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Mammalian SCO1 and SCO2 are evolutionarily-related
copper-binding proteins that are required for the as-
sembly of cytochrome c oxidase (COX), a mitochon-
drial respiratory chain complex, but the exact roles
that they play in the assembly process are unclear.
Mutations in both SCO1 and SCO2 are associated with
distinct clinical phenotypes as well as tissue-specific
COX deficiency, but the reason for such tissue speci-
ficity is unknown. We show in this study that al-
though both genes are expressed ubiquitously in all
mouse and human tissues examined, surprisingly,
SCO1 localizes predominantly to blood vessels,
whereas SCO2 is barely detectable in this tissue. To
our knowledge, SCO1 is the first known example of a
mitochondrial protein that is strongly expressed in
the vasculature. We also show that the expression of
SCO1, but not of SCO2, is very high in liver (the tissue
most affected in SCO1-mutant patients), whereas the
reverse holds true in muscle (the tissue most affected
in SCO2-mutant patients). Our findings may help ex-
plain the differences in clinical presentations due to
mutations in SCO1 and SCO2 and provide clues re-
garding the partially nonoverlapping functions of
these two proteins. (Am J Pathol 2010, 177:2541–2548;
DOI: 10.2353/ajpath.2010.100229)

Cytochrome c oxidase (COX), also called complex IV of
the respiratory chain, is located within the mitochondrial
inner membrane. It accepts electrons from cytochrome c
and passes them to oxygen, while pumping protons
across the inner membrane to help establish a proton
gradient for ATP synthesis. COX functions as a dimer:
each monomer contains 13 subunits, two heme groups

(heme a and a3, both located in subunit I), three copper
ions (two in the CuA site in subunit II and one in the CuB

site in subunit I), a zinc ion, and a magnesium ion.1 The
three largest subunits (I, II, and III), which are encoded
by mitochondrial DNA, form the catalytic core of the
enzyme and contain the prosthetic groups; they perform
the electron transfer and proton pumping functions. The
10 smaller subunits are encoded by nuclear DNA and
have regulatory and structural functions. Additional nu-
clear-encoded factors are required for the maturation
and assembly of the structural subunits into the COX
complex, including those responsible for synthesis of
heme A and the transport and insertion of metal cofac-
tors.2–4 A number of COX assembly factors have been
identified in yeast, many of which have human homologs,
including CMC1, COX10, COX11, COX15, COX17,
COX18, COX19, COX20, LRPPRC, OXA1, PET191,
SCO1, SCO2, and SURF1.4

Both humans and yeast have two SCO genes (SCO
stands for synthesis of cytochrome c oxidase), SCO1 and
SCO2, which were derived from a gene duplication event
that occurred in the two lineages independently.5 Both
SCO proteins in humans are essential, whereas in yeast
only SCO1 is required for cell viability on nonfermentable
carbon sources.6 The SCO family of proteins has been
implicated in the transport of copper to COX and is
thought to bind copper at a highly conserved CxxxC
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domain.7 However, structural analysis of human SCO1
has shown a similarity to redox-active proteins, including
thioredoxins and peroxiredoxins,8–10 and the protein is
peroxide-sensitive,8 “raising the possibility that SCO1 -
and perhaps human SCO2 (whose structure has not yet
been deteremined) as well, as the two proteins are similar
in the region containing the thioredoxin-like fold8 - might
also function as a thiol:disulfide oxidoreductase.8,10–12”
Based on the extreme sensitivity to H2O2 of a SCO1-null
mutant in yeast,8,13 the SCO proteins have been pro-
posed to function as copper-dependent redox switch-
es.8,10 More recent findings suggest that the SCO pro-
teins play a regulatory role in the maintenance of cellular
copper homeostasis.14 On the other hand, SCO2 is reg-
ulated positively by p53 in both humans and mice,
thereby modulating the cellular balance between glyco-
lysis and respiration.15 Interestingly, the effect of p53
seems to be tissue-specific, in that SCO2 expression is
responsive to p53 in liver, but not in muscle.16 Despite
the progress in characterizing the function of the SCO
proteins, which have been shown to have nonoverlap-
ping, cooperative functions,12,14 it still remains unclear
why two SCO proteins are required for survival in
humans.

