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A B S T R A C T   

The BlueNative page (BNGE) gel has been the reference technique for studying the electron transport chain 
organization since it was established 20 years ago. Although the migration of supercomplexes has been 
demonstrated being real, there are still several concerns about its ability to reveal genuine interactions between 
respiratory complexes. Moreover, the use of different solubilization conditions generates conflicting in-
terpretations. Here, we thoroughly compare the impact of different digitonin concentrations on the liquid dis-
persions’ physical properties and correlate with the respiratory complexes’ migration pattern and 
supercomplexes. Our results demonstrate that digitonin concentration generates liquid dispersions with specific 
size and variability critical to distinguish between a real association of complexes from being trapped in the same 
micelle.   

1. Introduction 

The BlueNative page (BNGE), together with the cryo-electron mi-
croscopy, is the most useful technique to study the organization of the 
respiratory chain complexes (RCs) and supercomplexes (SCs). It was set 
up 20 years ago already by Hermann Schägger, who used this technique 
to study the structure of bovine and yeast SCs [1,2], and since then, its 
use has been spreading in the field [3,4]. It allows the isolation of pro-
tein complexes by mitochondrial membrane solubilization with a mild 
anionic detergent, such as digitonin. After adding a Coomassie dye, that 
confers a negative charge, the protein complexes can migrate in a 
polyacrylamide gradient gel. In these native conditions, the protein 
complexes maintain their physiological interactions that allow struc-
tural studies [5]. Besides, they preserve their enzymatic activities that 
could be detected either by specific in-gel assays [6], by respirometry 

[5,7]or by spectrophotometry [5]. 
BNGE allowed the description of mitochondrial SCs [1] and 

corroborated the plasticity model [7]. However, due to the use of de-
tergents (mainly digitonin), it has suffered many criticisms. The most 
evident was the consideration of SCs as artifacts resulting from digitonin 
solubilization of the mitochondrial membranes. Later, the identification 
of SCs in different species [8–14], genetic modulation of complex sub-
units [7,15], the use of detergent-free methods [7,16,17], the discovery 
of the assembly factors [18–20]and their visualization on cryo-electron 
microscopy [21–24]definitively demonstrate the existence of SCs. 
However, there are still some concerns about the use and the consequent 
interpretation of BNGE, mainly due to not homogenous use of digitonin 
concentration: (i) some authors consider all the free CI as an artifact of 
the technique due to the action of detergent [1,25]; (ii) all co-migrations 
are interpreted as evidence of interactions between protein complexes 
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disregarding if the molecular mass is or not compatible with the 
migration position; (iii) the contribution of the lipid composition to the 
migration is ignored; (iv) several migration positions are systematically 
ignored despite being persistent; (v) the actual proportion of solubilized 
respiratory complexes among the total population present in the sample 
is not systematically estimated. All these issues may hamper the inter-
pretation of the BNGE studies adding confusion to the field. For 
example, in heart and muscle mitochondria, there are different bands 
defined as SCs I + III2 + IV (also called N-respirosome) [5] that has been 
explained as due to an increasing amount of CIV monomers (1–4) [2] 
without sufficient experimental support. In the BNGE, solubilization 
conditions are fundamental for ensuring proper dispersion while main-
taining SCs interaction. In particular the optimal ratio detergent/protein 
has been set up carefully by Schägger [1,3], showing that it should be 
adjusted accordingly to the species [3,26], but these rules are not uni-
versally followed. 

In this work, we study the effects of different digitonin concentration 
on BNGE, demonstrating that below 1 g digitonin/1 g mitochondria 
(gDIG/gMITO), RCs and SCs migrate as a bulk of undefined bands. Starting 
with 2 gDIG/gMITO, discrete bands positive for CI, II, III and IV appear but 
only with higher concentration could the bigger SCs be defined. More-
over, we demonstrate that the multiple bands positive for CIV only in 
heart mitochondria [19] are stable also at high detergent concentrations 
(up to 20 gDIG/gMITO), revealing a strong interaction that eventually calls 
for further analysis. In the original work by Schägger, 4 gDIG/gMITO has 
been used [1] for mammalian mitochondria, and our data confirm that 
not only can it define specific and real interactions, but it can fully 
extract most of the mitochondrial protein content. Finally, using dy-
namic light scattering (DLS) we determine that digitonin concentration 
is inversely correlated with mean liquid dispersions diameter and 
directly correlated with heterogeneity in population size mirroring the 
migration profiles on BNGE. 

