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Abstract

MTOT1, together with MSS7 and MTO2, is a gene involved in the pathway of encoding a mi-
tochondria-specific RNA-modifying enzyme related to the post-transcriptional modification
of mitochondrial tRNAs. We have previously shown that a mutation of the MTO2 or MSS1
gene can suppress the neomycin-sensitive phenotype of yeast carrying a mitochondrial
15S rRNA C1477G mutation. Here we report that a null mutation of MTO1 also can inhibit
the aminoglycoside-sensitivity of yeast carrying mitochondrial 15S rRNA C1477G mutation.
The C1477G mutation corresponds to the human 12S rRNA A1555G mutation. Yeast with
an mtDNA C1477G mutation exhibits hypersensitivity to neomycin and displays mitochon-
drial function impairment beyond neomycin treatment. When the mto1 null mutation and mi-
tochondrial C1477G mutation coexist, the yeast strain shows growth recovery. The deletion
of the nuclear gene MTO1 regulates neomycin sensitivity in yeast carrying the mitochondrial
15S rBRNA C1477G mutation. MTO1 deletion causes the expression levels of the key glyco-
lytic genes HXK2, PFK1 and PYK1 to become significantly up-regulated. The energy deficit
due to impaired mitochondrial function was partially compensated by the energy generated
by glycolysis. Being in the same pathway, the regulation of MTO1, MSS1 and MTO2 to the
neomycin-sensitivity of yeast showed difference in the growth activity of strains, mitochon-
drial function and the expression level of glycolytic genes.

Introduction

In both yeast and humans, the MTOI gene encodes an evolutionarily conserved protein which
works together with the proteins encoded by the MSS1 and MTO?2 genes to catalyze the biosyn-
thesis of 5-carboxymethylaminomethylation (mnm?s*U34) of the wobble uridine base in mt-
tRNAS", mt-tRNA™, and mt-tRNA™* [1,2]. This modification is important to the accuracy
and efficiency of mtDNA translation [2]. The mitochondrial 15S rRNA C1477G mutation cor-
responds to the human deafness-associated mitochondrial 12S rRNA A1555G mutation [3-5].
In humans, the hearing loss phenotype is related to nuclear modifier genes such as MTOI,
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MTO2 and MSSI, mtDNA mutations and to externally induced factors such as the use of Ami-
noglycoside antibiotics [6]. The mutation of nuclear modifier genes or the presence of Amino-
glycoside antibiotics can work together with mtDNA mutation to affect the function of
mitochondria. This has particular impact upon cells requiring lots of energy. However, the
penetrance of hearing loss in individuals carrying the mitochondrial 12S rRNA A1555G muta-
tion is variable, even after the treatment of Aminoglycosides [7].

Both the interaction of nuclear modifier genes with mtDNA mutations and the interaction
of Aminoglycoside antibiotics with mtDNA mutations have been previously studied. However,
the interaction of these three factors together remains poorly understood. In our previous
study, we found that the deletion of the MTO2 gene could significantly suppress the aminogly-
coside-sensitivity of the mitochondrial 15S rRNA C1477G mutation in Saccharomyces cerevi-
siae through the up-regulation of the glycolytic pathway [8]. The mssI mutation have impact
on the HAP5 gene and up-regulate the expression of glycolytic transcription factors RAPI,
GCRI, and GCR2 genes to affect the sensitivity of yeast to neomycin [9]. In the pathway cata-
lyzing the formation of the hypermodified base 5-mthyl-aminomethyl-2-thio-uridine
(mnm’s*U34) in the wobble position of tRNA, MTO2 is responsible for 2-thiolation of the
U34 nucleotide [2,11], while MTOI and MSS1 are responsible for the C5 substituent of the
modified uridine [10]. The interactions between MTO]I, the mitochondrial 15S rRNA C1477G
mutation and Aminoglycosides is still unclear.

The yeast carrying mtol null mutation expressed a respiratory deficient phenotype when co-
existing with the mitochondrial 15S rRNA C1477G mutation [12]. The C1477G mutation is lo-
cated at the decoding site (site A) of the ribosome where codon-anticodon recognition occurs.
Thus, the interaction between processed MTOI-dependent mt-tRNAs and ribosomal site A
may be impaired by mitochondrial 155 rRNA C1477G mutation and translation could be fur-
ther affected when coexisting a mtoI null mutation [13]. In addition, the highly conserved A
site is also the binding site of aminoglycoside antibiotics [14]. Aminoglycoside antibiotics in-
hibit ribosomal translocation where the peptidyl-tRNA moves from the A-site to the P-site,
thus affecting the elongation of the polypeptide chain in translation. Human mtDNA 128
rRNA A1555G mutation and Aminoglycoside antibiotics are well known as the determinant of
non-syndromic deafness [15].

To better understand the role of MTO1, we put the mtDNA 15S rRNA C1477G mutation,
mtol null mutation and neomycin together as a system to find the impact of their interaction
on the expression of phenotype. In our observation, the growth of MTO1(P®), carrying mito-
chondrial 15S rRNA C1477G mutation was significantly inhibited by the treatment of neomy-
cin. In the yeast strain mto1(P®), which coexisting the mtol null mutation and mitochondrial
15S rRNA C1477G mutation, the mitochondrial function was affected dramatically. After the
treatment of neomycin, mtol (PR) showed a much better growth activity than MTO! (PR). The
deletion of the nuclear gene MTOI seemed to regulate neomycin sensitivity in yeast carrying
the mitochondrial 155 rRNA C1477G mutation. In further study, the expression level of key
genes in glycolytic pathway of mto1(P®) were up-regulated. The energy generated from glycoly-
sis may compensate for the deficiencies in mitochondrial function and result in a phenotype
less sensitive to neomycin.

