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Abstract The mitochondria-targeted antioxidant SkQR1
composed of a plastoquinone part covalently bound to a
cationic rhodamine 19 moiety via a decane linker was pre-
viously shown to effectively protect brain and kidney from
ischemia injury accompanying generation of reactive oxy-
gen species. In the present paper the energy-dependent
SkQR1 uptake by isolated rat liver mitochondria was stud-
ied by fluorescence correlation spectroscopy peak intensity
analysis (FCS PIA). This approach can be used to measure
the number of fluorescent molecules per single mitochon-
drion. A large portion of SkQR1 appeared to be taken up by
mitochondria in an energy-independent fashion because of
its high affinity to membranes. Liposomes were found to
compete effectively with mitochondria for the energy-
independent SkQR1 binding, thereby facilitating, as an
“SkQR1-buffer”, observation of energy-dependent SkQR1
accumulation in mitochondria. The rate of energy-
dependent SkQR1 uptake by mitochondria observed in the
presence of liposomes was rather low (minutes) which was

apparently due to slow redistribution of SkQR1 between
liposomal and mitochondrial membranes. This can explain
the low rate of staining of mitochondria by SkQR1 in living
cells containing, besides mitochondria, other membrane
components (endoplasmic reticulum, Golgi membranes,
endosomes, lysosomes, etc.) which can compete with mito-
chondria for the energy-independent SkQR1 binding.
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Abbreviations
Δψ Transmembrane electrical potential difference
BLM Bilayer lipid membrane
C8R1 Rhodamine 19 octyl ester
DPhPC Diphytanoyl phosphatidylcholine
FCS Fluorescence correlation spectroscopy
G(τ) Autocorrelation function
MES 2-(N-morpholino)ethanesulfonic acid
Pow Octanol–water partition coefficient
PIA Peak intensity analysis
ROS Reactive oxygen species
SkQR1 Compound containing plastoquinone linked to

decylrhodamine 19
TMRE Tetramethylrhodamine ethyl ester

Introduction

Mitochondria-targeted antioxidants (MTA) are a relative-
ly new class of pharmacological compounds that are
able to permeate through cellular membranes and spe-
cifically accumulate in mitochondria (Murphy and Smith
2007; Skulachev 2007; Skulachev et al. 2009; Skulachev et
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al. 2011; Hoye et al. 2008). The functioning of the respiratory
chain proton pumps that transport protons out from the mito-
chondrial matrix to the intermembrane space of these organ-
elles generates a negative-inside electrical potential difference
(Δψ) across the inner mitochondrial membrane. In fact, the
mitochondrial interior is the only negatively-charged intracel-
lular compartment. For this reason, all MTA contain a cationic
group with a charge delocalized over aromatic residues, which
aids permeation through the membranes and ensures many-
fold accumulation in mitochondria compared to the cyto-
plasm. Also, most MTA are membranophilic compounds with
a high octanol–water partition coefficient. Asin-Cayuela et al.
(Asin-Cayuela et al. 2004) studied the accumulation of a series
of conjugates of alkyltriphenylphosphonium with ubiquinone
having hydrocarbon linker chains of different lengths (MitoQ
series) into isolated mitochondria. It was shown that hydro-
philic MTA are poorly accumulated by de-energized mito-
chondria, while MitoQs with a long linker chain exhibit
significant mitochondria binding that is practically not en-
hanced upon energization. As to the popular MTA MitoQ10,
it has intermediate properties in this series, showing some
Δψ-dependent uptake along with nonspecific adsorption
(Asin-Cayuela et al. 2004).

It has been recently found in our laboratory that rhoda-
mine 19 can successfully substitute for cationic triphenyl-
phosphonium in the conjugates delivering MTA into
mitochondria (Skulachev et al. 2011; Antonenko et al.
2008), making it possible to visualize the distribution of this
MTA within a cell similar to other fluorescent markers of
mitochondrial membrane potential (Ehrenberg et al. 1988;
Amchenkova et al. 1988; Chen 1988). Figure 1 shows a
structure of a conjugate of plastoquinone and rhodamine 19
(SkQR1) as well as rhodamine 19 octyl ester, C8R1 and
TMRE, also used in the present work. According to recent
data, SkQR1 can effectively protect brain and kidney from
ischemic injury accompanied with the generation of ROS
(Skulachev et al. 2011; Bakeeva et al. 2008; Plotnikov et al.
2010). Along with the antioxidant action observed at its
nanomolar concentraions, SkQR1 was shown to have
proton-transport activity inducing mild uncoupling of iso-
lated mitochondria, when micromolar concentrations are
used (Antonenko et al. 2011). Due to Δψ –dependence of
ROS generation by mitochondria, a limited decrease in Δψ
can be considered as an additional antioxidant action which
have protective therapeutic significance (Skulachev 1998;
Harper et al. 2001; Cunha et al. 2011; Nedergaard and
Cannon 2003; Lanni et al. 2003). In the present paper we
examined Δψ-dependent SkQR1 uptake by isolated rat
liver mitochondria using fluorescence correlation spectros-
copy peak intensity analysis (FCS PIA) adapted for studying
mitochondria (Perevoshchikova et al. 2008). This approach
makes it possible to measure the number of fluorescent
molecules per single mitochondrion. It was shown that

