calculations for mitochondrial membrane
potential measured with different fluorescence dyes complying with
Oroboros transparency policy.

2. Abbreviations

Cint,free free concentration of probe ion inside mitochondria

Cext,free free concentration of probe ion outside mitochondria

K apparent partition coefficient describing internal binding

Ko' apparent partition coefficient describing external binding

Nadd total amount of probe ions added to the system

Nint,free free (in solution) amount of probe ions inside
mitochondria

Nint,bound bound (in the membrane) amount of probe ions inside
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Next,free
Next,bound

Ntotal,bound
Pmt

Pc

Vmt(abs)
Vmt(spec)

Vext

mitochondria

free (in solution) amount of probe ions outside
mitochondria

bound (in the membrane) amount of probe ions outside
mitochondria

total bound (in the membrane) amount of probe ions
total mitochondrial protein content (as a marker for
mitochondrial membrane content)

total cellular protein content (as a marker for cellular
membrane and other material content). Note that the
mitochondrial protein content is accounted for twice: in
Pwt and in Pc. This may be partially justified: while the
outside of the mitochondrial membrane contributes to the
external binding, the inside contributes to internal
binding.

total mitochondrial volume in the system (chamber)
mass specific mitochondrial volume (per mass of
mitochondrial protein)

external volume: total solution volume outside
mitochondria

Xint,bound: Foound,int internal ,binding ratio® (M. Brand), ratio of internally

bound probe molecule to total amount of probe molecules
taken up by the mitochondria, see definition B1; 1-
binding correction factor (M. Brand)

Xext,bound: Fbound,ext €xternal , binding ratio®, ratio of externally bound probe

molecule to total amount of probe molecules outside of
mitochondria, see definition D1.

Only required for calculation according to Rottenberg (1984):

Kmi

Kmo

Qo

partition coefficient between liquid phase inside mitochondria
and membrane phase inside mitochondria, taking into account
only different chemical affinities

partition coefficient between liquid phase outside mitochondria
and membrane phase outside mitochondria, taking into account
only different chemical affinities

ratio describing probe ion distribution between liquid phase
inside mitochondria and membrane phase inside mitochondria
taking into account only different electrical potentials; assumed
to be 1 for high enough salt concentrations

ratio describing probe ion distribution between liquid phase
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Vmemb,in

Vmemb,out

outside mitochondria and membrane phase outside
mitochondria taking into account only different electrical
potentials; assumed to be 1 for high enough salt concentrations
Volume of membranes taking part in binding of probe molecules
from inside mitochondria

Volume of membranes taking part in binding of probe molecules
from outside mitochondria
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3. Calculation of Ay

C.
(A1) 4% = ﬂ-ln[—'"me J
ZF c

ext,free

(AZ) nintfree
Cintfree — th (abs)

Cext,free Cext,free

Cj n;
(A3) int,free — int,free

Cext,free Cext free'Vmt (abs)

(A4) Mint free= Nadd™ Next free ™ Mint,bound ™ Next,bound

A4 in A3

(AS) Cintfree __ "add —Mext free ~Mint,bound ~Mext,bound

Cext,free Cext free Vmt (abs)

Following the Rottenberg (1984) approach, or go directly to AS8:
(A62) NMivpound = Kei & *Vienbin * Cine

(A6b) n K, a,-V c

ext,bound — memb,out * “out

(A7a) Kui "% Viem,in = Ki-Pu no Pin Rottenberg 1984

(A7b) K.y % Vi ot = Ko - P. - NO P in Rottenberg 1984

A7 in A6 OR just directly defining an empirical factor (K’) that describes
binding

(A8a) r]intboundz KI ' Prrt -C

intfree

(A8b) next,bound = Ko ' PC 'Cext,free

A8 in A5
(A9) CintIree — Noga _Vext,free : Cext,free - Ki ' Pmt 'Cintjree - Ko : I:)C : Cext,free
Cext,free Cext,free 'th (abS)
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bring all Cint,free terms to left side

(A10)

Cint,free J1+ Ki Pmt — nadd _Vext 'Cext,free - Ko ' I:)C 'Cext,free
V_abs Cort s * Ve (DS

Cext,free
right side: separate Cext,frere @s common term and cancel Cext,free

M_Vm -K P,

(All) Cintfree (1_'_ Klpnt ]: Cext,free 0

Cext,free th abS th (abS)
A
L B _ A
taking in account that —=—-=
1+ C B+C

v, K P
(A12) Cint,free — Cext,free
ext,free th (ab3)+ KI ) Pmt

Al12 in Al

n dd !
__ada _Ve — K . PC
Rl Cext,free

A13)4¥=—"In :
(A13) zF V., (abs)+K; - P,

(A14) V_, (abs)=V,, (spec)-P,
Al4 in Al13

nadd !
—edd__y K, -P
RT Cext,free " ° ©

(A15)4¥=—"In .
zF V_ (spec)-P, +K; -P,
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4. Relationship between internal “"binding factor (M.
Brand)” to Ki' (H. Rottenberg)