Materials and Methods
Yeast strains and culture condition

The original strains were of W303-1B strain (o, ade2-1, his3-1,15, leu2-3,112, trp1-1, ura3-1) as
MTOI(P®) (11) and M12-54 strain (a, ilv5, trp2 [p*, P454]) as MYO1(P®) (10). The mto1(P°)
strain (o, ade2-1, his3-1,15, leu2-3,112, trp1-1, ura3-1, mtol::HIS3) was generated from the
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MTOI1(P®) by the one-step gene disruption technique as described [12]. The mtol (P®) strain
(o, ade2-1, his3-1,15, leu2-3,112, mtol::HIS3 [P¥,s,]) was generated by crossing MTOI1(P®)
strain with mto1(P®) p° strain and sporulating diploids in this study.

All the strains were cultured in YPD medium consisting of 1% yeast extract, 1% peptone
and 2% glucose. Neomycin was prepared as 100mg/mL stock and then sterilized with a 0.22um
microfiltration membrane. The final working concentration of neomycin in the YPD medium
was determined according to the data from a minimal inhibitory concentration assay.

Minimal Inhibitory Concentration (MIC) Assay

The MIC assay was determined by the serial dilution method in liquid media. Yeast strains
were cultured in YPD overnight at 30°C. Then the cells were diluted to a starting optical density
0f 0.01 ODggp and incubated in the presence of 2-fold gradient dilutions of neomycin sulfate.
The MIC is defined as the minimal neomycin concentration at which the visible growth of
yeast cells was inhibited after overnight incubation.

Phenotype analysis and growth curve

Series dilutions (10* to 10%) of yeast cells were spotted onto YPD plates with and without ami-
noglycosides. The plates were then incubated at 30°C for 3 days and photographs were taken.
For growth curves, the yeast cells were cultured in liquid YPD medium only and YPD medium
with neomycin. The growth rate of yeast strains were determined by first diluting the cells to
0.01 ODggy, and then taking the samples to measure the optical density every 2 hours up to

20 hours.

Mitochondrial respiratory rate test

Rates of oxygen consumption in intact cells were determined by Seahorse XF96 Extracellular
Flux Analyzer, according to the manufacturer’s instructions. Yeast cells were cultured in liquid
YPD medium with and without neomycin. The cells were then harvested and seeded in pre-
coated Poly-D Lysine XF 96-well microplates (Sea-horse Bioscience) at 4x10°cells per well.
The cells were kept in 30°C during the detection. The mitochondrial respiratory rate is shown
as picomole oxygen per minute per cell (pmol/min/cell).

Mitochondrial membrane potential assay

After the treatment of neomycin, yeast cells were harvested and compared with yeast cells cul-
tured without neomycin. Cell pellets were suspended in 1 ml supernatant and incubated with
Rhodamine 123 (5mg/mL) for 20min at 30°C in a shaker. The cells were centrifuged and
washed with PBS for three times and then suspended in 20mL Phosphate Buffered Saline
(PBS). A Carl Zeiss 710 LSM microscope was used for the capture of images which showed the
mitochondrial membrane potential.

Northern blot analysis

Total cellular RNA was obtained using TRIzol (Invitrogen) from the midlog phase yeast cul-
tures (2.0x10”cells) according to the Manufacturer’s Instructions. Equal amounts (10pg) of
total RNA were fractionated by electrophoresis through a 1.5% agarose formaldehyde gel,
transferred onto a positively charged membrane (Amersham), and hybridized with a DIG-la-
beled CYTB RNA probe. RNA blots were then stripped and hybridized with DIG-labeled
COX1, COX2, ATP9, 155 rRNA and 21S rRNA probes, respectively. As an internal control,
RNA blots were stripped and hybridized with a DIG-labeled ACTIN probes. Other membranes
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were hybridized with a DIG-labeled HXK2, and then hybridized with DIG-labeled PFK1 and
PYKI1 probes after a striping. ACTIN probes had been used as an internal control.

Western blot analysis

Total protein was obtained using RIPA buffer from log phase yeast cells after the incubation
with and without neomycin. Equal amounts (50pg) of total protein were separated by
SDS-PAGE, and then transferred onto a PVDF membrane. According to the manufacturer’s
instructions, HXK and Tubulin (internal control) primary antibodies (Santa Cruz) and goat
anti-rabbit (or rabbit anti-goat) secondary antibody were hybridized. After that, ECL solution
(Santa Cruz) was used.

Statistical Analysis

All experiments were repeated at least three times and the representative data were presented
as means+SD. One-way analysis of variance (ANOVA) was performed to determine the signif-
icance between groups.

P<0.05 was considered as statistically significant: *(P<0.05), **(P<0.01).

Results
MIC analysis

Four yeast strains with different genetic backgrounds were used for MIC analysis. The assay
was determined by the serial dilution method in liquid media. Four strains showed different
ICyq values: MTOI (P®) 128ug/mL, mtol (P®) 64ug/mL, MTOI (P®) 32ug/mL, mtol (P®)
64pg/mL (Fig 1). These showed that the four strains had different sensitivities to neomycin.