liposomes compete with mitochondria for energy-
independent SkQR1 binding, facilitating observation of the
energy-dependent SkQR1 uptake by mitochondria. Such an
effect explains slow kinetics of the SkQR1 staining of mito-
chondria in the living cells.

Materials and methods

SkQR1 and C8R1 (Fig. 1) were synthesized at our institute
by Drs. Natalia V. Sumbatyan and Galina A. Korshunova as
described in (Antonenko et al. 2008; Rokitskaya et al.
2010).

Isolation of rat liver mitochondria Rat liver mitochondria
were isolated by differential centrifugation (Johnson and
Lardy 1967) in medium containing 250 mM sucrose,
10 mM MOPS, 1 mM EGTA, and bovine serum albumin
(0.1 mg/ml), pH 7.4. The final washing was preformed in
the same medium. Protein concentration was determined
using bicinchoninic acid (Smith et al. 1985). Handling of
animals and experimental procedures were conducted in
accordance with the international guidelines for animal care
and use and were approved by the Ethics Committee of A.
N. Belozersky Institute of Physico-Chemical Biology at
Moscow State University.

FCS experimental setup SkQR1 uptake by isolated mito-
chondria, which can be divided into an energy-dependent
and energy-independent part (Rottenberg 1984; Demura et
al. 1985; Scaduto and Grotyohann 1999), was measured by
FCS. PIA analyses fluorescence time traces of suspensions
of dye-doped mitochondria representing sequences of peaks
of different intensity reflecting their random walk through
the confocal volume (Perevoshchikova et al. 2008). The
experimental data were obtained under stirring conditions
which increased the number of events by about three orders
of magnitude thus substantially enhancing the resolution of
the method. The setup of our own construction was de-
scribed previously in (Perevoshchikova et al. 2008). Briefly,
fluorescence excitation and detection were provided by a
Nd:YAG solid state laser with a 532-nm beam attached to an
Olympus IMT-2 epifluorescence inverted microscope
equipped with a 40×, NA 1.2 water immersion objective
(Carl Zeiss, Jena, Germany). The fluorescence passed
through an appropriate dichroic beam splitter and a long-
pass filter and was imaged onto a 50-μm core fiber
coupled to an avalanche photodiode (SPCM-AQR-13-FC,
Perkin Elmer Optoelectronics, Vaudreuil, Quebec, Canada).
The output signal F(t) was sent to a personal computer using
a fast interface card (Flex02-01D/C, Correlator.com,
Bridgewater, NJ). The signal was measured in Hz meaning
number of photons per a second. The data acquisition time T
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was 30 s. The card generated the autocorrelation function of
the signal G(τ) defined as

G tð Þ ¼ 1

T

Z T

0
FðtÞF t þ tð Þdt ¼< F t þ tð ÞFðtÞ >

Treatment of the fluorescence signal (PIA procedure) Fluo-
rescence traces with sampling time of 25 μs were analyzed
using the WinEDR Strathclyde Electrophysiology Software
designed by J. Dempster (University of Strathclyde, UK).
The software, originally designed for single-channel analy-
sis of electrophysiological data, enables counting of the
number of peaks (n(F>F0)) of the FCS signal with ampli-
tudes higher than the value F0. A program of our own
design with a similar algorithm (coined Saligat; provided
on request) was also used.

