






ovalbumin, conalbumin, aldolase, and ferritin (28-4038-41/28-
4038-42, gel filtrationcalibrationkits,GEHealthcare).Theprotein
content of peak fractions was quantified by BCA assay (Thermo
Scientific) after treatment with acetone to remove Coomassie dye
(see manufacturer’s protocol). Coomassie dye was quantified
(A610) after 20-fold dilution into 3% SDS, 10 mM Tris, pH 7.4 (no
interference from protein was observed in control experiments).

RESULTS
Blue Native Gel Electrophoresis of Yeast AAC3—In mito-

chondrial membranes solubilized with 12M and separated
using common blue native PAGE methods (38), CATR-inhib-
ited AAC3migrated with an apparent molecular mass of �120
kDawhen calibratedwith solublemarker proteins (Fig. 1A, lane
b, Western blot). This value is within the range of estimates

FIGURE 1. The influence of detergent concentration and mitochondrial lipid on the apparent molecular mass of yeast AAC3 in blue native gels.
Yeast mitochondrial membranes (200 �g of protein) or purified AAC3 protein (2 �g) were separated in 5–13% (w/v) polyacrylamide gels, and AAC3 was
detected by Western analysis. A, the apparent molecular mass of AAC3 in 12M-solubilized mitochondrial membranes without (lane a) or with pretreat-
ment with 80 �M CATR (lane b), when purified (lane c) or when purified and combined with the CATR-treated mitochondrial membranes (lane d).
Accordingly, the antigen present in lane d is the sum of the antigen present in lanes b and c. All samples were prepared in 1% 12M. B, the apparent
molecular mass of AAC3 in CATR-treated mitochondrial membranes prepared in 1– 4% 12M. C, the apparent molecular mass of purified AAC3 in 1% 12M
with 0 –100% of the equivalent amount of mitochondrial lipid present in solubilized membrane samples reintroduced (see “Materials and Methods”). D
and E, the average molecular masses (� S.D.) calculated from repeats of the gels in B and C (n � 3), respectively. The molecular masses (kDa) of protein
standards are given to the left of each blot.
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reported for AAC and other mitochondrial carrier proteins on
blue native gels (65–120 kDa (15–21, 34)), all of which were
interpreted to be protein dimers. In the absence of CATR,
AAC3 had a marginally lower molecular mass, but displayed a
muchweaker signal onWestern blots (lane a) consistent with a
loss in solubility of the protein due to instability. Unless other-
wise stated, AAC3 samples were treated with CATR as a stand-
ard to keep the protein in a folded state. In contrast to AAC3 in
membrane samples, purified AAC3 migrated with a lower
apparent molecular mass (�60 kDa, lane c). However, when
mixed with solubilized membranes, the purified protein
adopted the same high molecular mass observed in the solubi-
lized membrane samples (cf. lanes d and b). This behavior indi-
cates that a factor present in membrane samples increases the
apparent molecular mass of AAC3 and is removed during pro-
tein purification. In membrane samples, the apparent mass of
AAC3 was sensitive to the concentration of the detergent used
during solubilization. The apparent mass of AAC3 decreased
from �120 to �70 kDa over a 4-fold increase in the 12M con-
centration (Fig. 1, B andD). This result indicates that the factor
that influences the apparent mass of AAC3 can be diluted away
by detergent. Importantly, the incremental changes in mass
observed were too small to be explained by a change in the
oligomeric state of the protein.

The Influence of Lipids on the Apparent Size of AAC3—Lipids
have been shown to increase the apparent size of the AAC3-
detergent micelle in size exclusion studies (31). Following
extractionwith solvents, the addition ofmitochondrial lipids to
purified AAC3 increased the mass of the protein in blue native
gels too (Fig. 1, C and E). The apparent mass increased in pro-
portion to the amount of lipid introduced and reached the same
mass as observed for AAC3 in solubilized membrane samples
(�120 kDa) at an equivalent lipid concentration. Lipid associ-
ated with AAC, therefore, can account for the high mass
observed in solubilizedmitochondrial samples andmay explain
some of the variation in values reported for mitochondrial car-
rier proteins across other studies (15–21, 34).
The Effect of Detergent on the Apparent Size of AAC3—Size

exclusion studies have demonstrated that purified AAC3 is
monomeric in detergent but changes in apparent mass due to
the associated detergent micelle (27, 39). In the alkyl maltoside
series of detergents, AAC3 is �86 kDa in 10M, yet increases up
to 134 kDa in 13M as the length of the detergent alkyl chain
increases. Here, in the absence of excess lipid, purified AAC3
had an apparentmass of�45 to�60 kDa in the same detergent
series in blue native gels (Fig. 2A, left panel). In this case, how-
ever, the small changes that occurred can be attributed to the
interference in migration of AAC3 by free detergent micelles,