It’s known that the change of the intake of neomycin and the expression of neomycin resis-
tance genes, such as NEOI, could affect the neomycin resistance of yeasts. Our results showed
that the intake of neomycin of four strains had no significant difference (S1 Fig). Northern-blot
assay also showed that four yeast strains had similar expression level of NEOI before and after
the treatment of neomycin (S2 Fig). These results suggested that the neomycin intake and neo-
mycin resistance gene expression would not be the reason of different sensitivity to neomycin
in these four strains.

Phenotype of yeast strains with/without neomycin

To understand the interaction of the nuclear modifier gene MTOI, the mitochondrial rRNA
mutation and aminoglycoside antibiotics, yeast strains carrying mitochondrial 15S rRNA
C1477G mutation and/or nuclear mtol null mutation were cultured in YPD medium and
YPD medium containing neomycin. Both spot assay and growth curves were used for this
comparison.

From the results, all four strains with different genetic backgrounds showed normal growth
on YPD medium (Fig 2A). After adding 300ug/mL neomycin in the YPD medium, the growth
of the strain MTO1 (P¥), which carrying mitochondrial 158 rRNA C1477G mutation, was af-
fected significantly (100% inhibition). However, the strain mto1(P"), which carrying both mtol
null mutation and mitochondrial 15S rRNA C1477G mutation, showed a much better growth
activity (Fig 2C). The P® strains, whose mitochondrial 15S rRNA had no mutation, showed no
susceptibility to the treatment of neomycin. There was no significant difference between
MTOI1(P%) and mtol(P®) in spite them having a different nuclear background.

The results of the yeast growth curve in liquid media confirmed this result by spot assay (Fig
2B and Fig 2D). These four strains showed similar growth curves during culture in a YPD
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Fig 1. MIC analysis. The ICqo was determined by the serial dilution method in liquid media. The ICqq is defined as the neomycin concentration at which the
growth of yeast cells is inhibited by 90%.

doi:10.1371/journal.pone.0124200.g001

medium. While in YPD medium containing 32ug/mL neomycin, the P® strains entered into the
logarithmic phase after 6 hours’ incubation. The P strains entered into the logarithmic phase
after 10 hours’ incubation. The growth speed of mto1(PX) was much better than that of MTO1
(PR). These data indicates that the deletion of nuclear gene MTOI regulates neomycin sensitivi-
ty in yeast carrying the mitochondrial 15S rRNA C1477G mutation.

Mitochondrial function shown by mitochondrial respiratory rates

The mitochondrial respiratory rate is usually a symbol of mitochondrial function. The respira-
tory rates of the four strains were measured by detecting the rate of oxygen consumption with
Seahorse XF96 Extracellular Flux Analyzer (Fig 3). In YPD medium, the respiratory rate of
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(YPD). (B) Growth curves of yeast strains in YPD for 20 hours. (C) Spot assay of four yeast strains on YPD
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doi:10.1371/journal.pone.0124200.9002

wild-type strain MTO1(P®) was 0.315fmol/min/cell. A light impact on mitochondrial function
was shown in both the strains carrying the mtol null mutation and in those carrying the mito-
chondrial 158 rRNA C1477G mutation. The respective respiratory rates of mtol(P%) and
MTO1(PR) were similar to that of MTO1(PS). When the mtoI null mutation and mitochondrial
15S rRNA C1477G mutation coexisted, the respiratory rate of mtol(P®) was affected dramati-
cally to a level of 75% lower than the respiratory rate of M TOI(PS).

After the treatment with 32ug/mL neomycin, the respiratory rate of MTOI(P®) and mtol
(P®) had declined by 22% and 15% respectively. Neomycin had more of an impact on the mito-
chondrial function of the P® strains whose mitochondrial 158 rRNA had the C1477G mutation.
The respiratory rate of MTOI(P®) and mto1(P®) decreased by 63% and 45% respectively after
the treatment of neomycin. This result suggested that yeast cells carrying the mitochondrial
15S rRNA mutation were more sensitive to neomycin than yeasts with wild type mitochondria.

Mitochondrial Membrane Potential

The mitochondrial membrane potential is critical for maintaining the physiological function of
the respiratory chain to generate ATP. Thus, the detection of mitochondrial membrane poten-
tial can provide important clues about the physiological status of the cell and the function of
the mitochondria. In this Rhodamine 123 fluorescent dye can be used as an indicator.

In the YPD medium, MTO1(P%), mto1(P%) and MTOI(PY) showed a strong fluorescent sig-
nal. This indicates that they had a high mitochondrial membrane potential (Fig 4). The fluores-
cent signal of mto1(P®) was much lower, being only 27% of MTOI(P®). This is an indication
that the mutations, both in mtol gene and mitochondrial 15S rRNA, significantly affect the
function of mitochondria.
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Fig 3. Mitochondrial respiratory rate of yeast strains. Yeasts cultured in the medium with or without 32ug/ml neomycin were harvested in the log-phase.
The oxygen consumption rate of each yeast strain was measured using a FX-96 oxygraph (SeaHorse Biosciences). The cell density was 4x10°cells per well.
Values are the mean of three independent experiments. Data are represented as mean + SD. *: p<0.05. **: p<0.01.

doi:10.1371/journal.pone.0124200.9003

After culturing in the YPD medium containing 32ug/mL neomycin, the fluorescent signal
of MTO1(P®) and mto1(P®) slightly decreased. By contrast, the fluorescent signal of MTO1 (P®)
significantly decreased by 77% when compared to the cells without treatment of neomycin.
The mitochondrial membrane potential of mtol (P®) was much lower in the cells without treat-
ment of neomycin than the other three strains, and the fluorescent signal further decreased
after the treatment of neomycin. This change is visible and suggests that the mitochondrial
function of yeasts carrying the mitochondrial 155 rRNA mutation could be significantly affect-
ed by neomycin. After the treatment of neomycin, the mitochondrial function of mto1(P®) was
the weakest in the comparison set. This result is consistent with the results of the mitochondrial
respiratory rate test.