2. Material and methods 

2.1. Mitochondria isolation 

Mitochondria from liver and heart were isolated according to the 
previously described method [27] and the mitochondrial protein 
amount was quantified by Bradford assay (Bio-Rad, 5000006). 

2.2. Mitochondrial membrane solubilization 

To detect respiratory chain complexes and supercomplexes, mito-
chondria from mouse heart and liver were suspended at 10 mg protein/ 
ml in an appropriate volume of 50 mM Imidazole, 500 mM 6-aminohex-
anoic acid, EDTA 1 mM pH 7. They were then solubilized 5 min in ice 
with the indicated amount of digitonin (50% TLC, from Sigma (D5628), 
solubilized in Imidazole 50 mM, 6-aminohexanoic acid 500 mM, EDTA 
1 mM not recrystallized). Following centrifugation in an Eppendorf 
centrifuge 5415R at 16,000 ×g for 20 min, at 4 ◦C the supernatant was 
collected and Serva Blue G dye (Serva Scientist), stock 5% was added at 
the ratio detergent/dye of 8. 

2.3. BNGE electrophoresis 

Samples were separated in non-denaturing conditions on a 3–12% 
gradient gel as previously described [3]. The gradient gels were pre-
pared into Biorad Mini protein 1,5 mm system using a peristaltic pump. 

2.4. Immunoblots 

After electrophoresis, gels were electroblotted onto Hybond-P- 
polyvinylidene fluoride (PVDF) membranes (GE Healthcare) and 
immunoblotted with specific antibodies against the different subunits of 
the complexes (anti-COX1, Invitrogen; anti-core2 Protein Tech; anti- 

NDUFS5 Protein Tech; anti-Fp70 Invitrogene). The secondary anti-
bodies were conjugated to LI-COR IRDye 800 CW or 680 LT (Rockland 
antibodies) and acquired with the ODYSSEY Infrared Imaging System 
(LI-COR) except for anti-Fp70 that was revealed by ECL detection re-
agent (Amersham) with secondary antibody conjugated to HRP. 

2.5. Transmission electron microscopy 

TEM images were obtained with a JEOL JEM 1010 machine operated 
at 100 kV. Triplicate samples were dropped onto a formvar-coated TEM 
grid, air-dried and then stained with 2% ammonium molybdate solution. 
The grid was air dried before TEM measurements. 

2.6. Dynamic light scattering 

Hydrodynamic size and polydispersity index of liquid dispersions in 
digitonin solubilized fresh mitochondrial preparations were measured 
with a Zetasizer Nano ZS90 instrument equipped with a 633 nm He-Ne 
laser. Samples were equilibrated at room temperature and measured 
three times without previous treatment in disposable 40 μl cells. All 
samples were studied by cumulant analysis to determine the Z-average 
and intensity profile of the scattered light. Volume distributions were 
obtained by the use of Mie theory with the instrument software. 

2.7. Animal strains 

Parental C57BL/6JOlaHsd and CD1 strains were purchased from 
Harlan Laboratories and the colonies was maintained in-house animal 
facility. All animal procedures conformed to EU Directive 86/609/EEC 
and Recommendation 2007/526/EC regarding the protection of animals 
used for experimental and other scientific purposes, enforced in Spanish 
law under Real Decreto 1201/2005. 

3. Results 

3.1. Different concentrations of digitonin produce substantial differences 
in the migration pattern of mitochondrial complexes and supercomplexes 

To understand how digitonin concentration could affect the BNGE 
migration of mitochondrial proteins, we analyzed the effect of 
increasing digitonin concentration (0–10 gDIG/gMITO) on BNGE 
comparing mitochondrial preparation from CD1 and C57Bl/6J(BL6) 
harboring the functional form (113 aa) or the mutated form (111 aa) 
respectively of the supercomplexes assembly factor 1 (SCAF1/ 
COX7A2L) [18,19]. SCAF1mediates the interaction between CIII with IV 
that is lost in BL6 animals, therefore comparing both samples could 
allow us to better track the impact of solubilization of SCs migration. To 
do that, we first monitored the migration of CIV since it migrates in 
multiple bands in BNGE: as IV1–2, Q-respirasome [5] (III2 + IV1–2), I +
IV1–2, N-respirasome (I + III2 + IV1–2). Then we confirmed the results by 
monitoring the migration of CI and CIII. 