FIGURE 2. The influence of free detergent micelles on the migration of purified AAC3 in blue native gels. Yeast AAC3 was purified in alkyl maltoside
detergents of varying micelle size (10 –13M; see Ref. 27) and separated in 5–13% (w/v) polyacrylamide gels (4 �g of protein per lane) as described under
“Materials and Methods.” A and B, the migration of purified AAC3 (prepared in detergent as indicated) and protein-free detergent micelles in blue native gels
(right panels) with the position of AAC3 indicated by Western analysis (left panels). The densitometry profile is of lane 1 (0.2% 10M) of the blue native gel image.
C, the migration of purified AAC3 and free detergent micelles in samples prepared with detergent at �30-fold the critical micelle concentration (2.61% 10M,
0.87% 11M, 0.26% 12M, and 0.05% 13M). D, the occurrence of minor higher mass AAC3 species observed occasionally with AAC3 prepared in 0.1–1% 12M (0.5%
12M shown). The molecular masses (kDa) of protein standards are given to the left of each gel or blot. Densitometry profiles (ImageJ software) of the relevant
lanes are given to clarify the presence of multimeric species (*).
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which also migrated in the gel as a consequence of associated
Coomassie dye (Fig. 2A, right panel). At 30 times the critical
micelle concentration, in the absence or presence of AAC3, the
position of protein-free detergent micelles was observed for all
the detergents tested, as well as the interference that they
imparted on the migration of AAC3 (Fig. 2C). In each case, the
protein was retarded to varying degrees across each lane, giving
distorted band profiles. It is worth nothing that similar profiles
have been observed for othermitochondrial carrier proteins on
blue native gels (e.g. Ref. 18). Lowering the detergent concen-
tration did not remove the interference without risking aggre-
gation of the protein (Fig. 2B). In some cases, an extra species or
even a full array of higher oligomeric states could be seen,
depending on the severity of detergent starvation (e.g. in 0.2%
10M). On occasion, these species could also be observed with
higher detergent concentrations (e.g. in 0.5% 12M, Fig. 2D),
which may be related to the loss of bound detergent during
migration of the protein in the gel. However, aggregates were
consistently observed in digitonin-solubilized membranes (see
below, and Fig. 3, A–C).
The overriding effects of excess lipid and detergent could be

minimized by using detergent-solubilized membranes at a
10-fold lower protein load than would otherwise be recom-
mended. This approach maximized the dilution of lipids away
from the protein by detergent but also appeared to reduce the
interference of free detergent micelles in the migration of
AAC3 on 6–18% polyacrylamide gels (Fig. 3A). Under these
conditions, Western detection indicated that AAC3 had an
apparent molecular mass of �60 kDa in all of the alkyl malto-
side detergents tested. Coomassie dye, therefore, must have
replaced the majority of each alkyl maltoside detergent associ-
ated with the protein to give similar mass species. Consistent
with these findings, Coomassie dye has been shown to replace
virtually all of the 12M associated with the purified lactose
transporter LacS (40).
In contrast to the alkylmaltosides, AAC3 exhibited an appar-

ent molecular mass of �130 kDa in digitonin (Fig. 3A), a deter-
gent commonly used in blue native PAGE studies. Minor spe-
cies at even higher molecular masses were also detected (Fig. 3,
A and B), consistent with the aggregation of the protein due to
limited solubility in this detergent. The 2-fold highermolecular
mass of the main AAC3 species in digitonin, however, was not
related to a difference in the oligomeric state of the protein.
Titration of up to 0.5% 12M into digitonin-solubilized mem-
branes decreased the apparent mass of the species to �60 kDa
in small increments (Fig. 3C). The higher apparentmass, there-
fore, must have been related to the amount of detergent, lipid,
and Coomassie dye associated with the protein, which changed
in proportion to the amount of 12M present. AAC3 would
appear to retain a relatively large micelle in digitonin that does
not exchange fully with Coomassie dye, in contrast to the alkyl
maltosidemicelles, resulting in a slowermigration on gels. This,
in addition to the effects of lipid, may explain some of the high
molecular masses reported for digitonin-solubilized AAC on
blue native gels, which were originally interpreted to be the
result of homomeric or heteromeric protein associations (15,
16, 19, 32, 33, 41).