Mutations in both human SCO1 and SCO2 cause
severe COX deficiencies, because of a failure in the
assembly of the COX holoenzyme, but different tissues
are affected. Mutations in SCO1 cause fatal infantile
hepato-encephalomyopathy,17 whereas mutations in
SCO2 cause fatal infantile cardio-encephalomyopa-
thy5; at present it is unclear why this “tissue specificity”
exists.

To try to understand this tissue specificity, we ana-
lyzed SCO1 and SCO2 transcription and protein ex-
pression in different human and mouse tissues. Our
results suggest that although there is no strict tissue
specificity for either protein, SCO1 exhibits an unex-
pected and differential pattern of expression in the
vasculature, which, to our knowledge, is a novel fea-
ture for a mitochondrial protein.

Materials and Methods

Northern Blot Analysis

A human multiple-tissue blot with mRNA from eight tis-
sues (Clontech, Mountain View, CA) and a mouse multi-
ple-tissue blot with mRNA from 10 tissues (Ambion, Aus-
tin, TX) was used for Northern blot analysis. For human
SCO1, a single-stranded radiolabeled probe spanning
exons 4 to 6 (nucleotides [nt] 627 to 1072, GenBank
NM_004589.2) was generated by in vitro transcription
using the MAXIScript SP6/T7 kit (Ambion) in the presence
of [�-32P]dUTP and was hybridized to the blot. For human
SCO2 (nt 128–872, GenBank NM_005138.2), as well as
mouse Sco1 and Sco2, double-stranded DNA fragments
were generated by PCR and labeled with [�-32P]dCTP
using the Random Primed DNA labeling kit (Roche Diag-
nostics, Indianapolis, IN). The mouse Sco1 probe
spanned exons 2 to 6 (nt 280 to 857, GenBank

NM_001040026.1); the mouse Sco2 probe included 600
bp of the coding region (nt 329 to 928, GenBank
NM_001111288.1). The probes were hybridized over-
night at 68°C. The membranes were stripped in boiling
0.5% SDS. The human blot was probed sequentially, as
follows: SCO1 exposed 4 days; SCO2 exposed 11 days;
and �-actin (cDNA control probe provided by Clontech)
exposed 12 hours. The mouse blot was probed with Sco1
for 7 days, with Sco2 for 7 days, and with �-actin (nt 32 to
468, GenBank NM_007393.3) for 4 hours.

In Situ Hybridization

Sections (10 �m) of frozen human muscle were cut,
air-dried, and fixed in 4% paraformaldehyde. Sections
were incubated in prehybridization solution (50% for-
mamide, 5� standard saline citrate [SSC], 10� Den-
hardt’s solution, 0.3 mg/ml Escherichia coli tRNA, and
2.5 mg/ml herring sperm DNA) for 2 hours at 70°C.
Probes were generated by in vitro transcription (DIG
RNA labeling mix from Roche Diagnostics) according
to the manufacturer’s protocol using a linearized plas-
mid containing 447 bp of Sco1 (nt 627 to 1072, Gen-
Bank NM_004589.2) or 352 bp (nt 181 to 533, GenBank
NM_005138.2) of the coding region of Sco2 as a tem-
plate, in both the sense (control) and antisense orien-
tations. Probes were hybridized overnight at 70°C. Af-
ter removal of unbound probe (by washing in 5� SSC
for 5 minutes at 70°C and 3 times in 0.2� SSC for 30
minutes at 70°C), the slides were blocked and incu-
bated with anti-DIG antibody overnight at 4°C. The
sections were developed with Fast Red solution (Sig-
ma-Aldrich, St. Louis, MO).

