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Cell death of human breast cancer cell line MCF-7/pDsRed2-Mito, caused by independent- or multi-
administration of three anticancer drugs, cyclophosphamide [CPA], doxorubicin [DXR], and 5-fluorouracil
[5-FU], was studied using fluorescence and electron microscopy. In our previous study using cell viability
assays, microscopic inspection of heterochromatin condensation, a DNA fragmentation assay, and flow
cytometric analyses, the death of MCF-7 cells was classified into two groups. The cell death induced by CPA
or 5-FU was classified as apoptotic, while the cell death induced by DXR treatment or a mixture of all three
anticancer drugs was classified as non-apoptotic. Here, we examined the morphology of the whole cell and
its organelles, including the mitochondria, using electron microscopy. Mitochondria are of particular interest
because they are the key organelle for the molecular apoptotic-death cascade. To monitor mitochondrial
morphology, we used our previously constructed MCF-7/pDsRed2-Mito line, generated by introducing the
pDsRed2-Mito® vector into MCF-7 cells. The mitochondria in these cells emit red fluorescence. We found
that the administration of DXR alone or of all three anticancer drugs together resulted in the clumping of
the red-fluorescent materials on both sides of the round dying cells, interrupted by the nucleus. Detailed
electron microscopic observation revealed that the novel morphology of the dying MCF-7 cells might be
owing, not to destruction of the mitochondrial membrane, but to the tight structure of the nuclear mem-
brane. Other anticancer drugs showed different, characteristic features in electron microscopic images,
which suggested that death induced by anti-cancer drugs in the human breast cancer cell line, MCF-7,
may result from any of a number of diverse processes.

1. Introduction

Cyclophosphamide [CPA], doxorubicin [DXR], and 5-
fluorouracil [5-FU] are among the most commonly used
anti-breast cancer drugs, and they are usually administered
together (Nagar 2010; Pal and Mortimer 2009; Perez and Muss
2005; Tokudome and Ito 2006). We previously studied the
molecular mechanism for the cell death induced in human breast
cancer by anticancer drugs. All three anti-cancer drugs men-
tioned above have long been recognized as “apoptosis-inducing”
drugs (Derenzini et al. 2009; Zhang and Aft, 2009; Perik et al.
2006; Végran et al. 2006). However, three assays that are typi-
cally used to generate evidence for apoptotic events (condensed
heterochromatin structure, DNA-ladder formation, and flow
cytometric analysis) showed that the actions of these drugs were
more complicated than expected (Kugawa et al. 2004b). Namely,
treatment with either CPA or 5-FU caused apoptotic cell death
in the human breast cancer cell line MCF-7. On the other hand,
treatment with the individual drugs CPA, DXR, and 5-FU or
their mixture (C + D + F) caused non-apoptotic cell death.

Before we performed these experiments, we choose buprenor-
phine hydrochloride (Bph), a clinically used analgesic, as the
positive control for an apoptosis-inducing drug in MCF-7
cells (Kugawa et al. 2004a, b). Interestingly, neither DXR nor
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C+D +F induced DNA ladder formation in the low-molecular-
weight range nor did they cause nuclear heterochromatin
condensation. Furthermore, the flow-cytometric analysis of
MCF-7 cells treated with DXR or C+D +F generated simi-
lar FACS cytograms that were completely different from the
cytograms for MCF-7 cells treated with CPA, 5-FU, or Bph
(the positive control; Kugawa et al. 2004b). These differences
in the dying cells’ characteristics led us to investigate the nature
of the MCF-7 cell death induced by DXR and C+D +F.
Mitochondria are key organelles in classic apoptosis (Green
et al. 2011; Martinou and Youle 2011; Wlodkowic et al. 2011;
Lemarie and Grimm 2011). Specifically, destruction of the
mitochondrial membrane potential is a trigger event for the
mitochondrial apoptosis pathway. The release of mitochondria-
originated cytochrome c¢ and/or SMAD/DIALBO activates
downstream caspases, such as caspase, 6, 7, and 9, which in
turn activate capase-3. We speculated that a close investigation of
mitochondrial structure might reveal clues to the different type of
cell death observed in DXR- and C + D + F-treated MCF-7 cells,
regardless of whether the induced cell death was apoptotic.

