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Abstract

The main purpose of this study was to determine whether enhancement of repair capacity would
attenuate mitochondrial DNA oxidative damage and result in greater cell survival under stressful
conditions. The repair of oxidative damage is initiated by DNA glycosylases, which catalyze the
excision of oxidized bases, such as 8-hydroxydeoxyguanosine (8-oxodG). Drosophila DNA
glycosylases, dOggl and RpS3, were ectopically expressed within the mitochondrial matrix in
Drosophila S2 cells, causing a severalfold decrease in the levels of 8-0xodG in mitochondrial DNA.
Unexpectedly, cells did not show increased resistance to oxidative stress, but instead became more
susceptible to treatment with hydrogen peroxide or paraquat. Even in the absence of oxidative
challenge, cells expressing RpS3 or dOgg1l in mitochondria exhibited increased apoptosis relative
to controls, as determined by flow-cytometric analysis of Annexin V and DNA degradation measured
by the Comet assay. Another notable finding was that ectopic expression of either dOggl or RpS3
in mitochondria increased cell survival after exposure to the nitric oxide donor SNAP. These results
suggest that ectopic expression of one of the constituents of the DNA repair system in mitochondria
may cause a perturbation in the base excision repair pathway and lower, rather than enhance,
survivability.
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It is widely accepted that cellular DNA is subject to considerable structural damage caused by
a variety of endogenous and exogenous agents, which if not repaired or erroneously repaired
may result in gene mutations, chromosomal aberrations, or modification of gene regulation,
among others. Mitochondrial DNA is believed to be particularly susceptible to oxidative
damage for several reasons, including its exposure to mitochondrially generated reactive
oxygen species, absence of association with histones, and limited DNA repair [1]. Alterations
such as fragmentation, rearrangements, deletions, and point mutations in mtDNA have been
quite extensively documented. Accrual of such lesions beyond a certain threshold has been
hypothesized to lead to functional attenuation and threaten cell survival. A combination of such
pathogenic events has also been hypothesized to be causal in the aging process [2]. Indeed, the
level of 8-hydroxydeoxyguanosine (8-oxodG), formed by the oxidative modification of
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deoxyguanine at the C-8 position, is ~3- to 16-fold higher in mitochondrial than in nuclear
DNA and has also been found to increase exponentially with age [3-6].

In metazoans, DNA damage is repaired via three distinct pathways: cell cycle arrest (often
referred to as DNA damage checkpoint), transcriptional induction, and DNA base excision
(BER) [7-9]. Oxidized bases, such as 8-oxodG, are thought to be repaired primarily by the
BER pathway [10], which is initiated by the hydrolysis of N-glycosyl bonds via DNA
glycosylases, resulting in the release of bases and appearance of apurinic/apyrimidinic (AP)
sites. The latter are cleaved by AP lyase or AP endonuclease, and the gap is closed by the
combined action of DNA polymerase and ligase [11]. In Drosophila, there are two enzymes,
dOggl and RpS3 [12,13], which possess glycosylase/AP lyase activity for the removal of 8-
oxodG. The latter enzyme has been shown to restore resistance to H,O, and MMS toxicity in
a DNA repair-deficient Escherichia coli mutant [14,15]. Heterologous expression of
Drosophila RpS3 has been previously demonstrated to enhance the removal of 8-oxodG in
human cells [16,17].

The main purpose of the present study was to determine whether oxidative damage to
mitochondrial DNA can be attenuated by the ectopic expression of DNA glycosylase/AP lyase
within the mitochondrial matrix. Specifically, stable Drosophila S2 transfectant cell lines,
expressing dOggl or RpS3 proteins in mitochondria, were generated and tested for DNA
damage and cell viability under normal and stressful conditions.