Electrical current across planar lipid bilayers Planar bilay-
er lipid membrane (BLM) was formed from a 2 % solution

of total lipids of Escherichia coli (Avanti Polar Lipids,
Alabaster, AL) in n-decane on a hole (diameter 0.8 mm) in
a Teflon partition separating two compartments of a cham-
ber containing aqueous buffer solutions (Mueller et al.
1963). The electric current (I) was recorded under voltage-
clamp conditions. Voltage was applied to the BLM with two
Ag–AgCl electrodes placed on the two sides of the BLM.
The current measured by a patch-clamp amplifier (OES-2,
OPUS, Moscow) was digitized using an NI-DAQmx device
(National Instruments, Austin, TX) and analyzed with a
personal computer using WinWCP Strathclyde Electrophys-
iology Software also designed by J. Dempster.

Preparation of liposomes Liposomes were prepared from
diphytanoyl phosphatidylcholine (DPhPC, Avanti Polar
Lipids) in solution containing 10 mM Tris, 10 mM MES,
100 mM KCl, pH 7.4, or from phosphatidylserine (bovine
brain, Sigma) by extrusion through a 100-nm filter (Avanti
Mini-Extruder). To measure the redistribution of SkQR1,

Fig. 1 Chemical structures of
rhodamine 19 derivatives
(SkQR1, C8R1) and
tetramethylrhodamine ethyl
ester (TMRE) used in
the present work
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the liposomes were diluted in the same buffer. The
fluorescence at 560 nm (excitation at 530 nm) was
monitored with a Panorama Fluorat 02 spectrofluorime-
ter (Lumex, Russia).

The octanol–water partition coefficient of SkQR1 was
estimated using a method based on correlation of this pa-
rameter with retention time in a reverse-phase high perfor-
mance liquid chromatography (HPLC) column (Lombardo
et al. 2001). It was previously shown for related compounds
(SkQ1 and MitoQ) that this method estimates the coefficient
with satisfactory accuracy (Martyushin et al. 2008). The
mobile phase consisted of 0.1 % trifluoroacetic acid in water
and a gradient of acetonitrile from 5 to 95 % (11 min; a flow
rate of 1.5 ml/min). The partition coefficient logPow was
calculated from the equation:

logPow ¼ 10:44� log tR � t0ð Þ � 25:48

where t0 is the dead time, while tR has the usual meaning of
retention time for an analyte. All the chromatographic runs
were performed on an Agilent 1100 chromatograph (Agilent,
USA) at 25 °C. The HPLC columns used were Luna C18(2),
5 μm, 4.6×150 mm.

Results and discussion

Figure 2 shows recordings of SkQR1 (panel A) and tetrame-
thylrhodamine ethyl ester (TMRE) (panel B) fluorescence
measured in a suspension of rat liver mitochondria before
(curve 1) and after (curve 2) addition of succinate. The records
with SkQR1 did not depend on energization of the mitochon-
dria, while in the case of TMRE the amplitude of signal peaks
was substantially lower without succinate than in its presence,
which is in line with our previous results (Perevoshchikova et
al. 2008). Panels C and D of Fig. 2 show corresponding
autocorrelation functions (G(τ)) of the above records. Al-
though the dependence of G(τ) on τ was determined under
stirring conditions, amplitudes of G(τ) were related to the
mean number of fluorescent particles weighted by their bright-
ness (Strakhovskaya et al. 2009). The amplitudes of G(τ) also
depended on mitochondrial energization in the case of TMRE
and were independent of energization in the case of SkQR1
(panels C and D, Fig. 2). The amplitude of G(τ) is determined
by all fluorescent particles including TMRE and SkQR1 mol-
ecules in the medium, which complicates the analysis of their
uptake by mitochondria. Therefore, we used peak intensity
analysis (PIA). We suggested PIA previously to deal with
high-amplitude peaks of fluorescence, i.e. with signals origi-
nating from stainedmitochondria only (Perevoshchikova et al.
2008).

According to results of the PIA statistical treatment dis-
played in Fig. 3a, amplitudes of peaks corresponding to

fluorescence of SkQR1 taken up by mitochondria did not
reveal a measurable dependence on energization. The data
before the addition of succinate (closed circles) and after the
addition of succinate (open circles) were nearly identical
(Fig. 3a). This conclusion was also confirmed by the time
course of the number of peaks with an amplitude exceeding
2 MHz (n(F>2 MHz), Fig. 3b). As shown in (Perevoshchi-
kova et al. 2008), fitting of n(F>F0) by Eq. 1 can give a
mean value of brightness of one stained mitochondrion
(Isingle):

n F > F0ð Þ ¼ P0 �
ffiffiffiffiffiffiffiffiffiffiffi
Isin gle
F0

r
� 1

� �
for F < Isingle;

and n F > F0ð Þ ¼ 0 for F > Isingle

ð1Þ

Curves in Fig. 3a showed best fits with the following
parameters: Isingle03.7 MHz (before addition of succinate);
4.2 MHz (after addition of succinate); 3.7 MHz (after addi-
tion of FCCP). The differences between these values of
Isingle were statistically not significant as the standard deviation
of the measurements was about 10 %. Measurements of G(τ)