As a first step toward answering this question, we examined the
entire cell structure, especially focusing on the mitochondrial
morphology, in MCF-7/pDsRed2-Mito cells after administra-
tion of the three anticancer drugs and of Bph (as the positive
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control). Unlike with CPA and 5-FU administration, the charac-
teristic morphology of red-glowing mitochondria was observed
with DXR and C + D + F administration, as expected. Therefore,
we further investigated the detailed morphology of dying MCF-
7/pDsRed2-Mito cells using electron microscopy. The electron
microscopy images strongly suggested that the nuclear mem-
brane might be involved in the DXR- and C+ D + F-induced
form of cell death.

2. Investigations, results and discussion

2.1. Morphology of the mitochondrial structure and
nuclear membrane in intact MCF-7/pDsRed2-Mito cells

In our previous study (Kugawa et al. 2004a), to investigate
the role of mitochondria in Bph-induced cell death of the
human breast cancer cell line MCF-7, we constructed MCF-
7/pDsRed2-Mito cells by introducing the pDsRed2-Mito®
vector into MCF-7 cells. The pDsRed2-Mito® expression vec-
tor includes the DsRed2® red-fluorescing protein sequence
and a mitochondrial targeting sequence from subunit VIII
of human cytochrome ¢ oxidase (see Clontech’s home page;
http://www.clontech.com.) that causes the mitochondria in the
MCEF-7/pDsRed2-Mito cells to fluoresce red, under stimulation
with an IX-FLA® fluorescence device.

Fig. 1 shows the fluorescence images of intact MCF-7/pDsRed2-
Mito cells. The dot-like mitochondria were uniformly
distributed in the cytoplasm (Fig. 1-A). The electron micro-
scopic image showed a normal nucleus structure and cell
organellae, including the lysosome and mitochondria (Fig. 1-B).
Even at high magnification, x 20,000 (Fig. 1-C) and x 50,000
(Fig. 1-D), the cell membrane and mitochondrial membrane
were clearly intact.

2.2. Morphology of the mitochondrial structure and
nuclear membrane in Bph-treated MCF-7/pDsRed-Mito
cells

Fig. 2 shows both fluorescence and electron microscopic images
of Bph-treated MCF-7/pDsRed2-Mito cells, one day (D1) after
Bph treatment (Bph D1). The analgesic Bph was adopted as a
positive control for the physical destruction of mitochondria,
which is associated with apoptosis-like cell death in MCF-
7 cells (Kugawa et al. 2004a). After the administration of
100 M Bph, round cells that uniformly fluoresced red were
observed (Fig. 2-A). The DsRed2-Mito® protein has an N-
terminal mitochondrial targeting sequence from cytochrome ¢
oxidase subunit VIII. Thus, the uniform red fluorescence in the
MCF-7/DsRed2-Mito cells resulted when the complete destruc-
tion of the mitochondrial membrane released the cytochrome
c-conjugated DsRed2-Mito®into the cytoplasm.

Interestingly, unlike in the intact MCF-7/pDsRed2-Mito cell
image (Fig. 1-A), all of the cells we observed on Bph D1 were
“uniformly glowing round” (or UGR) cells, and the dark shape
caused by the nucleus near the center of the intact cells was not
observed at all (Fig. 2-A). One explanation for this observation
is that, by Bph D1, the nuclear membrane had been destroyed,
although the cell membrane remained intact. Alternatively, the
nucleus might have shrunk, and therefore become hidden by the
red-glowing cytoplasm. Or, third, the nuclear membrane may
have become leaky enough to allow the DeRed2-Mito® protein
to diffuse inside the nucleus. In our previous report (Kugawa
et al. 2004b), we observed Hoechst 33258 (which binds to DNA
and fluoresces blue)-stained MCF-7 cells, and found that nuclear
heterochromatin blebbing, a characteristic feature of apoptosis
(Galluzzi et al. 2007), had occurred by Bph D1. This is strong
supporting evidence for the final possibility above. Therefore,
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we conducted an electron microscopic observation and carefully
examined the nuclear structure (Fig. 2-B, 2-C, 2-D).

Bph D1 is a critical time for observing the apoptosis of MCF-
7 cells, because the apoptosis-like cell death caused by Bph
progresses so rapidly that almost no living cells can be seen at
Bph D2. In contrast, cell death progressed slowly when the cells
were treated with CPA, DXR, 5-FU, or C + D +F cells (Kugawa
et al. 2004b). Therefore, Bph D1 was chosen as the appropriate
sampling point for investigating the morphology of dying cells,
when using Bph as the positive control.