The Apparent Size of Mitochondrial Carrier Proteins on Blue
Native Gels—Using our optimized conditions, mitochondrial
carrier proteins fromnative sources (AAC from liver andUCP1
from brown adipose tissue) migrated with an apparent molec-
ular mass of �60 kDa in 12M (Fig. 4), consistent with our find-
ings with the recombinant AAC3 protein from yeast. This
would suggest that all of the mitochondrial carrier species
tested behave similarly and are in the same oligomeric state in
blue native gels.Whether these species representmonomers or
dimers, however, is not immediately clear as membrane pro-
teins have been shown to bind more Coomassie dye than the
soluble marker proteins (g/g protein) and so do not migrate at
their expected molecular mass (40). To act as a positive control
for dimers, we generated covalently linked tandem dimers of
AAC3 (diAAC3; see “Materials and Methods”), as has been
done for yeast AAC2 (35). Expression of the construct in an
AAC-deficient strain of yeast allowed growth on glycerol, a

FIGURE 3. The apparent molecular mass of AAC3 in alkyl maltoside deter-
gents and digitonin. Yeast mitochondrial membranes were prepared in
detergent with 10-fold less protein present (cf. legend for Fig. 1) to minimize
the influence of lipids in the protein-detergent micelle. Samples were sepa-
rated in 6 –18% (w/v) polyacrylamide gels, and AAC3 was detected by West-
ern analysis. A and B, the apparent molecular mass of AAC3 in CATR-treated
mitochondrial membranes (20 �g of protein) solubilized with 1% alkyl malto-
side detergent (10 –13M) or digitonin (Dig), as indicated. The occurrence of
multimeric AAC3 species (*), observed with mitochondrial membranes solu-
bilized in digitonin, is clarified in panel B with a densitometry profile (ImageJ
software). C, the change in the apparent molecular mass of AAC3 in CATR-
treated mitochondrial membranes solubilized in 1% digitonin with the intro-
duction of 0 – 0.5% 12M. The molecular masses (kDa) of protein standards are
given to the left of each blot.
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nonfermentable carbon source, indicating that diAAC3 is func-
tional and can support oxidative phosphorylation. When sepa-
rated on denaturing SDS gels, diAAC3 was �64 kDa in whole
cells, as expected, but was 64 and 32 kDa in mitochondrial
membrane samples, indicating that diAAC3was in part proteo-
lytically cleaved during membrane isolation (Fig. 5A). When
these membranes were solubilized in 12M and separated on
blue native gels, AAC species with apparent molecular masses
of �130 and �60 kDa were observed, corresponding to the
intact and cleaved proteins, respectively (Fig. 5B). Similarly,
when digitonin was used as the detergent, again two species
were observed but at highermass values (�230 and�140 kDa).
Importantly, in both cases, it was the lower, cleaved species
rather than the covalent dimer that matched the migration of
conventional AAC3, indicating that AAC3 and the other mito-
chondrial carrier proteins tested migrate as monomers in blue
native gels.
When separated according to charge/mass by blue native

PAGE, AAC3 appeared smaller than when separated by size
alone with size exclusion chromatography (�60 kDa when
comparedwith�115 kDa in 12M (27, 39)). Less Coomassie dye
may be required to replace the detergent bound to AAC3 (g/g
protein) or, alternatively, a relatively high amount ofCoomassie
dye may bind to AAC3, giving the protein a higher net charge
and mobility on gels than expected. To distinguish between
these possibilities, we assessed AAC3 under blue native gel-like
conditions by using size exclusion chromatography. In blue
native PAGE, proteins are typically exposed to 0.02% Coomas-
sie dye in the cathode buffer, but are exposed to higher concen-
trations in the sample buffer and during electrophoresis as the
Coomassie dye forms a concentrated running front. Also, as
proteins migrate on gels, the local detergent concentration

depletes progressively as there is no detergent cast in the gel,
and free detergent, in equilibrium with the Coomassie-deter-
gent micelles, will not migrate with the protein. Therefore, as
proteins migrate, they will be exposed to an increasing Coo-
massie dye:detergent ratio. To mimic these conditions in size
exclusion experiments, we introduced 0.02% Coomassie dye to
both purified AAC3 samples and the chromatography buffer
and systematically decreased the 12M concentration present.
In 0.1% 12M, purified AAC3 eluted with an apparent molec-