Fig. 2 a,b. FCS measurements of SkQR1- and TMRE-uptake by
mitochondria. Time-resolved count rates of SkQR1 (20 nM, panel A)
and TMRE (20 nM, panel B) from a suspension of rat liver mitochon-
dria in incubation buffer (0.1 mg protein/ml) in the absence (curve 1)
and in the presence (curve 2) of 5 mM succinate, respectively. Incu-
bation mixture: 250 mM sucrose, 20 mM MOPS, 1 mM EGTA, 5 μM
rotenone, 1 mg/ml BSA, pH 7.4. c,d. Corresponding autocorrelation
functions G(τ)
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of rhodamine 6 G in solution suggested that one rhodamine
molecule had brightness of 1.5 kHz under our experimental
conditions. Therefore, the mean number of molecules of
SkQR1 in a single mitochondrion was about 2,800 in the
presence of succinate and about 2,470 in the presence of FCCP.
Apparently, strong SkQR1 uptake by de-energized mitochon-
dria can be accounted for by its high membranophilicity (see
below, Table 1).

The SkQR1 uptake by mitochondria can be directly esti-
mated bymeasuring fluorescence of butanol extracts of centri-
fuged mitochondria. About 50 % of added SkQR1 was
detected in butanol at a mitochondrial protein concentration
of 0.1 mg/ml. An increase in the protein concentration did not

lead to an increase in the butanol-extracted portion of SkQR1,
suggesting that the rest of SkQR1was bound to a light fraction
of membranes which cannot be sedimented under our con-
ditions. Similar experiments with TMRE showed that the
presence of TMRE in butanol extracts was insignificant at
these low protein concentrations.

The addition of liposomes at the end of the experiment
presented in Fig. 3b led to a substantial decrease in the
parameter n(F>2 MHz), i.e. to a decrease in the number of
bright fluorescent organelles, which could be attributed to
redistribution of SkQR1 from mitochondria to liposomes
under the conditions of molar excess of liposome particles
(about 100 nM) over SkQR1 (20 nM). In fact, the mean
value of Isingle decreased to 2.6 MHz at the end of the record.

As seen from Fig. 4, the presence of liposomes drastically
changed the FCS-detected response of SkQR1 fluorescence
to mitochondrial energization. Figure 4a (open circles)
shows that the number of high fluorescence peaks n(F>
2 MHz) increased slowly after the addition of succinate
and decreased after the addition of the uncoupler FCCP on
the timescale of tens of minutes. In a control experiment in
the presence of FCCP (closed triangles) the parameter n(F>
2 MHz) did not change upon the addition of succinate.
Figure 4b displays the dependence of n(F>F0) on F0 for
three states of mitochondria. Best fits to Eq. 1 suggested the
following values of mean brightness of a single mitochondri-
on: Isingle02.6 MHz before succinate; 4.4 MHz after succi-
nate; 3.4 MHz after FCCP. The amplitude of the
autocorrelation function increased upon mitochondrial ener-
gization in the presence of liposomes (insert to Fig. 4b)
confirming that energization-induced redistribution of
SkQR1 from liposomes to mitochondria.

Importantly, with C8R1, the quinone-less analog of
SkQR1, the slow processes of succinate-induced accumula-
tion and uncoupler-induced release from mitochondria were
observed not only in the presence (Fig. 5b), but also in the
absence of liposomes (Fig. 5a), the initial level of fluores-
cence of single mitochondrion being much lower when lip-
osomes were present. As to the much less lipophilic cation
TMRE, it exhibited fast responses to mitochondrial energi-
zation, which were independent of the presence of liposomes
(Fig. 5). These results can be explained by lower Pow coeffi-
cient for TMRE than for C8R1 (Table 1). The difference