In the electron microscopy images of Bph D1 cells, the cell
membrane had maintained its structure (see arrow #1 in Fig. 2-B,
2-C). In contrast, the nuclear membrane was about to deterio-
rate (x 4,000, Fig. 2-B; x 7,000, cells at right in Fig. 2-C) or
visible deterioration had already begun (x 7,000, cell at left in
Fig. 2-C). In addition, only traces of mitochondrion fragments
were detectable in some samples (arrow #4 in Fig. 2-B and 2-
D), the nuclear structure was marked by condensed chromatin
(arrow #3 in Fig. 2-B, 2-C, and 2-D), an apoptosis characteris-
tic. Conclusively, in the Bph-induced UGR cells, the damage to
the mitochondria was so great that the mitochondrial contents
were strewn throughout the cytoplasm. In addition, the leaky
nuclear membrane apparently could no longer function as a bar-
rier between the cytoplasm and the nucleus, causing the UGR
fluorescent phenotype (Fig. 2-A).

2.3. Effect of individual or combined treatment of
MCEF-7/pDsRed2-Mito cells with anti-cancer drugs on the
distribution of red fluorescence

The cell death rate in the two days after the administration
of any of the three anticancer drugs was about 90% to 50%
(Kugawa et al. 2004b). Fig. 3 shows the morphology of the red-
glowing dying cells after the administration of anticancer drugs.
By conducting close observation of the cells, we recognized
three patterns of fluorescence distribution (Fig. 3): the UGR
cells, described above (Fig. 2), the “two separated glow” (or
TSG) cells, and the “irregular glowing” (or IG) shape. IG cells
were dominant in CPA D2 (Fig. 3-A) and 5-FU D2 (Fig. 3-C)
samples. We were particularly interested in the TSG cells’ novel
shape, which was dominant in the DXR D2 samples (Fig. 3-B).
A simple explanation of this characteristic feature is that COX
VIII enzyme from the mitochondria was actively distributed to
two opposite sites in the cell, or that some unknown structure in
the center of the cells interfered with DsRed2-Mito®’s uniform
distribution. Almost 90% of the cells in the DXR D2 sample
were TSG. The TSG cells were also dominant in the C+ D +F
sample at D2 (Fig. 3-D), with few IG cells. This was interesting,
because the cytotoxic effect of CPA and 5-FU can be masked by
DXR, which has an overwhelming cytotoxic effect in multiple-
drug administration (C + D +F). The effects of DXR were also
dominant over the effects of CPA and 5-FU in DNA ladder for-
mation, the DNA fragmentation assay, and FACS analysis in our
previous study (Kugawa et al. 2004b). For example, the FACS
cytogram of the C+D+F samples closely resembles that of
DXR (Kugawa et al. 2004b).

Thus, we next conducted electron microscopy experiments to
investigate the morphology of cells dying from the actions of
these anticancer drugs.

2.4. Electron microscopy of the IG cells observed in the
CPA D2 sample

The results of electron microscopy of the CPA D2 sample are
shown in Fig. 4. Some typical features were observed; i.e., the
cell membrane seemed to be intact (arrow #1, Fig. 4-A) or
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Fig. 1: Morphology of intact MCF-7/pDsRed2-Mito cells, A, Fluorescence image of intact MCF-7/pDsRed2-Mito cells (x 400 magnification). B, Electron microscopic image of

an intact whole cell (x 6,000). C, Electron microscopic image of mitochondria (x 20,000). D, Electron microscopic image showing part of a mitochondrial membrane
(x 50,000). N, nucleus; NL, nucleolus; L, lysosome; and Mt, mitochondria
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Fig. 2: Morphology of Bph-treated MCF-7/pDsRed2-Mito cells, A, Fluorescence image of Bph-treated MCF-7/pDsRed2-Mito cells (x 400). B, Electron microscopic image of a
whole Bph-treated cell (x 4,000). C, Electron microscopic images of nuclei from Bph-treated cells (x 7,000). D, Detailed view of the nucleus (x 20,000). Arrows: #1, cell
membrane; #2, nucleus; #3, condensed heterochromatin; #4, residue of destroyed Mt; and #5, an opening in the nucleus
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Fig. 3: MCF-7/pDsRed2-Mito cells after individual or combined treatment with the three anticancer drugs, Fluorescence images of MCF-7/pDsRed2-Mito cells treated with CPA
(A), DXR (B), 5-FU (C), or C + D +F (D). Magnitude is x400