Immunohistochemical Analyses

For immunohistochemical analysis, aorta, brain, heart,
kidney, liver, and muscle tissues were frozen in isopen-
tane cooled in liquid nitrogen. The tissues were cryosec-
tioned (8 �m thick) and fixed for 10 minutes at room
temperature (RT) in 4% paraformaldehyde in PBS. Tis-
sues were rinsed in PBS followed by an antigen retrieval
step in citrate buffer (10 mmol/L citric acid, pH 6.0, at
100°C for 45 minutes). Slides were then incubated in
0.4% Triton X-100 in PBS for 20 minutes at RT. For fluo-
rescence staining, the sections were blocked for 1 hour
at RT in SuperBlock blocking buffer (Pierce Chemical,
Rockford, IL) containing 160 �l/ml avidin block (Vector
Laboratories, Burlingame, CA). An antibody was raised in
chicken against an 18-amino acid (aa) peptide from aa
113 to 130 (KHVKKEKAEKLEKERQRH) of human SCO1
(Lampire Biological Laboratories, Pipersville, PA) and a
rabbit polyclonal antibody was raised against a 14-aa
peptide from aa 236 to 249 (LFTDYYGRSRSAEQ) of hu-
man SCO2 (Zymed Laboratories, Invitrogen, Carlsbad,
CA). Antibodies were diluted 1:100 in SuperBlock block-
ing buffer containing 160 �l/ml biotin block (Vector Lab-
oratories) and were added to the tissue sections over-
night at 4°C. Secondary biotinylated chicken and rabbit
antibodies (Amersham Biosciences, Piscataway, NJ)
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were added for 1 hour at RT, followed by incubation
with streptavidin fluorescein (Amersham Biosciences)
for 1 hour at RT. For peroxidase staining, the sections
were blocked with sheep and donkey serum. Primary
and secondary antibodies were as above but were
diluted in 1% bovine serum albumin in 1� PBS, fol-
lowed by addition of avidin and biotinylated horserad-
ish peroxidase H (Vectastain ABC Kit, Vector Labora-
tories) for 1 hour at RT. The staining was visualized with
diaminobenzidine, followed by dehydration and mount-
ing with Permount.

Background stainings were performed as above but in
the absence of the relevant primary antibody. The spec-
ificity of the staining was confirmed by antigen competi-
tion experiments. The antibodies were incubated with the
relevant peptides before immunolabeling; a dramatic re-
duction in signal intensity to background levels was
observed.

Western Blotting

For Western blotting of proteins separated by SDS-poly-
acrylamide gel electrophoresis, 15 �g of crude mouse
mitochondrial or cytosolic proteins were electrophoresed
through a 12% polyacrylamide gel and electroblotted
onto polyvinylidene difluoride filters (Bio-Rad Laborato-
ries, Hercules, CA). For protein detection, we used a
rabbit polyclonal antibody raised against aa 272 to 285
(EFLDYFGQNKRKGE) of human SCO1 (Zymed Labora-
tories) and the above-mentioned rabbit polyclonal anti-
body to SCO2. Both SCO antibodies were affinity-purified
using the SulfoLink Kit (Pierce Chemical) according to the
manufacturer’s protocol. The loading controls were anti-
bodies against the Cox1 subunit of complex IV (459600,
Invitrogen) at a dilution of 1:400 and against the Ndufa9
subunit of complex I (459100, Invitrogen) at a dilution of
1:1000. The membranes were stripped between probing
with the different antibodies. We used ImageJ (NIH, Be-
thesda, MD) to quantitate the intensities of the immuno-
blot signals.

Results

Transcriptional Analysis of Sco1 and Sco2

Using Northern blot analysis of multiple tissues, we
showed that transcripts of mouse Sco1 (�1.4 kb) and
Sco2 (�1.1 kb) were present in all tissues examined
(Supplemental Figure 1, see http://ajp.amjpathol.org). We
also confirmed that transcripts of human SCO1 (�1.7 kb)
and SCO2 (�0.9 kb), were present in all tissues analyzed
(not shown), as reported previously.5,18

Western Blot Analysis to Detect SCO1 and
SCO2 Protein Expression

We performed immunoblot analysis to detect Sco1 and
Sco2 in the cytosol and in crude mitochondria derived
from five mouse tissues (brain, heart, kidney, muscle, and

liver) processed immediately after sacrifice (Figure 1). As
anticipated and consistent with the Northern blotting re-
sults, we detected Sco1 in the mitochondrial fraction but
not in the cytosolic fraction in all tissues analyzed (Figure
1A). Relative to the signal for Cox1, a mitochondrial
DNA-encoded subunit of complex IV of the mitochon-
drial respiratory chain (Figure 1), and for Ndufa9, a
nucleus-encoded subunit of complex I of the respira-
tory chain (not shown), the highest amounts of Sco1
were detected in liver and the lowest amounts in skel-
etal muscle (Figure 1B). A similar analysis to detect
Sco2 showed that it too was expressed in all tissues
analyzed (Figure 1A), with the highest levels in muscle
and the lowest levels in liver (Figure 1B). Interestingly,
although the amounts of Sco1 and Sco2 in brain, heart,
and kidney, were comparable, in liver there was about a
15-fold greater amount of Sco1 than of Sco2, whereas
conversely, in skeletal muscle there was approximately
a sevenfold greater amount of Sco2 than Sco1. These
results were replicated in a separate experiment (not
shown).