At digitonin concentrations < 0.5 gDIG/gMITO, no CIV is detected, at 
0.5 gDIG/gMITO all CIV migrates as high molecular weight entities, and at 
1 g/g multiple discrete bands are positive for CIV (Fig. 1A, left panels). 
No differences in CIV migration patterns were observed between CD1, 
and BL6 derived samples at digitonin concentrations ≤0.5 gDIG/gMITO. 
At higher digitonin concentrations, the two samples revealed conspic-
uous differences. In sample CD1, four major bands positive for CIV are 
stably detected between 2 and 10 gDIG/gMITO: The N-respirasome, the Q- 
respirasome, dimer, and monomer CIV (Fig. 1A left, upper panel). In 
contrast, with increasing digitonin concentration, the BL6sample pro-
gressively loses all CIV-positive bands except the two fastest-migrating 
bands, corresponding to monomeric and dimeric CIV (Fig. 1A left, 
down panel). CI does not migrate as discrete bands up to 1–2 gDIG/gMITO, 
where it appears with CIII2 and only in CD1 mitochondria forming the N- 
respirasome (I + III2 + IV) (Fig. 1A middle panels). Below 0.5 gDIG/ 
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gMITO, CIII predominantly migrates as a bulk of dimer plus one blur 
upper band in BL6 and two in CD1 resembling its association with CIV 
(Fig. 1A left panel). From 2 gDIG/gMITO, in both mouse strains, CIII2 and 
SCI + III2 migrate as defined bands but only in CD1 interaction with CIV 
within the N- and Q-respirasomes is observed. Starting from 1 gDIG/ 
gMITO, CII is detected as a monomer at the lowest part of the gel although 
higher digitonin concentrations interfere with its electrophoretic 
migration (Fig. 1A left panel). The results demonstrate that the digitonin 
concentration is critical for RCs and SCs bands definition and that CIV 
positive bands show the most variability upon different digitonin con-
centration. We have previously shown that, upon 4 gDIG/gMITO, heart 
mitochondria show a characteristic pattern of bands positive for CIV 
specific to adult heart [19] (Fig. 1B left panel, white asterisk). In order to 
exclude that these new bands were artifacts due to the incomplete sol-
ubilization of heart mitochondrial membranes, we compare the sepa-
ration pattern of higher digitonin concentration in BL6 and CD1 heart 
mitochondria. The results show that up to 10 gDIG/gMITO, all the bands 
positive for CIV and CIII2 are presently being the Q-respirasome (III2 +

IV) only detectable in CD1 mitochondria (Fig. 1B). At 20 gDIG/gMITO, the 
low migrating bands of SCs are compromised, and the overall migration 
pattern is altered. The results confirm that the multimers of CIV of heart 
mitochondria are specific and stable even at stronger solubilization 
conditions. Thus, the standard digitonin concentration 4 gDIG/gMITO, 
used for protein-rich mammalian mitochondria by Schägger [1] is the 
lowest that allows the separation of discrete bands which remain stable 
even at higher digitonin concentration without interfering with their 
electrophoretic migration. It is important to notice that in a later work, 
the amount of digitonin used for mammalian mitochondria was 6 gDIG/ 
gMITO [3]. However, since our results show that the migration pattern do 
not essentially change between 4 and 10 gDIG/gMITO, we consider 4 gDIG/ 
gMITO as the standard conditions for mammalian mitochondria. 

3.2. 4 gDIG/gMITO is sufficient to extract all mitochondrial electron 
transport chain proteins 

To further assess whether the amount of mitochondrial proteins 
extracted with 4 gDIG/gMITO represents the total amount, we performed 
serial solubilization of heart mitochondrial preparations with an 
increasing amount of digitonin (Fig. 2). The first solubilization shoot 
with 4 gDIG/gMITO was able to extract all the structures containing CIV in 
both BL6 and CD1 mitochondria except for a minority number of CIV 
monomer and dimers extracted with additional solubilization of the 
mitochondria pellet with 10 gDIG/gMITO. A residual amount of CIV 
monomer was extracted, adding 20 gDIG/gMITO of digitonin (Fig. 2 right 
panel in green, middle panel). CIII dimer and in association with CI was 
extracted entirely with 4 gDIG/gMITO in both mitochondrial strains (Fig. 2 
left panel, red signal, and left panel), but associated with CIV only in 
CD1 (Fig. 2 yellow signal). No additional amount is extracted with an 
increasing amount of digitonin. The results confirm that 4 gDIG/gMITO of 
digitonin is sufficient to essentially extract the total amount of RC and 
SCs, preserving the differences between the two mouse strain 
mitochondria. 