Materials and methods

Generation of Drosophila S2 cells expressing dOggl and RpS3 in the mitochondria

EST clone LD19945 containing a cDNA corresponding to the Drosophila dOggl gene in a
pBluescript vector and EST clone LD 47488 containing a cDNA corresponding to the RpS3
gene in a pOT2 vector were obtained from Research Genomics (Huntsville, AL, USA). The
22 amino-terminal codons of the Drosophila ornithine aminotransferase (OAT) gene, including
a putative mitochondrial presequence, was attached to the N-termini of the coding regions of
the dOgg1l and RpS3 genes, replacing the start codons, using a two-step splicing by overlapping
extension (SOE) PCR amplification approach. In the first set of reactions, PCR products
containing OAT and dOggl or RpS3 fusion sequences were generated. Primers for the
generation of the OAT-derived PCR product were 5'-
gatattggtaccatctATGTTCTCCAAGCTTTCCAC (F-OAT), 5'-
gtcggaaAGCCGCTTTTTGGGCC (R-SOE-dOgg), and 5-cgcattAGCCGCTTTTTGGGCC
(R-SOE-RpS3). Primers for the generation of the dOggl and RpS3 products were 5'-
GCGGCTaaggctgttttacaggatcg (F-SOE-dOgg), 5'-tagatatctagactttttagg (R-dOgg), 5'-
GCGGCTaatgcgaaccttcecgatttccaag (F-SOE-RpS3), and 5'-gtaaaactatctagacaaaactttcgec (R-
RpS3). The start codon is indicated by italic letters and Kpnl and Xbal restriction sites are in
bold. The part of the sequence corresponding to the OAT gene is indicated by capital letters.
PCR products were gel purified and used in a second set of reactions as shown in Fig. 1.

Stably transfected cell lines were generated according to standard procedures. Briefly, S2
Drosophila Schneider cells were maintained in complete DES Expression medium (Invitrogen)
supplemented with 10% FBS and 50 pg/ml penicillin/streptomycin (Cellgro). Cells were
transfected with 19 pg of plasmid DNA using the Calcium Phosphate Transfection Kit followed
by selection of stable transfectant cell lines according to the manufacturer's manual
(Invitrogen). After selection, cells were maintained in a DES medium containing 30 pg/ml
blasticidin. All cell lines were transferred to fresh medium every 3-5 days at 1:3-1:5 dilution
retaining one-third of the conditioned medium. Localization of recombinant OAT-dOgg1 and
OAT-RpS3 proteins in mitochondria was assessed by immunoblot analysis of isolated cell
fractions.
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Experimentally induced stress and cell viability

For viability assays, overnight cell cultures that reached 1 x 10 cells/ml density were exposed
to 20 mM hydrogen peroxide (Sigma), 10 mM paraquat (Sigma), or 1 mM S-nitroso-N-
acetylpenicillamine (SNAP) (Molecular Probes) and incubated at room temperature for
different durations. Cell viability was determined by staining with trypan blue (Invitrogen) and
assessed as a percentage of live cells to the total number of cells. A minimum of 100 cells were
counted in each experiment.

Preparation of mitochondrial fractions and immunoblot analysis

Mitochondria were isolated from 2 x 107 cells using the Mitochondria Isolation Kit (Pierce).
Protein lysates for immunoblot analysis were extracted from mitochondrial fractions by T-PER
Tissue Protein Extraction Reagent (Pierce) containing protease inhibitors (Roche). Protein
concentrations were determined by the Bio-Rad Protein Assay reagent (Bio-Rad) and 10 ug
of the protein extracts was then resolved by 10% SDS-PAGE followed by transfer to PVDF
membrane (Millipore). Immunoblots were probed with anti-VV5-HRP antibodies (Invitrogen)
or with antibodies raised against mitochondrial peroxiredoxin or cytosolic SOD, as described
previously [18], and visualized using the ECL+ Western blotting detection system (Amersham)
according to the manufacturer's instructions.

