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Mitochondrial transcription termination factor 2 binds to entire mitochondrial

DNA and negatively regulates mitochondrial gene expression
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Mitochondrial transcription termination factor 2
(mTERF2) is a mitochondrial matrix protein that binds to
the mitochondrial DNA. Previous studies have shown that
overexpression of mTERF2 can inhibit cell proliferation,
but the mechanism has not been well defined so far. This
study aimed to present the binding pattern of mTERF2 to
the mitochondrial DNA (mtDNA) in vivo, and investigated
the biological function of mTERF2 on the replication of
mtDNA, mRNA transcription, and protein translation.
The mTERF2 binding to entire mtDNA was identified via
the chromatin immunoprecipitation analysis. The mtDNA
replication efficiency and expression levels of mitochon-
dria genes were significantly inhibited when the mTERF2
was overexpressed in HeLa cells. The inhibition level of
mtDNA content was the same with the decreased levels of
mRNA and mitochondrial protein expression. Overall, the
mTERF2 might be a cell growth inhibitor based on its
negative effect on mtDNA replication, which eventually
down-regulated all of the oxidative phosphorylation com-
ponents in the mitochondria that were essential for the
cell’s energy metabolism.
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Introduction

Oxidative phosphorylation (OXPHOS) is a highly coordi-
nated cellular process that is regulated by both nuclear
genome and mitochondrial genome. Mitochondrial DNA
(mtDNA) only encodes proteins of the OXPHOS com-
plexes but not any regulatory factors for the mitochondria
gene expression [1–4]. The nuclear genome encodes

mitochondrial regulatory proteins that enter the mitochon-
dria and regulate mitochondrial activities directly or
indirectly through regulating the expression of mitochon-
drial genes. Recently, several mitochondrial regulators
encoded by nuclear genome have been identified [5,6]. For
example, Yu et al. [7] have reported that the mitochondrial
transcription termination factor 4 (hMTERF4) knockdown
in HeLa cells results in sub-G1 cell accumulation and cell
death, which suggested that hMTERF4 may be probably
modulated by mitochondrial transcription to promote cell
proliferation. But how can they regulate mitochondrial
gene expression in vivo remains unclear.

mTERF2 belongs to mitochondrial transcription termin-
ation factor family, which shares 29% amino acid identity
and 52% protein similarity with mTERF1 [8]. mTERF2 is
a mitochondrial matrix protein associated with the inner
membrane [9], but its binding pattern on the mtDNA is still
a controversy. Evidence supports both the non-specific
mtDNA-binding [10,11] and the specific binding to the
heavy strand promoter (HSP) site when functioning as a
positive regulator of transcription [12]. mTERF2 protein is
localized in mitochondrial matrix [13] and binds to the
mtDNA [10–12], which suggests a role of mTERF2 in reg-
ulating the mtDNA replication or mitochondrial gene
transcription.

Hyvarinen et al. [11] have reported that overexpression
of mTERF2 results in the depletion of mtDNA copy
numbers and an accumulation of specific fragment of
mtDNA replication. Some researches suggested that the
mTERF2 would promote the mitochondrial gene transcrip-
tion [10], similar to the function of mTERF1 [8,14–19].
Based on these contradictory results, it is necessary to
further explore the effects of mTERF2 on mtDNA replica-
tion, transcription, and translation.

In order to identify the binding pattern of mTERF2 and
study the significance of the binding activity on the entire
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mtDNA, the mTERF2 binding sites on the mtDNA were
screened using chromatin immunoprecipitation (ChIP)
analysis, and the function of mTERF2 on mtDNA replica-
tion and mitochondria gene expression were also analyzed.

Materials and Methods

Cell culture, plasmids, and transfection
HeLa cells were kindly provided by Dr Guoyang Liao
(Institute of Medical Biology, Chinese Academy of
Medical Sciences, Kunming, China), and were maintained
in RPMI 1640 medium (Gibco-BRL, Gaithersburg, USA)
supplemented with 10% fetal bovine serum at 378C in 5%
CO2. The open reading frame of mTERF2 was cloned from
HeLa cells in our previous study and inserted into a
eukaryotic expression vector pcDNA3.1(þ) (Invitrogen,
Carlsbad, USA). The recombinant plasmid
pcDNA-mTERF2 and the control empty plasmid
pcDNA3.1(þ) were transfected separately into HeLa cells
with Lipofectamine 2000 (Invitrogen) reagent according to
the manufacturer’s instructions. The transfected cells were
used for the determination of DNA content, mRNA, and
protein levels.