Transcription level of mitochondrial genes

Northern blot was used to show the impacts of the mtol null mutation, mitochondrial 15S
rRNA C1477G mutation and neomycin on the transcription level of mitochondrial genes. In
the absence of neomycin, the transcription levels of 158 rRNA in MTOI(P®) and mto1(P®)
were dramatically lower than those of the MTO! (P) strain (Fig 5A). The C1477G mutation
may impair the stability of 158 rRNA. However, the 155 rRNA transcript of mtol(P®) was also
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lower than MTO1(P®). This suggests that the mtol null mutation may have an impact on 15$
rRNA. The transcription of 21S rRNA showed no significant difference between the 4 strains
without neomycin. In the presence of neomycin, the transcription level of 155 rRNA and 218
rRNA in MTOI(P®) and mto1(P®) slightly decreased. mtol (P®) showed inhibited transcription
of 21S rRNA, however, neomycin didn’t show inhibitory effect on 15S rRNA in both of MTO1
(P?) and mtoI(P®) strains.

While in the genes CYTB, COX1, COX2 and ATPY, the four strains showed different expres-
sion levels (Fig 5B). Two P® strains showed strong transcription levels in these four genes. The
transcription of these genes slightly decreased upon the treatment with neomycin. The P
strains had normal mitochondrial function and the function was not significantly affected by
neomycin. When there is a mitochondrial 155 rRNA C1477G mutation, MTO1 (PR) showed a
weaker expression level than the P® strains, especially in COXI mRNA. COX1, as well as other
genes encoded by mitochondrial DNA, contains exons and introns, so there are RNA precur-
sors and mature mRNA could be detected. After the treatment of neomycin, the precursor of
COX1 was further reduced. The mitochondrial 15S rRNA C1477G mutation had some impact
on mitochondrial function and the function could be further affected by neomycin. When the
mitochondrial 155 rRNA C1477G mutation and MTO1 null mutation coexisted, the transcrip-
tion level of all four genes showed an obvious decline in mto1 (PR). Only a precursor of COX1
and very low levels of CYTB expression could be found. The mtol null mutation further affect-
ed the expression of mitochondrial genes and the maturation of COX1 and CYTB primary
transcripts when compared with MTO1(P®). After the treatment of neomycin, the transcrip-
tion level of CYTB and COX2, and the precursor of COX1 further decreased. The mitochondri-
al function was significantly affected.

Expression level of key genes in glycolytic pathway

Glycolysis is an important pathway which is related to ATP generation. In the glycolytic path-
way, the three regulated enzymes are hexokinase, phosphofructokinase, and pyruvate kinase.
Northern blot was used to detect the expression level of these three enzymes with Actin as the
internal control (Fig 6A).

Without neomycin, the four strains showed similar expression levels of PFKI and PYKI.
The mtol(P®) strain showed a weaker expression level of HXK2 when compared to the other
three strains. After the treatment with neomycin, the expression of mto1(P®) in HXK2 had dra-
matically increased by 225%. The other three strains showed no significant difference. In PFK1
and PYK1, the expression of mto1(PX) increased by 17% and 34% but the expression level of
MTOI1(P?) decreased.

To confirm this result, western blot was used to analyze the expression level of hexokinase,
the key enzyme in the glycolytic pathway (Fig 6B). When cultured in media without neomycin,
the hexokinase expression of four strains showed similar levels. After neomycin treatment, it
showed no impact on MTOI (P%) and mtol(P®) strains. However, the hexokinase expression of
MTOI1(P®) showed a decline. Only in mtol (P), did the hexokinase expression show a signifi-
cant increase where it rose by 46%.

To summarize, the MTOI(P®) strain with the mitochondrial 15S rRNA C1477G mutation
is sensitive to the effect of neomycin. Its mitochondrial function is significantly inhibited by
the treatment of neomycin. In the mto1(P®), the strain having both the mitochondrial 15S
rRNA C1477G mutation and mtol null mutation, glycolysis is up-regulated. This effect may be
a compensation for weak mitochondrial function leading to the observation that this pheno-
type is less sensitive to neomycin.
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Fig 6. Expression level of key glycolytic genes. (A) Northern blot analysis of HXK2, PFK1, PYK1, with ACT1 as the internal control. Quantitative analysis
is shown in the graph to the right. (B) Western blot analysis of Hexokinase, Tubulin as the internal control. Quantitative analysis is shown in the right graph.
Data are represented as mean + SD. *: p<0.05. **: p<0.01.

doi:10.1371/journal.pone.0124200.g006

Discussion

mto1 mutation activates the glycolytic pathway to affect the neomycin
sensitivity of yeast carrying the mitochondrial 15S rRNA C1477G
mutation

The mitochondrial 155 rRNA C1477G mutation is well-known to be related to a mitochondrial
dysfunction when coexisting with the null mutation of MTOI, MTO2 or MSS1 [5,18-20]. The
C1477G mutation locates at the decoding site (site A) of the ribosome where the codon-antico-
don recognition occurs [21]. The precise codon-anticodon pairing that occurs during transla-
tion also requires a post-transcriptional modification at the wobble position of the tRNA
[22,23]. This modification is known to be related to MTOI. Our results show a significantly de-
creased mitochondrial respiratory rate and mitochondrial membrane potential. This suggests
the mitochondrial function is significantly affected by the 155 rRNA C1477G mutation and
mtol mutation.