Preparation and analysis of mitochondrial DNA

Mitochondrial DNA was extracted from cells using the mtDNA Extractor CT Kit (Wako) and
dissolved in 100 pl of TE buffer. DNA hydrolysates for HPLC analysis were prepared as
described by Hamilton et al. [19]. Briefly, DNA samples (50-100 pg) were dissolved in 100
ul of 20 mM sodium acetate buffer and digested with 20 pg of nuclease P1 (Boehringer
Mannheim) for 11 min at 65°C. After digestion, DNA samples were treated with alkaline
phosphatase (Boehringer Mannheim) at 37°C for 1 h. For the evaluation of mitochondrial DNA
gaps, 5-10 pg of isolated DNA was incubated for 20 min at 65°C, samples were cooled to
room temperature, and NaOH was added to a final concentration of 0.1 N, followed by
incubation for 15 min at 37°C to cleave DNA at the sites of nucleotide gaps. Preparations were
loaded onto a 1% agarose gel and analyzed by densitometric scanning using the digital imaging
analysis system with AlphaEase Stand Alone Software (Alpha Innotech Corp., San Leandro,
CA, USA).

Apoptosis and flow cytometry

DNA laddering was evaluated by agarose-gel electrophoresis as described [18] previously. For
flow-cytometric analysis, 1 x 108 cells were plated and allowed to grow overnight, followed
by exposure to H,O», paraquat, or SNAP for specific lengths of time. Cells were pelleted and
washed twice with PBS and the number of cells undergoing apoptosis was determined using
the Annexin V-FITC Apoptosis kit (BD Pharmingen). Flow-cytometry analysis was performed
on a FACSCalibur apparatus (Becton—Dickinson), using FlowJo software.

Comet assay

Comet assay was performed using a Comet Assay Kit (Trevigen). Cells at the density of 1 x
108 cells/ml were grown overnight followed by exposure to exogenous stressors. Aliquots of
105 cells were washed twice with PBS and mixed with 0.5% low-melting-point agarose (Fisher)
in PBS at 37°C followed by immobilization on the Comet slides in duplicate. Gels were
solidified for 5-10 min at 4°C followed by 30 min immersion in a 4°C prechilled lysis buffer.
DNA was denatured for 30 min in alkaline buffer at room temperature. Slides were washed
twice for 5 min with 1x TBE followed by electrophoresis in a horizontal apparatus for 10 min
at 1 V/cm. Gels were fixed for 5 min in methanol, then for 5 min in ethanol, and allowed to
dry overnight. All subsequent steps were performed in the dark or under dim light. For

Free Radic Biol Med. Author manuscript; available in PMC 2010 March 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Radyuk et al.

Page 4

visualization, slides were stained with SYBR green dye (Molecular Probes) and pictures were
captured with a FITC filter using a fluorescence microscope (Nikon) and MetaMorph software.
The images of 50 randomly chosen individual cells per slide were captured and visually
classified into four categories according to nucleus integrity and tail migration (score 1, intact
nucleus, no DNA in the comet tail; score 2, some DNA in the comet tail; score 3, almost equal
amounts of DNA in the nucleus and in the comet tail; score 4, all DNA in the comet tail).

Statistical analysis

Results

All experiments were performed at least three times unless otherwise indicated. The results are
means + SD determined using STATISTICA or Microsoft Excel software.

Expression and subcellular localization of recombinant mt-dOggl and mt-RPS3

Subcellular fractions of the stably transfected cell lines expressing either recombinant dOgg1
or recombinant RpS3 proteins, containing the OAT leader peptide [20] targeted to the
mitochondrial matrix, were subjected to immunoblot analysis (Fig. 2).

The mt-dOgg1 was found to be exclusively located in the mitochondrial fraction, whereas the
mt-RpS3 was found in both cytoplasmic and mitochondrial fractions. Results of
immunocytological analysis, using FITC-labeled anti-V5 antibodies and MitoTracker red
(Invitrogen), were identical to those obtained from the immunoblots, demonstrating the
presence of mt-dOggl and mt-RpS3 recombinant proteins in the perinuclear region (data not
shown). To investigate the possibility that endogenous dOggl and RpS3 may have been down-
regulated by negative feedback, quantitative RT-PCR analysis was performed using primers
that allowed differentiation between endogenous and recombinant mRNA transcripts. No
differences were found in the levels of endogenous dOggl and RpS3 between the cells
expressing the OAT-containing genes and the control cells; the levels of recombinant dOggl
and RpS3 mRNAs were approximately 1.5- and 3-fold higher than the levels of the endogenous
genes (data not shown).