ular mass of 144 kDa (Fig. 6A). This value is higher than past
estimates (27), which relates to changes in the protein compo-
sition of the commercial calibration kit used (see “Materials and
Methods”). In the presence of 0.02% Coomassie dye, a high
background signal was observed due to the strong absorbance
of the dye at 280 nm. Even so, a clear peak corresponding to
AAC3 could be observed that eluted with an apparent molecu-
lar mass of 133 kDa (see protein profile of the eluted fractions,
Fig. 6B). When the 12M concentration in the chromatography
buffer was decreased to below the critical micelle concentra-
tion, most of the AAC3 present showed a small decrease in
apparent molecular mass (to between 111 and 125 kDa, Fig. 6C
and Table 1), whereas a minor fraction showed an increase (to
�180 kDa) consistent with oligomerization due to limited sol-
ubility, as observed in some conditions in blue native gels (e.g.
Fig. 2D). A third peak observed corresponded to the elution of
protein-freeCoomassie-detergentmicelles. Under these condi-
tions, quantification of the protein and Coomassie dye in the
major peak fractions indicated that up to 2.5 g of Coomassie dye
per g of protein associated with AAC3 despite relatively little
change in the apparent size of the species (Table 1). Estimation
of the composition revealed that most of the protein-bound
detergentmust have exchanged forCoomassie dye (Table 1 and
Fig. 7), similar to the situation observed on blue native gels with
different alkyl maltoside detergents (Fig. 3A). These data are

FIGURE 4. The apparent molecular mass of native AAC and uncoupling
protein-1 in blue native gels. Mitochondrial membranes from rat liver (AAC)
and lamb brown adipose tissue (UCP1) were prepared in 1% 12M and sepa-
rated in 6 –18% (w/v) polyacrylamide gels as described in the legend for Fig. 3.
For the detection of AAC3, mitochondrial membranes were pretreated with
CATR. 20 �g of protein was loaded per lane. The migration of native AAC and
uncoupling protein-1 was immuno-detected by Western analysis (see “Mate-
rials and Methods”). The molecular masses (kDa) of protein standards are
given to the left of each blot.

FIGURE 5. The calibration of mitochondrial carrier migration with artifi-
cial covalently linked AAC dimers. A, whole yeast cells (20 �g of protein) or
isolated mitochondrial membranes (MM; 7 �g of protein) containing AAC3 or
a covalently linked AAC dimer (diAAC3) were separated by SDS-PAGE. B,
CATR-treated mitochondrial membranes (20 �g of protein) containing AAC3
or a covalently linked AAC dimer (diAAC3) were separated in 6 –18% (w/v)
polyacrylamide gels as described in the legend for Fig. 3. AAC3 and diAAC3
were detected by Western analysis. The molecular masses (kDa) of protein
standards are given to the left of each blot. Dig, digitonin.
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only compatible with a model that considers the predominant
AAC3 species to be monomeric, in line with our previous stud-
ies (27, 39). AAC3 would appear to bind over 2.5-fold more
Coomassie dye than other membrane proteins (e.g. 0.35–0.59
g/g of protein for respiratory complexes I, III, IV, and V (42) or
0.8 g/g of protein for LacS (40)). The smaller apparent mass of
AAC3 determined by blue native PAGE when compared with
size exclusion chromatography, therefore, most likely reflects a
faster than expected migration rate in gels due to a higher than
expected associated charge, rather than a real difference in
mass.

DISCUSSION

Blue native PAGE is a popular and convenient technique to
separate and study proteins under nondenaturing conditions
and has been used extensively to report the oligomeric state of
mitochondrial carrier proteins (15–21, 34). In all studies to
date, mitochondrial carriers have been reported to be dimeric,
migrating with an apparent molecular mass of between 65 and
120 kDa. Here, we have scrutinized the behavior of the mito-
chondrial carrier protein AAC3 on blue native gels. We find
that the apparent mass of the protein is strongly influenced by
the lipid and detergent present in a manner that is unrelated to
changes in oligomeric state. When these effects are minimal-
ized,AAC3 andothermitochondrial carrier proteinsmigrate as
�60-kDa species. Assessment by size exclusion chromatogra-
phy suggests that purified AAC3 is larger than this on blue
native gels but migrates erroneously due to an unexpectedly

high amount of bound Coomassie dye. Importantly, calibration
of gels with an artificial dimer construct indicates that the
60-kDa species observed for AAC3 and other mitochondrial
carrier proteins is monomeric.
The migration of mitochondrial carrier proteins on blue