Figure 1. Expression of Sco1 and Sco2 in various mouse tissues. A: Western
blot. C, cytoplasmic fraction; M, crude mitochondrial fraction. Molecular
mass markers, in kDa, at left. Cox1 was used as a loading control. B:
Quantitation of the amount of Sco1 and Sco2 in the tissues analyzed in A,
normalized to that of Cox1. Note the differentially higher levels of Sco1 in
liver and of Sco2 in muscle.
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Immunolocalization of SCO1 and SCO2 in
Tissues

Cryostat sections of frozen human skeletal muscle were
analyzed by immunofluorescence microscopy to detect
SCO1 and SCO2, using antibodies generated against
amino acid sequences specific to the central region of
SCO1 and the C terminus of SCO2. Both proteins were
expressed throughout the muscle fibers, with a stronger
signal in type I versus type II fibers, consistent with a
mitochondrially targeted protein involved in oxidative en-
ergy metabolism (Figure 2A). However, we also observed
an unexpectedly strong signal for SCO1 in the vascula-
ture, with no obvious evidence of any signal for SCO2;
SCO1 was present both in endomysial and perimysial
vessels.

Because of the unexpected and surprising localization
of SCO1 in the muscle vasculature, we performed in situ
hybridization analysis to detect both SCO1 and SCO2
transcripts in human skeletal muscle. Consistent with the
immunohistochemical results, we found both transcripts
in the muscle fibers, but in the vasculature we observed

intense signals only for the SCO1 transcripts, whereas
SCO2 transcripts were essentially absent (Figure 2B).

To determine the generality of these results, we per-
formed immunohistochemical analyses of multiple tis-
sues. Cryostat sections of frozen human (Figure 3)19 and
mouse (Supplemental Figure 2, see http://ajp.amjpathol.
org) heart, kidney, liver, and muscle were analyzed by
immunofluorescence microscopy and of brain by immu-
noperoxidase staining. As with the initial analysis in skel-
etal muscle, both SCO1 and SCO2 were expressed in all
tissues examined, with a relatively uniform distribution for
SCO2. For SCO1, however, besides a generally uniform
level of immunostain in the “bulk” tissue, we consistently
observed intense signals in the vasculature, which ap-
peared to be negative for SCO2 signals (Figure 3). Be-
sides strong signals in the blood vessels of the heart,
liver, kidney, and brain, and the portal veins and the
sinusoids of the liver, we also observed extremely intense
staining of glomeruli in the kidney. The glomerular stain-
ing was presumably also localized to blood vessels, be-
cause these structures contain numerous capillaries.20

The immunohistochemical results were confirmed with
additional antibodies raised against other epitopes in
SCO1 and SCO2 (not shown).

Localization of SCO1 and SCO2 within the
Vasculature

To investigate more precisely the location of SCO1 and
SCO2 within the vasculature, we examined the pattern of
immunofluorescence in heart, liver, and kidney at higher
magnification (Figure 4A). In all three tissues, we ob-
served immunostain for SCO1 in the vascular smooth
muscle but much more intense immunostain in the endo-
thelia (Figure 4A). In an artery from skeletal muscle,
SCO1 was again expressed in both smooth muscle and
endothelial cells, but at high magnification we observed
more immunostain in the luminal portion of the intima
(Figure 4B). Analysis of frozen sections of aorta from
human (Figure 4C) and mouse (data not shown) showed
SCO1 immunostain in both the smooth muscle and the
endothelial cells, with a somewhat greater staining inten-
sity in the latter (Figure 4C, top center panel), whereas
the signal for SCO2 was elevated only slightly above
background (Figure 4C, compare bottom center and
right panels). Consistent with the immunohistochemical
results, Western blotting of crude mitochondria from hu-
man aorta showed a much stronger signal for SCO1
compared with that for SCO2, which was virtually unde-
tectable (Figure 4D). Taken together, these results indi-
cate that, compared with SCO2, SCO1 is expressed pref-
erentially in both the smooth muscle and endothelial cells
of blood vessels, but the degree of expression in these
two vascular compartments can vary among tissues.