Our study also shows that yeast cells carrying the mitochondrial 15S rRNA C1477G muta-
tion exhibit hypersensitivity to neomycin, one member of the Aminoglycosides. As a compari-
son, the growth and the mitochondrial function of P® cells were not significantly affected by
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the treatment of neomycin. The mutation may change the structure of this position and have
further impact on the interaction with neomycin, whose binding site is in site A [24,25].

However, the effect of neomycin and the MTOI mutation did not work together with a 15S
rRNA C1477G mutation to further inhibit the viability of yeast cells. The mto1(P®) strain
showed less sensitivity to neomycin than the MTOI(P) strain. We observed that the transcrip-
tion levels of HXK2, PFK1 and PYKI in mtoI(P®) strains were more highly up-regulated than
MTOI(P®) strains. In this strain, the deletion of the MTOI gene may activate the glycolytic
metabolic pathway so that energy generated by the glycolysis pathway may compensate and
lessen the energy deficit due to impaired oxidative phosphorylation. The sensitivity to neomy-
cin in mtol(PR) strains are then decreased.

Comparison of the effect of MTO1, MTO2 and MSS1 genes involved in
the same pathway

Modified nucleosides are a characteristic structural feature of tRNAs. These post-transcription-
al nucleoside modifications are required for the stability and proper function of tRNAs [26,27].
The precise codon-anticodon pairing in translation requires a post-transcriptional modifica-
tion at the wobble position of the tRNA. MTOI, MSSI and MTO2 genes are involved in the
pathway of mitochondria-specific RNA-modifying enzymes which is related to the biosynthe-
sis of the wobble base. In Escherichia coli, two enzymes, MnmE (a homolog of MSS1) and GidA
(a homolog of MTO1I), form a protein complex for synthesizing cmnm5U [27-29]. In yeast,
MTOI and MSSI have been reported to be responsible for the C5 substituent of the modified
uridine which is the initial step of biosynthesis [2]. In this pathway, MTO2 was reported to be a
mitochondrial-specific 2-thiouridylase that is responsible for the 2-thiolation of the wobble po-
sition in human and yeast mt tRNAs [8].

In our previous study, yeast strains having mto2 or mss1 null mutations together with the
mitochondrial 155 rRNA C1477G mutation showed decreased sensitivity to aminoglycosides.
Now we show that the mtol null mutation also had significant impact on the neomycin sensi-
tivity of yeast carrying the 155 rRNA C1477G mutation. However, the phenotype of mto2 or
mss1 strains is different from that which had been previously observed in mtol strains, even
though these three genes occur in the same pathway. From the phenotype, the recovery of mssI
(P®) compared to MSSI(P®) is significant and mto2(P®) showed a much better growth activity
than MTO2(PR), and the last one is mtol(P®) compared to MTO! (P®).

When comparing the results of mitochondrial respiratory rates, a similar trend can be seen
in the yeast strains of MTOI, MTO2 and MSSI. Before the treatment of neomycin, MTO1 (PR),
MTO2(P®) and MSS1(P®) showed normal mitochondrial function. However, the mitochondri-
al respiratory rate of mtol (PR, mto2(PR) and mss1(PX) were 25%, 27% and 17% of those of
MTOI1(P%), MTO2(P®) and MSS1(P%), respectively. The combination of nuclear gene null mu-
tation and mitochondrial 15S rRNA C1477G mutation significantly affected the function of
mitochondria. When treated with neomycin, the mitochondrial respiratory rate of MTO1(P®),
MTO2(P®) and MSS1(P®) had decreased to only 35%, 30% and 43% of MTOI1(P®), MTO2(P®)
and MSS1(P®), respectively. The yeast strains carrying mitochondrial 15S rRNA C1477G muta-
tion showed a hypersensitivity to neomycin. The mitochondrial function of mto1(P"), mto2
(PR) and mss1(PR) were further affected, showing only 13%, 11% and 16% mitochondrial respi-
ratory rate of MTO1 (PS), MTO2(P®) and MSSI(P®) respectively.