HPLC analysis of mitochondrial DNA

To determine the effects of dOggl or RpS3 overexpression on mtDNA oxidation, the levels
of 8-oxodG were measured in DNA preparations isolated from mitochondrial fractions using
HPLC analysis. As shown in Table 1, a 1.4- to 6.7-fold decrease in the 8-0xodG levels was
observed in samples from cells expressing dOggl or RpS3 in mitochondria, compared to
control. Similar effects were observed in transfectant cells exposed to oxidants, although the
levels of oxidized DNA were higher compared to untreated cells. Nevertheless, there were
severalfold differences in the levels of 8-0xodG between the transfectants and the control cells,
which was particularly evident after exposure to SNAP.

On the basis of these results, it can be concluded that the recombinant dOggl and RpS3
glycosylases targeted to the mitochondrial matrix are functional and that the 8-oxodG excision
in mt-dOgg1- and mt-RpS3-transfected S2 cells is more efficient than in control cells.

The effect of ectopic expression of dOggl and RpS3 in mitochondria on cell viability

To determine whether the ectopic expression of dOggl and RpS3 translates into enhanced
cellular survival after oxidative stress, cells were subjected to 20 mM hydrogen peroxide, 10
mM paraquat (superoxide anion donor), and 1 mM SNAP (nitric oxide donor), followed by
evaluation of cell viability by trypan blue exclusion (Fig. 3).
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Under unchallenged (normal) conditions, cells ectopically expressing either dOggl or RpS3

enzyme were as viable as the controls (95-100%). However, compared to the control cells, the
transfectant were more sensitive to H,O, and paraquat, but had higher viability when treated
with SNAP.

Incidence of apoptosis

To investigate further the effect of an increase in sensitivity to H,O, and paraquat, apoptosis-
associated DNA fragmentation was quantified in cells expressing RpS3 or dOgg1l in
mitochondria. No DNA degradation was observed in samples isolated from the untreated
control cells, but a typical internucleosomal fragmentation pattern was observed in untreated
dOggl and RpS3 transfectants (Fig. 4). We also observed an increase in DNA fragmentation
in mitochondrial preparations isolated from cells overexpressing dOggl or RpS3 compared to
control; however, we have not seen substantial differences in DNA laddering between
untreated cells or cells exposed to H,O,, paraquat, or SNAP.

The possible cause of the increase in sensitivity of the transfected cells to H,O, and paraquat
was investigated by the identification of cells approaching apoptosis, using flow cytometry
and staining with Annexin V-FITC and PI (Fig. 5).

Flow cytometry data revealed that a relatively greater fraction of dOggl and RpS3 transfectant
cells were shifted toward being Annexin positive compared to the controls. Consistent with
the survival data shown in Fig. 3, exposure of cells to 20 mM H,0, led to a dramatically higher
percentage of dead cells among dOggl or RpS3 transfectants than among the controls.
However, there were no significant differences between controls and experimentals in the
number of apoptotic and dead cells, after treatment with SNAP (Fig. 5).

Effects on DNA strand breaks

Single-cell gel electrophoresis (Comet assay) was used to compare DNA damage between
control and experimental cells. In untreated controls, viability was found to be about 95-100%.
The number of cells exhibiting DNA damage was higher in cell lines expressing mt-dOgg1 or
mt-RpS3 compared to controls (Fig. 6A). When cells were treated with SNAP for 24 h, other
than a marginal increase in the number of control cells at score 2 (cells showing a modest
degree of DNA damage), there were no substantial differences between cells ectopically
expressing DNA repair enzymes and the controls (Fig. 6C). Exposure of cells to paraquat
resulted in a dramatic increase in the number of cells exhibiting the highest degree of DNA
degradation (score 4) (Fig. 6B).