Fig. 3 a Dependence of the number of peaks n(F>F0) on F0 for
SkQR1 before the addition of succinate to mitochondria (curve 1,
closed circles), in the presence of succinate (open circles), and after
the addition of FCCP (closed triangles). Curves are best fits to Eq. 1
with mean fluorescence intensity per single mitochondron (parameter
Isingle). Panel b. Kinetics of SkQR1 uptake by mitochondria, estimated
as the number of peaks of fluorescence exceeding amplitude of 2 MHz
(n(F>2 MHz)), effect of liposomes. Additions, SkQR1 concentration,
20 nM; succinate, 5 mM; FCCP, 1 μM; liposomes, 0.4 mg phosphati-
dylcholine/ml

Table 1 Estimation of octanol–water partition coefficient (Pow) for
several derivatives of rhodamine 19 by RP-HPLC

Compound tR, min logPow Pow

Rhodamine 6G 8.615 2.29 194

TMRE 7.68 1.69 50

C8R1 10.827 3.44 2,754

SkQR1 11.493 3.74 5,500
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between SkQR1 and C8R1 can also be accounted for the fact
thatPow for SkQR1was the highest among penetrating cations
tested (Table 1). Slow kinetics of C8R1 response to energiza-
tion without liposomes may well be a result of redistribution
of this cation between mitochondria and small membrane
particles contaminating the mitochondrial fraction.

An alternative explanation of the slow kinetics of accu-
mulation of our caions in mitochondria upon their energiza-
tion could be a low rate of SkQR1 permeation through the
inner membrane driven by electrical potential. According to
our estimation of the rate of SkQR1 translocation across
a planar bilayer lipid membrane (BLM) by measuring

relaxation of transmembrane electrical current, the typical
half-time of this process is 10 s (Rokitskaya et al. 2008). It
was interesting to compare the rate of translocation of
TMRE and SkQR1 in this system. The hydrophobic cations
SkQR1 and TMRE were incubated for 10 min after addition
to the membrane-bathing aqueous solution with constant
stirring to complete their binding to the BLM. The current
across the membrane I(t), which was maximal immediately
after application of the voltage V, spontaneously decreased
in time from the initial level I(0) to the steady-state level I
(∞). This current relaxation process was obviously associ-
ated with redistribution of the cations between two half-
membrane leaflets of the BLM. Figure 6a shows current
relaxation after a voltage jump of V0150 mV (“on” re-
sponse) and backward relaxation to V00 mV (“off” re-
sponse) for SkQR1 at a concentration of 2 μM. The gray
curves in Fig. 6a show monoexponential fits of the experi-
mental curves with τon01.67 s and τoff02.52 s. Figure 6b

Fig. 4 a Kinetics of SkQR1 uptake by mitochondria upon their energi-
zation in the presence of liposomes (400 μg phosphatidylcholine/ml,
open circles). Closed triangles were obtained in the presence of 1 μM
FCCP. The uptake was estimated as the number of peaks of fluorescence
exceeding an amplitude of 2 MHz (n(F>2MHz)). SkQR1 concentration,
20 nM. Panel b. Dependence of the number of peaks n(F>F0) on F0 for
SkQR1 before addition of succinate to mitochondria (curve 1, closed
circles), in the presence of succinate (curve 2, open circles), and after
addition of FCCP (curve 3, closed triangles). Curves are best fits to Eq. 1
with mean fluorescence intensity per single mitochondrion (Isingle).
Inset: Corresponding autocorrelation functions G(τ)

Fig. 5 Kinetics of TMRE uptake (filled triangles) and C8R1 uptake
(open circles) by mitochondria upon their energization by 5 mM suc-
cinate in the absence (panel A) and in the presence (panel B) of
liposomes (400 μg phosphatidylcholine/ml). The TMRE and C8R1
concentrations, 20 nM
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shows demonstrates results of similar experiments with
2 μM TMRE. TMRE also exhibited current relaxation upon
application of 150 mV, although it was lower in amplitude
and substantially slower compared to that of SkQR1 (note
different time scales in panels A and B). The gray curves in
Fig. 6b show monoexponential fits with τon011.3 s and
τoff023.7 s. It can be concluded that TMRE lacking a
hydrophobic residue had a slower translocation rate through
the lipid bilayer than SkQR1. These data indicated that the
rate of transmembrane movement of penetrating cations did
not limit the overall process of cation accumulation in
mitochondria, described in this paper.