In the study of the glycolytic pathway, the expression level of glycolytic genes HXK2, PFK1
and PYKI in MTO1(P®), MTO2(P®) and MSS1(PY) were decreased after the treatment of neo-
mycin. In mtol(PY), mto2(PR) and mss1(P®) strains, the decreased sensitivity to neomycin was
related to the activation of the glycolytic metabolic pathway. The energy generated by the
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glycolysis pathway was provided to the strains with impaired oxidative phosphorylation. How-
ever, the extent of the recovery of mtol (P®), mto2(P?) and mss1(P®) strains were not identical.
This may be due to their respective and relative expression levels of glycolytic genes. In mto1l
(PR), if the expression level of MTO1 (PS), without neomycin, was defined as 100%, the expres-
sion level of HXK2, PFK1 and PYKI were 33%, 101% and 67% before the treatment of neomy-
cin and increased to 105%, 119% and 101% after the treatment of neomycin, respectively. The
expression of HXK2 and PYK1 increased significantly. In mto2(P®), taking the expression level
of MTO2(P®) without neomycin as 100%, the expression level of HXK2, PFK1 and PYKI were
88%, 69% and 110% before the treatment of neomycin and increased to 166%, 146% and 166%
after the treatment of neomycin, respectively. Here, the expressions of all three genes were no-
tably increased. However, the recovery of mto2(P®) was much better than that of mto1(P")
from this phenotype. In mss1(P®), taking the expression level of MSS1(P®) without neomycin
as 100%, the expression level of HXK2, PFK1 and PYKI were 102%, 110% and 109% before the
treatment of neomycin and 72%, 157% and 98% after the treatment of neomycin. Here the ex-
pression of PFK1 had increased. This differed from the case of mto1(P®) whose expression lev-
els of HXK2 and PYKI were increased. The recovery of mss1(P®) in the phenotype was the
best. This was also believed to be related to the expression of HAP5 which could up-regulate
the expression of glycolytic transcription factor.

The expression level of Hexokinase also showed some differences in three strains. The ex-
pression level of mto2(P®) compared to MTO2(P®) was higher than mtoI(P®) compared to
MTO1(P%). In addition, mss1(P®) failed to show any higher expression level of Hexokinase.
This result, taken from proteins, was consistent with the RNA expression level observations.
These results are a sign that these three genes have different functions, despite occurring in the
same pathway.

MTOI encodes an enzyme involved in the post-transcriptional modification of mitochon-
drial tRNAs. Thus, MTOLI is related to the accuracy and efficiency of mtDNA translation. In a
study of deafness, the MTOI gene was defined as one nuclear modifier gene which interacted
with other factors, such as mitochondrial mutations, to affect the deafness phenotype. Another
study has shown that MTO1I mutations are associated with a mitochondrial disorder character-
ized by hypertrophic cardiomyopathy, lactic acidosis, and MRC deficiency [16]. Recently, the
MTOI gene was also reported to play a role in breast cancer tissues and cells [17]. This indi-
cates that the function of the MTOI gene may be more complicated than previously consid-
ered. Though our study also gives a new insight into the function of MTOI, further work is
required to continue to investigate the mechanisms underlying the enzymes MTOI encodes or
the enzymatic pathway as it relates to mitochondria.

Supporting Information

S1 Fig. Intake of neomycin. An aminoglycoside hypersensitive E.coli strain TOP10 (Invitro-
gen) was used to test the residual antibiotic concentration in the YPD media. The YPD medium
with neomycin was collected after the treatment of four strains. The residual concentration of
agent was read from an aminoglycoside standard curve (R2 = 0.99).

(TTF)

S2 Fig. Expression level of NEO1. Northern blot analysis of NEO1, with ACT1 as the internal
control. Quantitative analysis is shown in the graph to the right. Data are represented as

mean + SD.

(TIF)

PLOS ONE | DOI:10.1371/journal.pone.0124200 April 21,2015 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124200.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124200.s002

@’PLOS | ONE

MTO1 Modulates Neomycin-Sensitivity of C1477G Mutation

S1 Materials and Methods.
(DOCX)

Acknowledgments

We thank Professor Min-Xin Guan at College of Life Science, Zhejiang University for mentor-
ing and supporting. We thank Chris Wood of the College of Life Sciences, Zhejiang University
for the checking of the English of this manuscript.

Author Contributions

Conceived and designed the experiments: Xiaoyu Zhu Xufen Zhu QY. Performed the experi-
ments: Xiaoyu Zhu XH WW QZ ZY YD Xufen Zhu. Analyzed the data: Xiaoyu Zhu Xufen
Zhu QY. Wrote the paper: Xiaoyu Zhu Xufen Zhu QY.

References

1. WangX, Yan Q, Guan MX. Combination of the loss of cmnm®U34 with the lack of s?°U34 modifications
of tRNALys, tRNAGIu, and tRNAGIn altered mitochondrial biogenesis and respiration. J Mol Biol. 2010;
395: 1038-1048. doi: 10.1016/j.jmb.2009.12.002 PMID: 20004207

2. Umeda N, Suzuki T, Yukawa M, Ohya Y, Shindo H, Watanabe K, et al. Mitochondria-specific RNA-
modifying enzymes responsible for the biosynthesis of the wobble base in mitochondrial tRNAs. J Biol
Chem. 2005; 280: 1613—1624. PMID: 15509579

3. LiX, Guan MX. A human mitochondrial GTP binding protein related to tRNA modification may modulate
phenotypic expression of the deafness-associated mitochondrial 12S rRNA mutation. Mol Cell Biol.
2002; 22:7701-7711. PMID: 12370316

4. LiX, LiR,Lin X, Guan MX. Isolation and characterization of the putative nuclear modifier gene MTO1 in-
volved in the pathogenesis of deafness-associated mitochondrial 12S rRNA A1555G mutation. J Biol
Chem. 2002; 277: 27256-27264. PMID: 12011058