Immunolocalization of SCO1 and SCO2 in Early
Development

In an analysis of Sco2-mutated mice, we recently showed
that Sco2 is required for early mouse development, as

Figure 2. SCO expression in human muscle. A: Immunofluorescence to
detect SCO1 (top panels) and SCO2 (bottom panels); control immuno-
staining was performed in the absence of the respective primary antibodies
or with a blocking peptide, as indicated. Note greater expression of both
proteins in type I versus type II fibers and the expression of SCO1 but not
SCO2 in endomysial blood vessels (arrows) (n � 7 experiments). B: In situ
hybridization in human muscle with SCO1 and SCO2 antisense and sense
(control) probes. Note the preferential expression in blood vessels of SCO1
mRNA (arrows), and the apparent absence of SCO2 mRNA (n � 2).
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ablation of Sco2 resulted in early embryonic lethality,
before day 8.5 post coitum.21 To investigate further
whether Sco1 is also expressed during early gestation,
we used immunohistochemistry to detect both Sco1 and
Sco2 in early embryos at the blastocyst stage (3.5 days
post coitum) (Figure 5). We detected both Sco1 and Sco2
proteins at this stage of development. These results high-
light the importance of both proteins for early develop-
ment and also imply that Sco1 and Sco2 have nonover-
lapping functions at this developmental stage, because
Sco1 could not rescue the lethality attributable to loss of
Sco2.21

Discussion

We have shown here that although both SCO1 and SCO2
are expressed essentially ubiquitously in all tissues we
examined, there is a differential expression pattern for the
two proteins, both at the transcriptional and translational
level, in humans and in mice. Most strikingly, we found
that SCO1 has an unexpected differential pattern of ex-
pression for a mitochondrial protein, namely in the vas-
culature. For example, in muscle, although SCO1 protein
was present at low levels in all muscle fibers, it was
located predominantly in the blood vessels, whereas
SCO2 was expressed almost exclusively in the muscle
fibers, with little evidence of any vascular expression (a
result that was also confirmed at the transcriptional level
by in situ hybridization). The vascular-specific pattern of
SCO1 expression compared with that of SCO2 was ob-
served in every adult tissue examined, including heart,
skeletal muscle, aorta, kidney, liver, and brain.

Many mitochondrial proteins have tissue-specific iso-
forms, including 5 of the 10 nucleus-encoded subunits of

COX (IV, VIa, VIb, VIIa, and VIII22,23), but in these cases
the tissue specificity is typically between a ubiquitously
expressed isoform and a tissue-specific isoform (ie, ex-
pression only in heart/muscle [eg, COX7A124], testis [eg,
COX6B225], or lung [eg, COX4I226]). In the case of SCO,
the “specificity” resides not among different tissues, but
within each tissue in the vasculature. Given the ostensible
role of the SCO proteins in COX assembly and copper
transport, one might have expected any potential tissue-
specific expression of SCO to fall along the muscle/
nonmuscle divide (as an example). However, this was not
the case, because both genes are expressed ubiqui-
tously in all tissues, but with different degrees of expres-
sion within each tissue (ie, SCO1 versus SCO2 in the
vasculature). We note that a standard Northern blot anal-
ysis of RNA derived from whole tissues would not be able
to distinguish vascular from nonvascular expression of
SCO1 versus SCO2, because the RNAs prepared from
these tissues contain messages derived from both the
cell bodies and the interstitial blood vessels.

As noted above, aside from the predominance of Sco1
in the vasculature, Sco1 and Sco2 proteins were ex-
pressed at similar levels in most mouse tissues, with two
notable exceptions: Sco1 was present at much higher
levels than Sco2 in liver, whereas the reverse was true in
skeletal muscle. This skewing of the expression of the two
proteins might explain, at least in part, why patients with
SCO1 mutations have significant liver involvement,17,27

whereas those with SCO2 mutations have cardiac/mus-
cle involvement.5 Moreover, the observed levels of SCO2
protein in brain and muscle also correlate with the phe-
notype in patients with SCO2 mutations.5 Perhaps in hu-
man liver, low levels of SCO2 cannot compensate for the
loss of SCO1, whereas in human heart and muscle low