ChIP analysis
Cells were cultured in a 10-cm dish to obtain as least 106

cells. Formaldehyde was added directly to culture medium
to a final concentration of 1%, and incubated for 10 min at
378C to cross-link the DNA–protein complex. Then the
medium was removed. Cells were washed twice with cold
phosphate-buffered saline (PBS) containing protease inhibi-
tors (1 mM phenylmethanesulfonyl fluoride, 1 mg/ml apro-
tinin and 1 mg/ml pepstatin A), and scraped into a micro
centrifuge tube. Then cells were harvested by spin at
2000 g at 48C for 4 min, resuspended in 200 ml sodium
dodecyl sulfate (SDS) lysis buffer and placed on the ice for
10 min. The genome DNA was sheared with deoxyribonu-
clease I (DNase I) at 378C for 1 h, and 0.5 M ethylenedia-
minetetraacetic aid (EDTA) was added to terminate the
reaction. Samples were centrifuged (13,000 g) for 10 min
at 48C, and the supernatant was transferred to a fresh tube.
An aliquot of the supernatant was used to extract DNA,
and the DNA digestion length was detected by 1% agarose
gel. The DNA fragments of around 1 kb were employed as
the input control.

The supernatant obtained above was diluted to 2 ml by
ChIP dilution buffer (containing protease inhibitors). In
order to reduce non-specific background, 2 ml diluted cell
supernatant was pre-cleared with 75 ml salmon sperm
DNA/protein A agarose-50% slurry and slurred for 30 min
at 48C with agitation. After a brief centrifugation, super-
natant was collected into a new tube, anti-mTERF2 anti-
body (1:50 dilution) (Abcam, Cambridge, UK) was added

and the tube was incubated with rotation at 48C overnight.
For negative antibody control, equal amount of
anti-arrest-defective protein 1 antibody (1:50 dilution) was
added in an aliquot of the supernatant, and sample was pro-
cessed similarly in parallel. On the second day, 60 ml of
salmon sperm DNA/protein A agarose-50% slurry was
added into tubes. After rotation for another 2 h at 48C, the
tubes were centrifuged (1000 g at 48C for 1 min), the
supernatant containing unbound, non-specific DNA was
discarded, and then the pellet was washed for 5 min on a
rotating platform with 1 ml each of the following buffers in
the order as listed: (i) low-salt immune complex wash
buffer, once; (ii) high-salt immune complex wash buffer,
once; (iii) LiCl immune complex wash buffer, once; (iv)
TE buffer, twice. After the final wash and centrifugation,
250 ml elution buffer (1% SDS and 0.1 M NaHCO3) was
added to the pellet, mixed by a brief vortex, and incubated
at room temperature for 15 min with rotation. Agarose
beads were spun down, and the supernatant containing
eluted mTERF2 was transferred carefully to another tube.
The elution was repeated two times, and all the eluent was
combined into a new tube.

About 20 ml of NaCl (5 M) was added into the tube, and
the mixture was heated at 658C for 4 h to release the DNA
bound to mTERF2. Then proteins were digested with 2 ml
of 10 mg/ml proteinase K (Merck, San Diego, USA) in
10 ml of 0.5 M EDTA and 20 ml of 1 M Tris-HCl (pH 6.5)
for 3 h at 458C. DNA was extracted with standard phenol/
chloroform method and precipitated by ethanol. DNA
pellets were washed with 70% ethanol, dried in the air, and
resuspended in 100 ml ddH2O for polymerase chain reac-
tion (PCR). Seventeen primer pairs covering the entire
human mitochondrial genome were used for PCR
(Table 1). The average length of amplified products was
approximately 1 kb. PCR products were visualized on 1%
agarose gel, and quantified using Quantity One 4.6 soft-
ware (Bio-Rad, Hercules, USA).