L ———
Fig. 4: IG cells among the CPA-treated MCF-7/pDsRed2-Mito cells, A, B, and C, electron microscopic images of CPA-treated MCF-7/pDsRed2-Mito cells. A; x 5,000, B;
% 4,000, C; x 5,000. D is the same image as in Fig. 3-A, and shows fluorescent CPA D2 cells. Arrows #1, #2, #3, and #4 indicate cell membrane, nuclear membrane,
condensed heterochromatin, and large vacuoles, respectively. The arrows A, B, and C in panel D point out cells with the representative morphology of those shown in the
electron microscopy images in panels A, B, and C
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slightly damaged (arrow #1, Fig. 4-B, 4-C). Condensed hete-
rochromatin, which is a typical feature of apoptosis, was clearly
observed (arrow #3, Fig. 4-A, 4-B, and 4-C). However, the
nuclear membrane was partially damaged (arrow #2, in Fig. 4-B,
4-C) or had almost disappeared (Fig. 4-A). A likely explanation
for the variability in nuclear shapes is that the cells were in the
early phase of apoptosis at D2.

Another distinguishing feature of this CPA D2 sample is the
presence of many blebs and relatively large vacuoles in the
cell cytoplasm (arrow #4, Fig. 4-A, 4-B, and 4-C). This finding
is consistent with an earlier investigation by Yoon et al. using
epithelial cells from the rat thymus cortex (Yoon et al. 1997).
Similar structures were also slightly seen in the Bph D1 cells
(data not shown). These structures could represent a mixture of
first-stage cytolysis and kariolysis. Some structural damage to
mitochondria was observed, but its extent was less than that in
the Bph D1 samples (data not shown). Note the arrows A, B, and
C in panel D point out cells with the representative morphology
of those shown in the electron microscopy images in panels A,
B, and C.

2.5. Electron microscopy of the IG cells observed in 5-FU
D2 cells

In general, the 5-FU D2 cells seemed to have relatively rigid
cell membranes (arrow #1 in Fig. 5-A, 5-B), and the dying cells
retained their round shape (Fig. 5-D). The nuclear structures
showed variable morphology. Some had an irregular shape with
adeteriorating nuclear membrane (arrow #2 in Fig. 5-A). Others
appeared to have an almost intact nuclear membrane (arrow
#2 in Fig. 5-B). The arrows labeled A and B in panel Fig. 5-
D show representative cells with an irregularly shaped nucleus
those shown in the electron microscopy images in panels A and
B. Heterochromatin blebbing was also detected in these cells,
but it was less expansive than in other specimens such as Bph
D1 or CPA D2.

The mitochondrial structure showed an interesting feature. As
shown in Fig. 5-A (x 3,000) and Fig. 5-B (x 7,000), the mito-
chondria had obviously swelled and the cristae and lamellar
structure were hard to detect, even at x 15,000 magnification
(Fig. 5-C). This is the typical appearance of “swollen mito-
chondria” that have almost completely lost the mitochondrial
membrane potential (Shinohara et al. 1998, 2002; Klein et al.
2011). Therefore, a large portion of the mitochondrial internal
components had leaked into the cytosol, but the mitochondrial
membrane had managed to keep its structure. For this reason,
the 5-FU D2 cells exhibited an uneven fluorescence intensity in
their cytoplasm (Fig. 5-D), unlike the Bph D1 cells (Fig. 2-A).

2.6. Electron microscopy of the TSG cells observed in the
DXR D2 sample

The TSG (“two-separated glowing”) phenotype is obvious in
Fig. 6-D. With few exceptions, all the cells in the DXR D2
sample showed this feature. Fig. 6-A and 6-B shows relatively
low-magnification (A, x 4,000; B, x 6,000) electron micro-
scopic images of these cells. Both the cell and nuclear membrane
were clearly visible and intact, and the nucleus did not take up
a large volume in the cell. The nuclei also tended to be a bit off-
center, i.e., positioned more on one side of the cell (Fig. 6-A and
6-B). Some interesting features of the mitochondria were visi-
ble. First, most of the mitochondria were gathered on one side
of each cell (arrow #4 in Fig. 6-A and 6-B). Second, the mito-
chondrial structure had changed from the intact rod-like shape to
become round (Fig. 6-C). Third, the cristae and lamellar struc-
ture had disappeared; instead, small vesicles were present inside
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the mitochondria (arrow #5 in Fig. 6-C). Thus, some kind of
damage to the mitochondria had been caused by DXR. However,
at least by morphological observation, the damage was different
from that caused by Bph (compare the mitochondrial images in
Fig. 2 and 6). Peng et al. subtyped the mitochondrial structures
seen in CHO cells treated with different types of apoptosis-
inducing drugs (Peng et al. 2011). According to those authors,
there are six mitochondrial morphologies, and the typical mito-
chondriain Fig. 6-C could be classified as the “swollen globules”
type, a morphology that immediately precedes “mitochondrial
degradation.”