Figure 3. Immunostaining of the indicated human tissues to detect SCO1 and SCO2 (alkaline phosphatase method for brain; immunofluorescence for the other
tissues); control immunostaining was performed in the absence of the respective primary antibodies (Figure 2A). Note the preferential expression of SCO1 in blood
vessels in all tissues examined (arrowheads), as well as in the kidney glomerulus (asterisk), which is highly vascularized. Note that it seems as if COX activity
is absent in the glomerulus; in fact, it is present, but at reduced levels compared with those in the surrounding tubules, because of the comparatively fewer
mitochondria in the glomerulus. This phenomenon has been observed by others.19 Also shown are H&E staining and histochemistry to detect COX activity
(n � 6).
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levels of SCO1 cannot compensate for the loss of SCO2.
In support of this idea, it has been shown that there is a
tissue-specific decrease in COX activity in patients with
SCO2 mutations, especially in muscle and brain.28 How-
ever, liver retained high residual levels of COX activity in

these patients,28 even though SCO2 is expressed at very
low levels in this tissue.

If this line of reasoning is correct, it would imply that the
two SCO proteins must have at least some degree of
functional overlap. On the other hand, our data on SCO
protein expression in embryos (Figure 5) and studies by
others14 indicate that the two proteins can have separate,
nonoverlapping functions. Moreover, a lack of comple-
mentation between the two proteins has also been re-
ported in cell culture, in which reduced copper levels and
COX activity due to mutations in either SCO1 or SCO2
could be suppressed by overexpression of SCO2 but not
by SCO1.29 Most likely the two proteins have only par-
tially nonoverlapping functions, with some degree of co-
operative behavior and functional overlap between
them,14 especially in cells in which both proteins are
expressed.

What might those nonoverlapping functions be? The
primary proposed function for SCO is as a copper chap-
erone for COX,30 and, in fact, addition of Cu to SCO2
patient cells rescued COX activity.31–33 However, a sec-
ond function for SCO might be as a redox sensor,8,12,29,34

as is the case for PrrC, the SCO homolog in the aquatic
organism Rhodobacter sphaeroides,35 which senses

Figure 4. SCO expression in blood vessels. A:
Immunofluorescence to detect SCO1 in the tis-
sues indicated. Note staining of both smooth
muscle (Sm) and endothelium (En), with more
intense staining of the latter (n � 6). B: Immu-
nohistochemical staining of human muscle for
SCO1 (immunoperoxidase method). Note pref-
erential staining of blood vessels (arrowhead
indicates a perimysial vessel; left panel). At
higher magnification (center panels), a vessel
shows staining of both the smooth muscle and
the endothelium, especially on the luminal side
(arrowhead). Control staining without first an-
tibody is at right. C: Immunostaining of human
aorta, showing H&E stain, histochemistry to de-
tect COX activity, and immunostaining to detect
SCO1 and SCO2, along with the respective con-
trols in the absence of first antibody, as indi-
cated. Note the more intense staining of SCO1
above background compared with that for SCO2
(n � 4). D: Western blotting to detect SCO1 and
SCO2 in cytoplasmic (C) and crude mitochon-
drial (M) fractions from human aorta compared
with heart (50 �g loaded in each lane); COX2
was used as the loading control. Note the virtual
absence of SCO2 in aorta, consistent with the
immunohistochemical results.

Figure 5. Analysis of mouse embryos (3.5 days post coitum). Histochemistry
to detect COX activity and immunohistochemistry to detect Sco1 and Sco2.
Note that the Sco2-stained embryo was folded over onto itself.
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changes in diurnal oxygen concentration to signal the
shift from photosynthesis to respiration. Although both
SCO1 and SCO2 may indeed transport copper, perhaps
SCO1 has an additional function in redox sensing, espe-
cially in the vasculature. The vascular localization and
structural similarity of SCO1 to the thioredoxin and per-
oxiredoxin protein families8,11,34 support the idea that
SCO1 might function not only as a copper chaperone but
also as a copper-binding redox-sensing protein. This could
explain why SCO1 is so abundant in the vasculature, where
oxygen levels are highly variable.34 On the other hand,
SCO1 could sense oxygen levels and act as a signaling
molecule to downstream targets that might, for example,
regulate the transcription or translation of COX subunits.

In summary, we have shown that the two SCO genes are
expressed ubiquitously in human and mouse tissues, but
protein levels vary among tissues, possibly explaining some
of the differences in the pathological conditions of patients
harboring SCO1 and SCO2 mutations. Furthermore, we
have shown that high levels of SCO1 protein localize to
the vasculature in all tissues examined, a novel and
unexpected location for a mitochondrial protein.
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