Large uptake of SkQR1 by de-energized mitochondria
observed in the present study is presumably associated with
the high partition coefficient Pow of this hydrophobic

molecule. Let us compare the binding observed by FCS
with the value of Pow for SkQR1 determined by RP-HPLC
(Table 1). To estimate SkQR1 partitioning into mitochon-
drial membranes from the mean number of SkQR1 mole-
cules bound per single mitochondrion (about 2,500), one
should know the volume of its membrane phase. According
to electron microscopy of isolated rat liver mitochondria, the
mean inner membrane area is 6.5 μm2 (Schwerzmann et al.
1986). Assuming the membrane thickness to be 40Ǻ and
believing the area of the inner membrane to be much larger
than the area of the outer membrane, we estimated the
membrane volume of an isolated rat liver mitochondrion
as 0.026 μm3 and the inner membrane concentration of
SkQR1 as 2500

6:03�1023�0:026�10�15 ¼ 0:16 mM , which gave us the

lowest limit of the ratio (Pmw) of the inner membrane con-
centration of SkQR1 to its concentration in the aqueous
solution (20 nM in our experiments): Pmw07,900. This
value is comparable with the octanol–water partition coef-
ficient Pow05,500.

Let us consider the effect of addition of liposomes on
SkQR1 binding to mitochondria in de-energized and ener-
gized states. In the de-energized state, a substantial part of
SkQR1 should be bound to liposomes, because the concen-
tration of lipid in liposomes (0.4 mg/ml) under our experi-
mental conditions was higher than the concentration of
mitochondrial protein (0.1 mg/ml), while the partition coef-
ficients of SkQR1 for membranes of liposomes and mito-
chondria were supposed to be similar. Note that the protein/
lipid ratio of rat liver mitochondria is known to be 2.4 (Getz
et al. 1962). The addition of succinate leading to generation
of potential on the inner mitochondrial membrane should
shift the equilibrium distribution of SkQR1 from liposomes
to mitochondria because of an additional driving force aris-
ing from the ability of SkQR1 to permeate across mitochon-
drial membrane in cationic form.

Recent studies of (Skulachev et al. 2011; Fetisova et al.
2010; Bakeeva et al. 2008) have revealed selective accumu-
lation of SkQR1 in mitochondria in cells or tissues, which
can be abolished upon the addition of uncouplers. The
kinetics of the accumulation was slow and reached satura-
tion after about 60 min (Fetisova et al. 2010). Based on our
data, it can be assumed that the energy-dependent accumu-
lation of SkQR1 is a process that depends on the presence in
cells of different membrane components other than mito-
chondria competing with mitochondria for taking up
SkQR1. These components may play the role of liposomes
in our system.

Let us consider the role of lipophilicity of penetrating
cations in targeting them to mitochondria in cells. In case of
an imaginary highly hydrophilic penetrating cation, the de-
gree of its accumulation in mitochondria of, e.g., rat liver
cells, can be estimated knowing the portion of mitochondrial

Fig. 6 Time courses of electrical current through BLM after applica-
tion of voltage of V0150 mV (at t00, i.e. “on” response) and relaxation
with switching voltage to zero (“off” response) in the presence of
0.5 μM of SkQR1 (panel A) and 1 μM TMRE (panel B, curve 2),
and their best fits by a single exponential function (gray curves) with
τon04.2 s, τoff08.3 s (SkQR1), τon024 s τoff035 s (TMRE). Planar
phospholipid membrane was formed from E. coli lipids in decane. The
solution contained 2 mM Tris, 2 mM MES, 10 mM KCl, pH 7.0.
Temperature 27 °C
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volumes in cell volumes and a value of Δψ. According to
(Alberts et al. 2002), the mitochondrial volume comprises
approximately 10 % of the total cell volume. Assuming
mitochondrial Δψ0180 mV that results in a 1000-fold
higher concentration of the cations inside the matrix, the
majority of the cations should be inside mitochondria. Con-
sidering the opposite case of a highly lipophilic penetrating
cation, one can expect its Δψ-dependent accumulation in-
side the inner leaflet of the inner mitochondrial membranes.
The portion of the cations locating inside mitochondria
should depend on the fraction of mitochondrial membranes
in the total intracellular membrane pool. Assuming this
portion to be similar to the fraction of mitochondrial lipids
that comprises up to 20 % of the total lipid (Alberts et al.
2002), we conclude that the mitochondrial fraction of the
cations should be also predominant in this case. Therefore,
high lipophilicity of the cations should not decrease their
targeting to mitochondria in cells. This consideration can be
relevant to the distribution of SkQR1 in living cells and
tissues which is important for the understanding of the
mechanism of its protection from ischemia injury accompa-
nying generation of reactive oxygen species (Skulachev et
al. 2011; Bakeeva et al. 2008; Plotnikov et al. 2010).
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