5. YanQ,LiX, Faye G, Guan MX. Mutations in MTO2 related to tRNA modification impair mitochondrial
gene expression and protein synthesis in the presence of a paromomycin resistance mutation in mito-
chondrial 15S rRNA. J Biol Chem. 2005; 280: 29151-29157. PMID: 15944150

6. Guan MX. Mitochondrial 12S rRNA mutations associated with aminoglycoside ototoxicity. Mitochondri-
on 2011; 11:237-245. doi: 10.1016/j.mit0.2010.10.006 PMID: 21047563

7. QianY, Guan MX. Interaction of aminoglycosides with human mitochondrial 12S rRNA carrying the
deafness-associated mutation. Antimicrobialagents and chemotherapy 2009; 53: 4612—-4618. doi: 10.
1128/AAC.00965-08 PMID: 19687236

8. HeX, Zhu X, Wang X, Wang W, Dai Y, Yan Q. Nuclear modifier MTO2 modulates the aminoglycoside-
sensitivity of mitochondrial 15S rRNA C1477G mutation in Saccharomyces cerevisiae. PLoS One.
2013; 8:e81490. doi: 10.1371/journal.pone.0081490 PMID: 24339937

9. ZhouQ,WangW, He X, Zhu X, Shen Y, Yu Z. et al. Mechanistic study on the nuclear modifier gene
MSS1 mutation suppressing neomycin sensitivity of the mitochondrial 15S rRNA C1477G mutation in
Saccharomyces cerevisiae. PLoS One. 2014; 9: €90336. doi: 10.1371/journal.pone.0090336 PMID:
24595024

10. Decoster E, Vassal A, Faye G. MSS1, a nuclear-encoded mitochondrial GTPase involved in the ex-
pression of COX1 subunit of cytochrome c oxidase. J Mol Biol. 1993; 232: 79-88. PMID: 8392589

11.  Colby G, Wu M, Tzagoloff A. MTO1 codes for a mitochondrial protein required for respiration in paromo-
mycin-resistant mutants of Saccharomyces cerevisiae. J Biol Chem. 1998; 273: 27945-27952 PMID:
9774408

12. YanQ,Li X, Faye G, Guan MX. Mutations in MTO2 related to tRNA modification impair mitochondrial
gene expression and protein synthesis in the presence of a paromomycin resistance mutation in mito-
chondrial 15S rRNA. J Biol Chem. 2005; 280: 29151-29157. PMID: 15944150

13. Wang X, Yan Q, Guan MX. Mutation in MTO1 involved in tRNA modification impairs mitochondrial RNA
metabolism in the yeast Saccharomyces cerevisiae. Mitochondrion. 2009; 9: 180-185. doi: 10.1016/.
mit0.2009.01.010 PMID: 19460296

14. Do H, Robert R. Aminoglycoside binding to human and bacterial A-Site rRNA decoding region con-
structs. Bioorganic Medicinal Chemistry. 2001; 9: 2601-2608. PMID: 11557348

PLOS ONE | DOI:10.1371/journal.pone.0124200 April 21,2015 13/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124200.s003
http://dx.doi.org/10.1016/j.jmb.2009.12.002
http://www.ncbi.nlm.nih.gov/pubmed/20004207
http://www.ncbi.nlm.nih.gov/pubmed/15509579
http://www.ncbi.nlm.nih.gov/pubmed/12370316
http://www.ncbi.nlm.nih.gov/pubmed/12011058
http://www.ncbi.nlm.nih.gov/pubmed/15944150
http://dx.doi.org/10.1016/j.mito.2010.10.006
http://www.ncbi.nlm.nih.gov/pubmed/21047563
http://dx.doi.org/10.1128/AAC.00965-08
http://dx.doi.org/10.1128/AAC.00965-08
http://www.ncbi.nlm.nih.gov/pubmed/19687236
http://dx.doi.org/10.1371/journal.pone.0081490
http://www.ncbi.nlm.nih.gov/pubmed/24339937
http://dx.doi.org/10.1371/journal.pone.0090336
http://www.ncbi.nlm.nih.gov/pubmed/24595024
http://www.ncbi.nlm.nih.gov/pubmed/8392589
http://www.ncbi.nlm.nih.gov/pubmed/9774408
http://www.ncbi.nlm.nih.gov/pubmed/15944150
http://dx.doi.org/10.1016/j.mito.2009.01.010
http://dx.doi.org/10.1016/j.mito.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19460296
http://www.ncbi.nlm.nih.gov/pubmed/11557348

@’PLOS | ONE

MTO1 Modulates Neomycin-Sensitivity of C1477G Mutation

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Estivill X, Govea N, Barcelo E, Badenas C, Romero E, Moral L, et al. Familial progressive sensorineural
deafness is mainly due to the mtDNA A1555G mutation and is enhanced by treatment of aminoglyco-
sides. Am J Hum Genet. 1998; 62: 27-35. PMID: 9490575

Ghezzi D, Baruffini E, Haack TB, Invernizzi F, Melchionda L, Dallabona C, et al. Mutations of the mito-
chondrial-tRNA modifier MTO1 cause hypertrophic cardiomyopathy and lactic acidosis. Am J Hum
Genet. 2012; 90: 1079-1087. doi: 10.1016/j.ajhg.2012.04.011 PMID: 22608499