native gels is complicated by several factors. We found that the
presence of endogenous lipids, and the degree towhich they are
diluted by detergent, had a major effect of the apparent molec-
ular mass of AAC3. Consistent with this, others have observed
that yeast Aac2p in digitonin-solubilizedmitochondria is�109
kDa from wild type yeast yet is only 94 kDa in mitochondria
from a cardiolipin-deficient strain (�crd1), where the mito-
chondrial lipid content is lower (19). These trends are also in
agreement with our previous size exclusion experiments where
the introduction of lipids toAAC3purified in 12Msubstantially
increased the Stokes radius of the protein-detergent micelle
(31). As well as increasing the effective size, lipids may also
compete with, and limit, the binding of Coomassie dye, which
could lead to further retardation of the protein on gels. This
may explain the particularly high increase in the apparent mass
of AAC3 observed in the presence of lipid (Fig. 1).
The concentration and type of detergent present also have a

major influence on the behavior of AAC3 in blue native gels.
Heuberger et al. (40) concluded that virtually all of the 12M
associatedwith themembrane protein LacS is replaced byCoo-
massie dye. Similarly, for the various alkyl maltosides, we find
that much of the detergent associated with AAC3 is likely to
have been replaced (Fig. 3A), albeit not all of it. Size exclusion
experiments indicate that a small portion of 12M is retained
even at high Coomassie dye:detergent ratios (Fig. 7), whereas
the difference in the susceptibility of AAC3 to aggregate in each
of the alkyl maltoside detergents (Fig. 2B) would also suggest
that at least some detergent must remain bound to the protein.
We found that protein-free alkyl maltoside detergent micelles
are able tomigrate in gels as distinct Coomassie-bound species.
Although the exact composition of the species is not known, the
behavior on gels is counterintuitive: detergents that form larger
micelles appear to migrate faster than detergents that form
smaller ones. It is possible that a smaller micelle size may limit
the amount of Coomassie dye that can be taken up and there-
fore the amount of charge that is needed for migration. As a
consequence of the free detergent micelle migration, the pro-
gress of AAC3 is hindered to varying degrees (Fig. 2), leading to
erroneous trends in the apparent mass of the protein and
“inverted smile”-shaped bands. This interference is reduced
with low amounts of solubilized membrane samples loaded
onto 6–18% polyacrylamide gels, revealing a similar mass of
AAC3 in all the alkylmaltoside detergents tested. The improve-
ment may relate to the altered acrylamide concentrations used
or to the loss of defined detergent micelles, dispersed by the
extra lipids and protein present in membrane samples. Alter-
natively, it may relate to a tighter band associated with a lower
AAC3 load that overlaps less with the migration of the free
detergent micelles.
AAC3 appeared �2-fold larger in blue native gels with mito-

chondrial membranes solubilized in digitonin when compared
with 12M, yet is monomeric in both conditions. The extra
apparent mass in digitonin, therefore, must relate to the larger

FIGURE 6. Size exclusion chromatography of purified AAC3 under blue
native gel-like conditions. A–C, elution profiles of purified AAC3 in 0.1%
12M (peak � 144 kDa) (A), 0.1% 12M with 0.02% Coomassie dye (peak � 133
kDa) (B), or 0.004% 12M with 0.02% Coomassie dye (peak 1 � 125 kDa and
peak 2 � 185 kDa) (C). AAC3 was loaded in 0.1% 12M sample buffer supple-
mented with (B and C) or without (A) 0.02% Coomassie dye. The protein pro-
file (dashed line) was quantified by densitometry of the eluted fractions on
Coomassie-stained SDS gels (inset figures). See Table 1 and Fig. 7 for species
composition. The column was calibrated with molecular mass standards (see
“Materials and Methods”). au, arbitrary units.
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micelle that forms aroundAACwith this detergent, as observed
in size exclusion studies where monomeric AAC3 was esti-
mated to be 115 kDa in 12M but larger than 180 kDa in digito-
nin (27). This suggests that relatively little of the digitonin
bound to AAC3 is lost in exchange for Coomassie dye, unlike
the situation with the alkyl maltoside detergents. Membrane
proteins, in general, are reported to be larger in blue native gels
when prepared in digitonin compared with 12M (34), consist-
ent with a digitonin forming a largermicelle, although the pres-
ence of more lipids associated with digitonin-solubilized pro-
teins could also explain the apparent increase in size (34).
Heuberger et al. (40) have demonstrated that the apparent