Discussion

The present study tested the idea that bolstering the mitochondrial DNA repair system by the
import of ectopic repair enzymes into the mitochondrial matrix will lower the level of DNA
oxidation, indicated by 8-oxodG, and thus enhance cellular survival under oxidative stress.
Accordingly, glycosylases dOggl and RpS3, which are involved in the excision of oxidized
bases such as 8-0xodG, the first step in the repair process, were ectopically expressed in
mitochondria. The import was achieved by the insertion of the mitochondrial targeting
sequence, OAT, into the glycosylases. This approach was previously used by us for the
transport of Drosophila catalase into the mitochondrial matrix [20]. HPLC analysis established
that overexpression of either dOggl or RpS3 resulted in significantly lower levels of 8-oxodG
in the mitochondrial DNA of the transfected cell lines. Despite the initial expectation that such
enhanced mitochondrial DNA repair capacity and the resultant decrease in the accumulation
of 8-oxodG would provide greater protection against oxidative stress, the susceptibility of the
stable RpS3 and dOgg1 transfectants to H,O, and paraquat treatment was found to have been

Free Radic Biol Med. Author manuscript; available in PMC 2010 March 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Radyuk et al.

Page 6

increased. However, cells ectopically expressing either dOggl or RpS3 in mitochondria
showed greater resistance to nitrosative stress, exerted by the nitric oxide donor, SNAP.

These observations are apparently in disagreement with the earlier reports suggesting that
ectopic expression of DNA repair enzymes in mitochondria alleviates oxidative stress-induced
DNA damage and thus enhances the resistance of cells to exogenous stressors. For instance,
the overexpression of mammalian Oggl in mitochondria protected against mtDNA damage
induced by xanthine oxidase as well as cell death [21]. Similar results were obtained by
targeting human 8-oxoguanine glycosylase to mitochondria [22]. In this case, there was not
only a significant enhancement in the repair of menadione-induced oxidative lesions in
mtDNA, but also a decrease in cytochrome c release and activation of caspase 9. Thus, cells
overexpressing Oggl were reportedly better protected from menadione-induced apoptosis.

Our investigation of the possible causes of the increased cell death indicated that under
unchallenged conditions, the number of cells undergoing apoptosis increased in cell lines
expressing RpS3 or dOggl in mitochondria, compared to the control cells, as indicated by the
characteristic DNA laddering effect (Fig. 4) and positive staining with Annexin V-FITC, a
sensitive probe for the identification of apoptotic cells (Fig. 5). Furthermore, the Comet assay
also showed an enhanced level of DNA strand breaks in the cell lines expressing the ectopic
enzymes (Fig. 6). We also explored other potential factors, such as levels of oxidative stress
that may contribute to the decrease in cell viability after ectopic expression of DNA repair
enzymes in mitochondria. We did not find any significant increase in the levels of 8-oxo-dG
in nuclear DNA preparations (data not shown), which may be an indicator of the shift to the
pro-oxidative state in cells overexpressing DNA glycosylases.