Kim TW, Kim B, Kim JH, Kang S, Park SB, Jeong G, et al. Nuclear-encoded mitochondrial MTO1 and
MRPL41 are regulated in an opposite epigenetic mode based on estrogen receptor status in breast
cancer. BMC Cancer. 2013; 13:502. doi: 10.1186/1471-2407-13-502 PMID: 24160266

Li R, Li X, Yan Q, Jun Q, Guan MX. Identification and characterization of mouse MTO1gene related to
mitochondrial tRNA modification. Biochimica et Biophysica Acta 2003; 1629: 53-59. PMID: 14522080

Wang X, Yan Q, Guan MX. Deletion of the MTO2 gene related to tRNA modification causes a failure in
mitochondrial RNA metabolism in the yeast Saccharomyces cerevisiae. FEBS Lett. 2007; 581: 4228—
4234. PMID: 17706197

Bykhovskaya Y, Mengesha E, Wang D, Yang H, Estivill X, Shohat M, et al. Phenotype of non-syndro-
mic deafness associated with the mitochondrial A1555G mutation is modulated by mitochondrial RNA
modifying enzymes MTO1 and GTPBP3. Molecular Genetics and Metabolism. 2004; 83: 199-206.
PMID: 15542390

Zhao H, Li R, Wang Q, Yan Q, Deng J, Han D, et al. Maternally inherited aminoglycoside-induced and
nonsyndromic deafness is associated with the novel C1494T mutation in the mitochondrial 12S rRNA
gene in a large Chinese family. Am J Hum Genet. 2004; 74: 139—-152. PMID: 14681830

Yim L, Moukadiri I, Bjork G, Armengod M. Further insights into the tRNA modification process controlled
by proteins MnmE and GidA of Escherichia coli. Nucleic Acids Research. 2006; 34: 5892-5905. PMID:
17062623

Moukadiri I, Prado S, Piera J, Velazquez-Campoy A, Bjork G, Armengod M. Evolutionarily conserved
proteins MnmE and GidA catalyze the formation of two methyluridine derivatives at tRNA wobble posi-
tions. Nucleic Acids Research. 2009; 37: 7177-7193. doi: 10.1093/nar/gkp762 PMID: 19767610

Qian Y, Guan M. Interaction of Aminoglycosides with human mitochondrial 12S rRNA carrying the deaf-
ness-associated mutation. Antimicrobialagents and Chemotherapy. 2009; 53: 4612—-4618. doi: 10.
1128/AAC.00965-08 PMID: 19687236

Vicens Q, Westhof E. Crystal structure of paromomycin docked into the eubacterial ribosomal decoding
A site. Structure. 2001; 9: 647—-658. PMID: 11587639

Cantara WA, Crain PF, Rozenski J, McCloskey JA, Harris KA, Zhang X, et al. The RNA Modification
Database, RNAMDB. Nucleic Acids Res. 2011; 39: 195-201.

Tsutomu S, Asuteka N, Takeo S. Human Mitochondrial tRNAs: Biogenesis, Function, Structural As-
pects, and Diseases. Annu Rev Genet. 2011; 45: 299-329. doi: 10.1146/annurev-genet-110410-
132531 PMID: 21910628

Meyer S, Wittinghofer A, Versees W. G-domain dimerization orchestrates the tRNA wobble modifica-
tion reaction in the MnmE/GidA complex. J Mol Biol. 2009; 392: 910-22. doi: 10.1016/j.jmb.2009.07.
004 PMID: 19591841

Moukadiri |, Prado S, Piera J, Velazquez-Campoy A, Bjork GR, Armengod ME. Evolutionarily con-
served proteins MnmE and GidA catalyze the formation of two methyluridine derivatives at tRNA wob-
ble positions. Nucleic Acids Res. 2009; 37: 7177-93. doi: 10.1093/nar/gkp762 PMID: 19767610

PLOS ONE | DOI:10.1371/journal.pone.0124200 April 21,2015 14/14


http://www.ncbi.nlm.nih.gov/pubmed/9490575
http://dx.doi.org/10.1016/j.ajhg.2012.04.011
http://www.ncbi.nlm.nih.gov/pubmed/22608499
http://dx.doi.org/10.1186/1471-2407-13-502
http://www.ncbi.nlm.nih.gov/pubmed/24160266
http://www.ncbi.nlm.nih.gov/pubmed/14522080
http://www.ncbi.nlm.nih.gov/pubmed/17706197
http://www.ncbi.nlm.nih.gov/pubmed/15542390
http://www.ncbi.nlm.nih.gov/pubmed/14681830
http://www.ncbi.nlm.nih.gov/pubmed/17062623
http://dx.doi.org/10.1093/nar/gkp762
http://www.ncbi.nlm.nih.gov/pubmed/19767610
http://dx.doi.org/10.1128/AAC.00965-08
http://dx.doi.org/10.1128/AAC.00965-08
http://www.ncbi.nlm.nih.gov/pubmed/19687236
http://www.ncbi.nlm.nih.gov/pubmed/11587639
http://dx.doi.org/10.1146/annurev-genet-110410-132531
http://dx.doi.org/10.1146/annurev-genet-110410-132531
http://www.ncbi.nlm.nih.gov/pubmed/21910628
http://dx.doi.org/10.1016/j.jmb.2009.07.004
http://dx.doi.org/10.1016/j.jmb.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19591841
http://dx.doi.org/10.1093/nar/gkp762
http://www.ncbi.nlm.nih.gov/pubmed/19767610


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