mass of several membrane proteins determined by blue native
PAGE requires a correction factor of 1.8 to account for the extra
Coomassie dye that binds relative to soluble marker proteins
(i.e. the transporters are �1.8-fold smaller than they appear on
gels). In agreement with this, LacS purified in 12M and
exchanged into Coomassie dye was found to bind 0.8 g of Coo-
massie dye per g of protein. Other small membrane proteins
also appear to obey this relationship (e.g. rhodopsin (43), the
carnitine transporter CaiT (44), the urea transporter ApUT
(45), the glutamate transporter GltPEc (46), and a truncated

version of the copper transporter CopB (47)). Applied here, the
correction factor would predict that AAC3 is �33 kDa (�60
kDa), consistent with our observations that AAC3 is mono-
meric in blue native gels. In size exclusion experiments, how-
ever, we found that purified AAC3was able to bindmuchmore
Coomassie dye (up to 2.5 g/g of protein) than this correction
factor would otherwise suggest, giving a final complex of �120
kDa. This relatively high degree of bindingmost likely relates to
the small size and disproportionately large hydrophobic surface
of AAC3 when compared with the other membrane proteins
studied (40, 42). Importantly, the considerable charge associ-
ated with the bound Coomassie dye means that the complex is
also likely to migrate faster on gels and so appear smaller. This
may explain why the AAC3 species is only�60 kDa on gels and
a correction factor larger than 1.8 is not required.
Mitochondrial carriers are inherently unstable. We found

that CATR was required to stabilize AAC3 on blue native gels.
Most mitochondrial carriers, however, cannot be stabilized in
this way, and so to what extent their migration on blue native
gels reflects a native conformation is not clear. Even in the pres-
ence of CATR, small amounts of AAC3 can aggregate into
higher molecular mass species under particular conditions.
Protein “laddering” has been observed with other membrane
proteins (44, 45, 47, 48) and is consistent with the occurrence of
less favorable solubilization conditions. This typically occurs
when the detergent concentration is limiting but can occur at
higher concentrations also with particular detergents (e.g. in
digitonin or, on occasion, in 12M). In general, there is a good
correlation between membrane protein profiles observed on
blue native gels (taking into account correction factors) with
those observed using other sizing techniques, suggesting that
the real state of the protein in detergent is reported despite the
presence of Coomassie dye (47, 48). Of note, minor AAC mul-
timers were identified by analytical ultracentrifugation in prep-
arations of bovine AAC1 in Triton X-100, where the protein
was also found to be predominantly monomeric (30).
Mitochondrial carrier proteins were originally thought to be

dimeric in both form and function. However, there is now con-
siderable evidence from various techniques, as well as retro-
spective analysis of past data (reviewed in Ref. 31), to show that
mitochondrial carriers are in fact monomeric. Here, we have

TABLE 1
The size and composition of AAC3 species under blue native gel-like conditions
Apparentmolecular masses were estimated by size exclusion chromatography in the presence of 0.02%Coomassie dye and the indicated amount of 12M detergent. See Fig.
6 for examples. Protein and Coomassie dye in the major peak fractions were quantified as described under “Materials and Methods.”

[Dodecyl-�-D-maltoside]
Apparent

molecular mass Coomassie:protein

Species composition
Column

buffer (w/v)
Sample buffer

(w/v) Proteina Coomassieb Detergentc

% % kDa g/g kDa
0.4 0.4 128 0.0 33 0 95
0.3 0.3 128 0.1 33 5 90
0.2 0.2 132 0.4 33 13 85
0.1 0.1 133 0.6 33 21 79
0.004 0.1 125 2.5 33 84 8
0.001 0.1 117 2.1 33 69 15
0.000 0.1 111 1.9 33 64 13
0.000 0.05 120 2.0 33 67 20
0.000 0.03 118 2.2 33 73 12

a Calculated from the amino acid composition of yeast AAC3.
b Calculated from the protein mass multiplied by the Coomassie:protein ratio.
c Calculated by subtracting the apparent masses of the protein and Coomassie dye from the total apparent molecular mass of the species. This portion may represent some
lipid as well.

FIGURE 7. The size and composition of AAC3 species under blue native
gel-like conditions. Apparent molecular masses were estimated by size
exclusion chromatography in the presence of 0.02% Coomassie dye and the
indicated amount of 12M detergent. See Table 1 for details.
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addressed the behavior of mitochondrial carrier proteins in
blue native PAGE, a technique that has provided support for the
presence of dimers in the past. Our observations are consistent
with previous work but show clearly that the carrier species in
question are monomeric not dimeric.
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