Definition:
. : .- : n;
(B1) Xinpouna = Fbi = F(bound, in) =1-binding correction factor (M. Brand) = B
nintbound+ nintfree
(A8a) I’]intbound: KI ’ Pmt 'Cintfree
(BZ) r]int,free :Vrrt (abS)' Cintjree

A8a und B2 in Bl

KI By Cin
(B3) Xint,bound: ' = e
Ki ’ Pmt “Cintfee +Vnt (abs)- G

i intfree

(B4) Xintbound: ' Ki : Pmt
K;-P,+V_ (abs)

Al4 in B4

K. -P
(BS) Xintbound: ' : mt
K;-P, +V,, (spec)-P,,

K.
B6) Xintpouns= ey e
( ) Xintpound Ki _|_le (spEC)

or

Xintbound 'th (Spec)
1-x;

intbound

(B7) K; =

5. Error by neglecting internal binding; no external
binding considered

C.
(A1) a4y = R ln(—'"”ree J
ZF

Cext,free

from Al and A3
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RT n,
(C6) AT: 'ln intfree
ZF Cext,freevmt (abS)
n.
(Bl) Xintbound = 'mb:_U”d
intbound nintfree
solve B1 for nint,bound
X: -n.
(Cl) nim — intbound intfree
bound
1- Xintbound

for only internal binding correction:
from A4 for n ext,bound = 0

Nint free= Nadd ™ Mext,free ™ Mint,bound (CZ)

ClinC2
_ Xintbound : nintfree (C3)
nintfree = Nagg — next,free _l—
- Xintbound
bring all nint,free to left side
_ nadd - next,free (C4)
r‘int,free -
1+ Xintbound
1- Xintbound

multiply with (1- Xint,bound)
nint,free = (nadd - next,free ) (1_ Xintbound) (CS)

C5in C6

(C7) 4% (corrected) = RT (s~ Moo ) (= X
ZF Cext,freevmt (abS)

for no binding correction at all:

(C8) 4¥(simple) = RT | Mot ~ Mowsee
z F Cext,freevmt (abS)
Influence of correction:

(C9) correction term 44¥ = A¥(corrected) — A ¥ (simple)

C7 and C8 in C9
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{(nadd - next,free ) (1_ Xintbound)]
I

Cot ree Ve (DS
(C10) correction term AAW:ﬂ. n . « (abs)
" Mg ~Moses

Cext,freeth (abs)

(C11) correction term AA'P:%'In(l—ximbound) =constant for a given system

if Vmt(spec) = const, see B6

Because the correction term for internal binding is a constant, differences
between different AW values do not depend on Ki' (describing the internal
binding correction). Therefore, differences between different measured AW
values (AAW) can be considered absolute values within the assumptions
stated above.

Note the different use of AAW: a difference between two measured AW
values in the conclusion and a difference between corrected and
uncorrected AW in the proof.

6. Relationship between external “"binding factor” to

Ko'
Definition:
(D1) Xey pouna = Fbo = F(bound, ext) = nen’b:l::‘ti“r:;ﬁee
(A8b) next,bound = K;) ' Pc 'Cext,free
(D2) Neygiee = Coxsee *Ven
A8b and D2 in D1
D3 Xensons =1 Kg - if:”r vV

o} Cc ext,free ext,free ext
Ko"Pc

D4 x =

ext,bound — '
Ko 'Pc +Vext

e.g., Rottenberg: for Pc= 2 (?) mg, Vext = 1500 pl, Ko' = 11.1 pl/mg —
Xext,bound = 0.015

for whole cells, Pc may be considerable larger, if Pc = 10 mg, otherwise
equal conditions Xext,bound = 0.068

Oroboros Instruments Mitochondria and Cell Research



MiPNet24.11 mtMP calculations 9

for Oroboros: Pc = 3.36, Ko' =11, Vext = 3000: Xext, bound = 0.012

E.) Calulation of K' from zero Psi Experiment

(E1) Ki' = Ko' = K'
(E2) Ay =0
(E3) Cext,free = Cint,free

N,qq :
— —Veu =Ko - e
RT Cext,free

(A15) AP =" .In .
7F V., (spec)-P, +K; -P,

El and E2 in A15

n . ,
(E4) = _v_ —K -P.=V,(spec)-P, +K -P,

Cext,free

M _Vext _th (spec)- Pmt

. C
(ES)K — ext,free

P, +P:
Pmt is still counted twice!
Alternatively, analogous to

(A8a) nintbound: KI ’ Pmt -C

intfree
(ES) ntotalbound = K : I:>C : Cext,free

(E6) r]to’[al,bound: nadd_ next,free_ nint,free
(E7) ntotalbound = Nyyq _Vext : Cext,free _Vnt (abS)‘ c

intfree

E7 in E5
(ES) K ' PC : Cext,free = Nygq _Vext : Cext,free _Vnrt (abs)cintfree

dd _Vext * Coxt free _th (abs)- c
P.-C

intfree

(E9)K =

ext,free
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using E4

Cnadd_ve)(t -V, (abs)
(E].O) K — ext,free

Pe

al
v~V _(spec)-P
(E11) K' = eXt’free

Pe

Pmt now only counted once!
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