Taking all the above morphological observations into consid-
eration, we conclude that 1) in the DXR D2 samples, the
mitochondrial membrane was barely preserved, but its perme-
ability was substantially increased, allowing enzymes such as
COX VIII to leak into the cell cytoplasm. 2) The nucleus itself
became relatively bigger than in intact cells, but its membrane
seemed to retain its function, thus preventing the DsRed2-Mito®
protein from diffusing into the nucleus. The TSG phenotype,
therefore, is attributable to the intact nuclear membrane, which
causes the nucleus to appear as a dark structure that divides the
glowing cytoplasm.

2.7. Electron microscopy of the TSG cells in the
C+D +F D2 sample

For the C + D + F D2 sample, CPA, DXR, and 5-FU were simul-
taneously administered to the MCF-7/pDsRed2-Mito cells. A
possible outcome of the combined drug treatment was that the
cells’ morphology would reflect a mixture of the effects of the
individual drugs. For example, one third of the cells might show
features of the CPA D2 sample, another third might show fea-
tures of the 5-FU D2 sample, and the rest would resemble the
DXR D2 sample. However, almost more than 90% of the cells
were TSG cells. A representative microscopic field is shown in
Fig. 7-D . The arrows A and B indicate representative cells, with
the same morphologies as those shown in Fig. 7-A and 7-B. We
also reported the above-described phenomenon in other experi-
ments (Kugawa et al. 2004b). The most plausible explanation for
this phenomenon is that it reflects the difference in cytotoxicity
among the three anticancer drugs: DXR is the most cytotoxic,
5-FU is second, and CPA is third (Kugawa et al. 2004b).

The electron microscopic observation of the TSG cells revealed
a very different story (see Fig. 7-A, 7-B, and 7-C). Fig. 7-A
and 7-B shows TSG cells at x 4,000 and x 7,000 magnifica-
tion, respectively, in which very distinguishable vesicles or blebs
were easily detected (arrow #5). Such vesicles or blebs were
plentiful in the CPA D2 cells (Fig. 4), which appeared as IG
cells by fluorescence microscopy. Furthermore, the TSG cells
that were representative of DXR D2 cells did not show these
structures in the cytoplasm (see Fig. 6-A, 6-B); instead, they
had bleb-like structures in the mitochondria (see, Fig. 6-C).
The cell membrane of the C+D+F D2 cells appeared to be
intact (Fig. 7-A and 7-B), and the nuclear membrane somehow
managed to keep its structure (Fig. 7-A) or was near to break-
ing (Fig. 7-B). The heterochromatin condensation was clearly
observed in Fig. 7-B. In contrast, the damage to the mitochondria
was critical. In the relatively low-magnification images (x 4,000
in Fig. 7-A, x 9,000 in Fig. 7-B), the mitochondria were very
hard to distinguish from the blebs. In the high-magnification
image (x 30,000 in Fig. 7-C), the mitochondria were finally
detectable, but their structure was completely different from that
of intact mitochondria (arrow #4 in Fig. 7-C), in that they had
swollen into a round shape, and the interior structure had com-
pletely disappeared. In addition, the mitochondrial membrane
seemed to become thin. This characteristic mitochondrial mor-
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Fig. 5: IG cells observed in the 5-FU-treated MCF-7/pDsRed2-Mito cells, A, B, and C, show electron microscopic images of 5-FU-administered MCF-7/pDsRed2-Mito cells.
A; x 3,000, B; x 7,000, C; x 15,000 respectively. D is the same image as in Fig. 3-C, and shows fluorescent 5-FU D2 cells. Arrows #1, #2, #3, and #4 indicate cell
membrane, nuclear membrane, condensed heterochromatin, and mitochondria, respectively. Arrows A and B in panel D indicate representative cells of the morphology
shown in the electron microscopy images in panels A and B