The shift toward a proapoptotic state and eventually cell death became more pronounced in
ectopic enzyme-expressing cells after treatment with H,O» or paraquat. This was, however,
not the case after SNAP treatment, in which no substantial differences were found in the number
of cells undergoing apoptosis between expressing and control cells, and only marginal effects
were observed using the Comet assay (Fig. 6). The cause of the shift toward an apoptotic state
in the cells stably expressing mt-RPS3 or mt-dOgg1 is unclear. A similar observation has been
made by Fishel et al. [23] in response to the import of N-methylpurine DNA glycosylase into
mitochondria, which resulted in apoptosis of a significant number of cells even in the absence
of any exogenous stressors. Because N-methylpurine DNA glycosylase lacks lyase activity, it
was postulated that one possible mechanism of the decrease in cell viability could be the
accumulation of AP sites that would lead to the increased probability of mutagenesis, disruption
of DNA replication, or some other detrimental event. Unlike N-methylpurine DNA
glycosylase, dOggl and RpS3 possess both glycosylase and AP lyase activity, which removes
the 8-0xodG, thereby leaving a one-nucleotide gap in DNA. The accumulation of such nicked/
gapped DNA could outstrip the resolving capacity of polymerases and/or ligases and this repair
deficit could serve as a potent inducer of apoptosis. Indeed, we observed more damage to
mitochondrial DNA in preparations isolated from cells expressing mt-dOggl and mt-RpS3
after treatment with paraquat, H,O,, or SNAP, relative to controls, as was assessed by gel
electrophoresis of samples treated with alkaline solution (data not shown). Thus, our data are
consistent with the hypothesis that the expression in mitochondria of one of the constituents
of the DNA repair system may cause a perturbation in the BER pathway and lead to cell death.
On this basis, it is possible to postulate that the positive effects observed in the mammalian
study involving Oggl could be due to a greater resolving capacity of the mammalian repair
system.

In the presence of oxidants, such as HoO5 or paraquat, cell death was more pronounced in cells
expressing dOggl and RpS3 in the mitochondria (Fig. 3). Reactive oxygen species, such as
the superoxide anion radical, hydrogen peroxide, and the hydroxyl radical, all can damage
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DNA bases and sugar residues and also cause strand breaks. It follows then that the exposure
of cells to oxidants further exacerbated the deterioration of mtDNA status.

The other significant finding in this study is that targeting the expression of RpS3 and dOgg1l
to mitochondria was associated with the attenuation of cytotoxicity caused by SNAP, an NO
donor. NO and/or peroxynitrite, which is formed by the reaction of NO with the superoxide
anion, can damage DNA by several different mechanisms. One of the common effects is the
conversion of guanine to 8-nitroguanine and 8-oxoguanine [24,25]. It is known that NO not
only causes oxidative DNA damage, but also directly inhibits the activity of DNA repair
enzymes [26]. The protective effects of Rps3 and dOggl expression after exposure to SNAP
might then be attributed to the alleviation of this inhibition. On the other hand, it is known that
at certain concentrations NO may inhibit apoptosis at several steps, further allowing the DNA-
damaged cell to survive (reviewed in Jaiswal et al. [27]). The beneficial effects of dOggl and
RpS3 expression on cell survival under nitrosative stress may then represent the net balance
between these factors.

In conclusion, ectopic expression of DNA glycosylases in mitochondria is able to reduce
significantly steady-state levels of 8-oxodG in both normal and stressed cells, but does not
confer greater resistance to oxidative stress. It would follow that targeting of additional DNA
repair factors to the mitochondria may be required to promote a balanced DNA repair capacity
and effectively enhance resistance, a possibility that is currently being explored.
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BER DNA base excision

AP apurinic/apyrimidinic sites
OAT ornithine aminotransferase
SNAP S-nitroso-N-acetylpenicillamine
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Fig. 1.

Generation of OAT-dOggl and OAT-RpS3 constructs. OAT sequence is shown as open bars,
and dOgg1l or RpS3 sequences are indicated as gray bars. The resulting PCR products were
digested with Kpnl and Xbal endonucleases and ligated into corresponding sites of the pMT/
V5-His vector (Invitrogen), allowing an inducible expression of the cloned genes, in frame
with the V5 epitope. Subsequently, the fused constructs were shuttled into the pIB/V5-His
vector (Invitrogen), permitting constitutive expression.
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Fig. 2.

Immunoblot analysis of cytoplasmic (C) and mitochondrial (Mt) fractions isolated from cells
expressing recombinant mt-dOggl and mt-RpS3 proteins. Cytoplasmic and mitochondrial
fractions (5 ug) were resolved by SDS-PAGE and subjected to immunoblot analysis. Signals
were obtained with anti-V5 antibodies and antibodies raised against mitochondrial
peroxiredoxin (mtPrx) and cytosolic CuZn-SOD proteins. These last two antibodies were used
to assess the specificity of the fractions.
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Fig. 3.