3.3. Solubilization in less than 4 gDIG/gMITO produces bigger liquid 
dispersions that can trap complexes that do not interact 

We examined the effect of digitonin concentration by dynamic light 
scattering (DLS; photon correlation spectroscopy) in mitochondrial 
samples (CD1 background). This technique allows the determination of 
small particles’ size distribution profile (like liposomes or liquid dis-
persions) in suspension. As expected, digitonin concentration inversely 
correlates with mean liquid dispersions diameter, which was substan-
tially smaller at 4 gDIG/gMITO than at 1 gDIG/gMITO (Fig. 3A, black bars). 
Another relevant parameter is the polydispersity index (PdI), a dimen-
sionless measure of the difference between the largest and the smallest 
measurable liquid dispersions in the sample; the higher the Pdl, the 
larger this difference (for the Zetasizer NanoZS90 instrument used here 

Fig. 1. Effect of different digitonin concentration on complexes and supercomplexes migration patterns. (A) BNGE immunoblots of (A) liver and (B) heart mito-
chondrial samples from the indicated mouse strains after solubilization at different digitonin concentrations. 
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the value is always between 0 and 1). PdI increased with increasing 
Digitonin concentration over the range tested (Fig. 3A, blue bars), 
mirroring the Z-average concentration-dependent decrease. This anal-
ysis indicates: 1) although liquid dispersions diameter decreases pro-
gressively with increasing digitonin concentration, even at high 
concentrations larger particles are not eliminated; 2) from 1 gDIG/gMITO 
to 4 gDIG/gMITO, PdI increases substantially, indicating a corresponding 

drop in the size of the smallest measurable liquid dispersions; in other 
words, the smallest liquid dispersions are bigger at 1 gDIG/gMITO than at 
4 gDIG/gMITO; 3) at high concentration the population of liquid disper-
sions has more variability being able so to embed protein complexes of 
different size. A dynamic picture of what is going on can be obtained by 
estimating the heterogeneity in population size and each population’s 
contribution to the size average and PdI. The plots in Fig. 3B show the 

Fig. 2. Mitochondrial solubilization with increasing digitonin concentration. 
BNGE immunoblots of heart mitochondrial samples of the indicated mouse strains. Mitochondria were first solubilized with 4 gDIG/gMITO of digitonin and the 
remaining pellet with further 10 gDIG/gMITO and 20 gDIG/gMITO. 
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Fig. 3. Dynamic light scattering (DLS) and transmission electron microscopy (TEM) analysis of digitonized mitochondrial samples (A) Effect of digitonin concen-
tration on the mean diameter of liquid dispersions in suspension (average size, black) and on the polydispersity index (blue). (B) Effect of digitonin concentration on 
liquid dispersions size in mitochondrial preparations. Liquid dispersions population 1 (P1), mean diameter ~300 nm; P2, ~60 nm; P3, ~14 nm. (C) Representative 
TEM images confirm that samples at 1 g/g contain more large liquid dispersions and membrane fragments than samples at 4 gDIG/gMITO, but even at the higher 
concentration, large liquid dispersions are easily detected. (For interpretation of the references to color in this figure legend, the reader is referred to the web version 
of this article.) 
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percentage distribution of particle size at different digitonin concen-
trations. For simplicity, we consider three major populations of average 
diameter of 300 nm (P1), 60 nm (P2), and 14 nm (P3). In the absence of 
detergent, a single population of large liquid dispersions corresponds to 
intact mitochondria (P1), and this population shifts to a smaller size at 
0.1 gDIG/gMITO but is not disrupted. At 0.2 gDIG/gMITO, the homogenous 
population splits into populations P1 and P2. P3 appears at 0.5 gDIG/ 
gMITO, and though all three populations are present at this concentra-
tion, most vesicles are P3, explaining why average diameter decreases as 
PdI increases. P1 and P2 populations decrease further in favor of P3 from 
0.5 gDIG/gMITO to 1 gDIG/gMITO, but significant proportions of P2 and P1 
remain, as verified in TEM images (Fig. 3C). At 2 gDIG/gMITO, the P3 
notably increases, reaching nearly 100% at 10 gDIG/gMITO, however, P1 
and P2 are still present and detectable in TEM images (Fig. 3C). 