Fig. 6: TSG cells observed in the DXR-treated MCF-7/pDsRed2-Mito cells, A, B, and C, show electron microscopic images of DXR-treated MCF-7/pDsRed2-Mito cells. A;
% 6,000, B; x 6,000, C; x 15,000 respectively. D is the same picture as shown in Fig. 3-B, showing fluorescent DXR D2 cells. Arrows #1, #2, #3, #4, and #5 indicate cell
membrane, nuclear membrane, condensed heterochromatin, mitochondria, and small vesicles in the mitochondria, respectively. A and C show the same specimen
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Fig. 7: TSG cells observed in C + D + F-treated MCF-7/pDsRed2-Mito cells, A, B, and C show electron microscopic images of cells treated with all three anti-cancer drugs
(C+D+F). A; x4,000, B; x 9,000, C; x 30,000 respectively. D is the same image as shown in Fig. 3-D, and shows fluorescent C + D + F D2 cells. Arrows #1, #2, #3, #4,
and #5 indicate cell membrane, nuclear membrane, condensed heterochromatin, mitochondria, and small vesicles in the cytoplasm, respectively. Arrows A and B in panel
D indicate representative cells of the kind shown in the electron microscopy images in panels A and B

phology would probably be classified as the “swollen globule”
type in Peng’s subtyping (Peng et al. 2011).

These observations suggest that the TSG cells in the C+ D+F
D2 sample were completely different from the TSG cells
observed in the DXR D2 sample. That is, even though the
morphology appeared identical by fluorescence microscopy, the
events occurring inside the MCF-7/pDsRed2-Mito cells were
different.

The present study focused on the morphology of dying human
breast cancer cells treated with clinically used anticancer drugs.
The dying cells expressed some typical apoptotic features under
electron microscopic observation. In 2007, the morphological
characterization of cell death was defined by the Nomencla-
ture Committee on Cell Death in Cell Death and Differentiation
(Galluzzi et al. 2007). According to their criteria, the CPA D2
and C+D+F D2 cell death might be classified as autophagic
cell death (type 2). The use of a cell line with constitutively red-
glowing mitochondria allowed us to observe the morphological
details of dying human breast cancer cells. This morphological
study may serve as the basis for molecular biology-based inves-
tigations of the dying mechanisms of cancer cells, which may
contribute to the development of future cancer chemotherapies.

3. Experimental

3.1. Cell culture and fluorescence observation

The MCF-7/pDsRed2-Mito cells are a subclone of the MCF-7 human breast
cancer cell line, and were described previously (Kugawa et al. 2004a). The
cells were cultured in Dulbecco’s Modified Eagle’s Medium (Nissui; Tokyo,
Japan) supplemented with 10% fetal bovine serum, 100 U/ml penicillin
(Meiji; Tokyo, Japan) and 100 pg/ml streptomycin (Meiji; Tokyo, Japan).
The cells were grown under 100% humidity in a 5% CO, incubator at 37 °C.
The morphological observation was conducted using an Olympus model IX-
70 inverted phase-contrast microscope (Olympus; Tokyo, Japan) equipped
with an IX-FLA fluorescence observation device.
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3.2. Cell death induction

The three anticancer drugs CPA, DXR, and 5-FU were added alone or in
combination to logarithmically growing MCF-7/pDsRed-2 Mito cells at a
final concentration of 500 pg/ml CPA, 5 ng/ml DXR, and 25 pg/ml 5-FU.
Bph, the positive control, was added to a final concentration of 100 uM
(from a 40% methanol stock solution). These concentrations were deter-
mined with reference to the clinical dosage as explained previously (Kugawa
et al. 2004b). Cell images were taken 1 day after drug administration (D1)
or D2, as described in the text. All chemicals used were superfine grade and
purchased from Sigma (MO, USA).

3.3. Transmission electron microscopy

MCEF-7/pDsRed2-Mito cells were incubated in fixative (4% glutaraldehyde
in 0.1 M cacodylate, pH 7.2) for 45 min at room temperature. The cells were
scraped off the plates and transferred to microcentrifuge tubes, spun down,
and washed with 0.1 M cacodylate buffer. Cells were prefixed in 1.0% OsOy4
with 0.1% potassium ferrocyanide until the pellet turned brown, washed
with 0.15M NaCl three times for 5min each, and then stained en-block
with 0.5% Mg uranyl acetate in 0.15M NaCl for 1h at room temperature.
Cells were washed with 0.15 M NaCl followed by a series of 10-min graded
ethanol washes. The pellet was mixed with 100% ethanol with Epon (2:1)
and incubated on a rotator for 24 h, changed to 100% ethanol with Epon
(1:1) for 8h, and then moved to pure Epon 16 h. Pellets were embedded
in Epon capsules for 48 h at 65 °C. Ultrathin sections were cut on a LKB
BROMMA Ultratome-V 2088 and stained with uranyl acetate and lead cit-
rate. Specimens were examined using a Hitachi H-800 transmission electron
microscope with real-time digital imaging.
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