Viability of cells after HyO5, paraquat, and SNAP treatment. Cells were exposed to (A) 20 mM
H,0,, (B) 10 mM paraquat, and (C) 1 mM SNAP and percentage cell survival was determined
at various time intervals. The survival percentages are shown as the means + SD of three
separate experiments. The statistically significant differences (p < 0.05) are indicated by
asterisks.
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-+ - + - +

Control dOggt RpS3

Fig. 4.

DNA fragmentation analysis of mt-dOggl and mt-RpS3 cell lines. DNA preparations were
derived from control cells transfected with vector only and cells expressing dOggl or RpS3 in
mitochondria. Cells were untreated (—) or treated (+) with 20 mM H,0, for 6 h. DNA
degradation after exposure to paraquat is not shown.

Free Radic Biol Med. Author manuscript; available in PMC 2010 March 9.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Radyuk et al.

Page 14

Control RpS3 dOgg1

Non-treated
Pl

H,0,

Pl
10° 10" 107 10® 10* 10° 10" 1¢% 10° 10

SNAP
PI
109 10' 102 10° 104

10° 10" 102 10° 10¢ 10° 10" 10% 10% 10¢ 10° 10" 10% 10° 10°
Annexin Annexin Annexin

B C

Apoptosis Necrosis

o
|

100
& e
80 |

F-3
o
1

w
o
1
-]
(=]
1

L)
(=]
1

% Dead Cells
-3
Qo
1

% Apoptotic Cells

pry
(=1
L

20

RpS3 dOgg c RpS3 dOgg
ONT H202 [ SNAP Ont  FEdH202 [Esnap

Fig. 5.

Flow-cytometric analysis of apoptosis and necrosis in the RpS3 and dOgg1 transfectant and
control cell lines. (A) Dot plots of cells not treated and treated with H,O, and SNAP. Cells
that are undergoing apoptosis are Annexin V-FITC positive and Pl negative (lower right
quadrant). The dead cells produced through apoptosis are located in the right upper quadrant
and are Annexin V-FITC- and PI-positive. (B) The numbers of apoptotic cells, both live and
dead, are represented graphically. (C) The numbers of necrotic cells are represented
graphically. The results are means + SD of three to six independent experiments.
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Fig. 6.

Evaluation of DNA damage in control cell line and cell lines expressing mt-RpS3 and mt-
dOggl proteins by single-cell Comet assay. Frequency distribution of nuclei in four different
classes of increasing total DNA damage is shown (see Materials and methods). The mean
percentage values * standard deviation of the mean of three separate experiments are shown.
Statistically significant differences (p < 0.05) are identified by a star. (A) Untreated cells, (B)
cells treated with 10 mM paraquat for 24 h, or (C) 1 mM SNAP for 24 h.
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Comparison of 8-oxodG levels in mtDNA isolated from Drosophila cells expressing dOggl and RpS3 in

mitochondria

Cell line/treatment

8-Ox0dG/10° dG ratio

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Untreated
Control
RpS3
dOggl
Hydrogen peroxide
Control
RpS3
dOggl
Paraquat
Control
RpS3
dOggl
SNAP
Control
RpS3
dOggl

0.364 0.259
0.054 0.181
0.140 0.117

0.691
0.420
0.305

0.560
0.345
0.242

0.675
0.269
0.100

0.200
0.102
0.118

0.707
0.498
0.354

0.501
0.401
0.275

0.543
0.297
0.178

0.266
0.152
0.113

Samples were isolated from cells cultured under normal conditions and in the presence of 20 mM H202 for 6 h or 10 mM paraquat or 1 mM SNAP
for 24 h. The differences between controls and cells expressing mt-RpS3 or mt-dOgg1l were statistically significant (p < 0.03).
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