Thus, the DLS and TEM analysis yield three major conclusions: (1) 
Increasing the concentration of digitonin first induces a transient pop-
ulation of large liquid dispersions (P1 and P2) that are progressively 
transformed into a population of small liquid dispersions. (2) At 0.1 
gDIG/gMITO, the contribution of the population of transient and hetero-
geneous liquid dispersions is very relevant, and the liquid dispersions of 
minimum size are not achieved. Therefore, the likelihood of trap res-
piratory complexes in large liquid dispersions is more significant than at 
4 gDIG/gMITO. Thus, correlating the DLS results with the BNGE migration 
patterns (Fig. 1), we can conclude that the appearance of P3 population 
is determinant for the isolation of smaller bands in the BNGE and that 
the variability of the liquid dispersions is fundamental to trap different 
multimerization complexes. On the contrary, the migration in a unique 
upper bulk at low digitonin concentration 0.5 gDIG/gMITO could be due to 
big particles’ single population. 

4. Discussion 

The electron transport chain (ETC) organization has been at the 
center of a passionate debate since the conception of the fluid [28] and 
solid model [29] further integrated into the plasticity model [7]. It is 
widely accepted that the ETC complexes coexist in their monomeric 
states and assembled into bigger associations called SCs [4,30,31]; but, 
how many SCs do exist and what are their composition are still unsolved 
issues. Moreover, understanding whether SCs have specific bioenergetic 
functions and their physiological impact is almost unknown [5,31]. 

For that, the field needs a trustable technique with a clear consensus. 
BNGE is considered the golden technique to study the ETC organization 
and SCs composition according to the electrophoretic migration profile. 
Despite 20 years of experimentation, the discussions on the ability of 
BNGE to reveal genuine interactions between respiratory complexes 
have produced strong warnings and caveats. The use of detergent for the 
solubilization of membrane components is the major criticism of BNGE, 
and for that, SCs have been considered artifacts since genetic and 
detergent-free approaches finally demonstrated them. 

The question on the solubilization conditions has been an old and 
central issue already addressed by different authors [1,3,32]. Despite 
the clear and concrete indications of the original works of Schägger 
[1,3] still, there is variability in the handling of technique that could 
lead to misunderstanding and generate more noise in the field. In this 
work, we address the effects of digitonin’s different concentrations on 
the mitochondrial proteins profile patterns and characterize the physical 
properties of the resulting liquid dispersions by DLS to determine the 
most reliable solubilization condition. Our experiments demonstrated 
that a proper migration correlates with the detergent-forming liquid 
dispersions with a less average diameter and more size variability 
defined as polydispersity index. The critical concentration is 1 gDIG/ 
gMITO, where the bigger liquid dispersions, P2, P1, are dramatically 
reduced in favor of the P3 smaller liquid dispersions, which became even 
more predominant at 2 gDIG/gMITO and 4 gDIG/gMITO. The physical 
changes of liquid dispersions correlate with the appearance of discrete 
bands at the correspondent molecular weight of RC and SCs, which 

became more defined by losing the blur signal meaning of uncomplete 
mitochondrial membrane solubilization. One of the standard concen-
trations defined by Schägger for mammalian mitochondria is 4 gDIG/ 
gMITO [1], and we show here that this concentration allows extracting all 
mitochondrial inner membrane proteins and defines correct SCs in-
teractions that are stable even at higher digitonin concentrations. It 
means that this concentration is the most reliable to characterize ETC 
organization in mammalian mitochondria minimizing the risk of 
artifacts. 

Our analysis reveals that solubilization of membrane components 
with detergents generates liquid dispersions that can trap complexes, 
giving the impression of physical interaction when they are merely in 
the same vesicular structure. This real risk could be lessened by using the 
correct amount of digitonin. Indeed, our results demonstrated that 
digitonin’s low concentration could produce more artifacts and sub-
stantial variations than high concentration. Mitochondria from different 
species and tissues could also differ in phospholipid and protein 
composition that could interfere with proper membrane solubilization. 
For that, it would be beneficial testing the sample/detergent ratio in the 
specific mitochondria type to be studied. 

The inability to eliminate larger liquid dispersions underlines the 
need for rigor in the interpretation of BNGE results. Even with the right 
detergent proportion, it is hard to determine if low-abundance bands 
represent biologically-relevant protein associations or incompletely 
solubilized membrane proteins incorporated into the larger liquid dis-
persions. This limit could be reason why we still do not know if complex 
II superassembles. Since we only find minute amounts of CII co- 
migrating with other complexes [7], we cannot exclude the possibility 
that this is an artifact due to large remnant liquid dispersions in the 
preparation. 

The migration of CI as a single complex still generates some con-
cerns. Our results show that CI appears as a monomer with 1 gDIG/gMITO 
without significantly increasing its proportion up to 10 gDIG/gMITO. 
Moreover, other publications demonstrated that mitochondrial from 
some species [26], included human muscle mitochondria [33], do not 
show any detectable band with CI alone, suggesting that it is more 
probably due to the specific ETC organization than to digitonin. The 
physiological meaning of having or not a proportion of free CI remains 
unknown. The formation of the N- and Q-respirasomes depends on 
SCAF1 [5]. The use of non-homogeneous BNGE may, however, originate 
contradictory results. Thus, at intermediate concentrations of digitonin 
(1–2 gDIG/gMITO) the liver mitochondrial samples harboring functional 
or non-functional SCAF1 showed a pattern of CIV bands that may be 
interpreted as revealing the presence of N- and Q-respirasomes (Fig. 1A). 
The migration pattern of CIII indicates that the CIV migrating in this 
area is not associated with III2in the absence of functional SCAF1, and 
therefore could not represent a respirasome. Thus, at higher concen-
tration of digitonin only SCAF1 positive samples reveals CIV in high 
molecular SCs, eliminating any risk of misinterpretation. In the heart 
mitochondria, we found extra-bands positive for CIV [5] resistant at 
high digitonin concentrations (up to 10 gDIG/gMITO). The reasons for 
their different profile migrations, their specificity for heart mitochon-
drial, and their physiological role are still unknown, but their migrations 
very close to some SCs may lead to the wrong impression that they 
represent forms of the Q-respirasome (III2 + IV or III2 + IV2). This issue 
is particularly problematic when using small gels or short running times. 
It is important to mention that in the absence of SCAF1, the Q-respira-
some is absent in heart mitochondria. However, a low level of N-respi-
rasome can be observed (Fig. 1B). We recently demonstrated that the 
SCAF1 deficient N-respirosome is functionally and structurally different 
from the wild type one [5] being determined by the independent 
interaction of CI with CIII2 and with CIV, even though the interaction 
between CIII2 and CIV is lost [5]. This respirosome results more sensitive 
to stronger solubilization conditions as observed independently by us 
[5] (using second dimension DDM BNGE) and by other authors [32] 
(using increasing amount of digitonin). In this context, the digitonin/ 
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protein ratio could be considered as an indicator of the stability of 
supercomplexes [34]. 

It is worth to notice, that also the timing and the temperature con-
ditions of sample handling could be determinant. Inspired by the 
observation that respirosome shift from tight to loose conformation 
upon delayed grid preparation [21], we extensively study the stability of 
respirosome upon over-night incubation at 4C and demonstrated that in 
solubilized mitochondrial preparation, the CIII+IV interaction within 
the respirosome is lost due to the proteolytic processing of SCAF1 [5]. 
Therefore, we concluded that the sample handling as storage tempera-
ture and timing is relevant for the study of the SCs organization as 
already hypothesized by others [34]. 

Despite the concerns and limitations, the BNGE technique remains 
the most used and useful technique to study ETC, and for that, it is 
crucial to be aware of the limitations and minimize the possibility of 
artifacts. Here, we point out the importance of solubilization conditions, 
and we warn against the possible pitfalls. However, it would always be 
beneficial to corroborate the BNGE results with complementary tech-
niques such as second dimension BNGE, proteomics, or genetics 
approach. Looking at the emerging physiological relevance of the ETC 
organization [5,33,35–39], we guess that soon, it would be fundamental 
improving in situ techniques such as cryo-electron tomography [40,41] 
and stimulated emission depletion microscopy (STED) [42] [43], to 
study the ETC organization without isolating RCs and SC, along with the 
already on-going techniques for tracking the formation of SCs [44–46]. 

5. Conclusion 

Digitonin concentration is fundamental for the proper mitochondrial 
solubilization that depends on the detergent-forming liquid dispersions 
dispersion. In particular, we demonstrated that the average size and the 
heterogeneity of liquid dispersions (expressed as polydispersity) are the 
determinants for the protein complexes separation on BNGE. However, 
we detected large detergent vesicles that could trap uncomplete solu-
bilized membrane proteins at high digitonin concentration, which could 
generate artifacts. For that, it would be fundamental to set the proper 
digitonin:sample ratio, carefully analyze the BNGE results and confirm it 
with complementary techniques. 
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