Determination of mtDNA level
At 36 h after transfection with pcDNA-mTERF2 or control
vector, the cells were collected from the culture dish with a
cell scraper. Cells were washed twice with 1 � PBS, and
then resuspended in cell lysis buffer (20 mM Tris-HCl, pH
7.5, 150 mM NaCl, 1 mM EDTA, 1% Triton, 2.5 mM
sodium pyrophosphate, 1 mM b-glycerophosphate, and
1 mM Na3VO4). Then cells were lyzed for 10 min on the
ice, and cell lysate was treated with proteinase K (10 mg/
ml) and 10% SDS overnight at 458C. Then, the sample
was extracted twice with phenol/chloroform/isoamyl
alcohol (25:24:1). DNA was then precipitated with 1/10
volume of 3 M sodium acetate (pH 5.2) and 2 volumes of
100% cold ethanol. After centrifugation at 10,000 g for
5 min at 48C, the liquid was removed. DNA pellet was
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washed twice with 70% ethanol, air-dried, and then dis-
solved into pure H2O, using as the PCR template.

The mtDNA level was assessed using methods described
previously [20,21]. D-Loop region of mtDNA and 18S
ribosomal RNA (rRNA) coding gene were amplified with
the extracted template, and the expression ratio of mtDNA
D-Loop region to 18S rRNA was determined as the relative
level of mtDNA in cells. The sequences of primer pairs for
the mtDNA D-Loop region were 50-TACTCAAATGGGC
CTGTCCT-30 and 50-GGGAACGTGTGGGCTATTTA-30;
and those for 18S rRNA coding gene were 50-AGAGGGA
CAAGTGGCGTTCAGC-30 and 50-GCACACCAACGACA
CGCCCTT-30. PCR was carried out in exactly the same

way as the steps in the reverse transcriptase–PCR (RT–
PCR) procedure described below.

Semi-quantitative RT2PCR to detect the
mitochondrial RNA level
In order to determine the mRNA transcription levels of
mitochondrial genes, seven genes covering both the heavy
and light chains of mtDNA were quantified by RT2PCR
with primer pairs shown in Table 2.

Cells transfected with pcDNA-mTERF2 or
pcDNA3.1(þ) plasmids were rinsed with cold PBS once,
and then lyzed directly in a culture dish with Trizol reagent
(Invitrogen). Total RNA was extracted according to the

Table 1 The primers used in ChIP analysis

No. Primer sequence (50!30) Site Product length (bp)

1 F: GTATGCACGCGATAGCATTG

R: TAGGCTGAGCAAGAGGTGGT 7121256 1186

2 F: CGATCAACCTCACCACCTCT

R: CCAATTGGGTGTGAGGAGTT 122622269 1044

3 F: AAGCGTTCAAGCTCAACACC

R: TGGGTGGGTGTGGGTATAAT 219923217 1019

4 F: CCTCCCTGTACGAAAGGACA

R: GGGGAATGCTGGAGATTGTA 311624252 1137

5 F: GATTCCGCTACGACCAACTC

R: TGATGGTGGCTATGATGGTG 414225325 1184

6 F: ATCATCCCCACCATCATAGC

R: TGAAATTGATGGCCCCTAAG 529726396 1100

7 F: TGGAGCCTCCGTAGACCTAA

R: AGCGAAGGCTTCTCAAATCA 632027334 1015

8 F: GAACCCTCCATAAACCTGGA

R: TATGGTGGGCCATACGGTAG 736128401 1041

9 F: ATGGCCCACCATAATTACCC

R: GTGGCCTTGGTATGTGCTTT 838829416 1029

10 F: TTCCACTCCATAACGCTCCT

R: GTGGCAGGTTAGTTGTTTGT 9315210314 1000

11 F: CCCTACCATGAGCCCTACAA

R: TTCTTGGGCAGTGAGAGTGA 10278211314 1037

12 F: TGAACGCAGGCACATACTTC

R: AGGGGTCGTAAGCCTCTGTT 11187212198 1012

13 F: ACACCTATCCCCCATTCTCC

R: GGTGGAAGCGGATGAGTAAG 12076213129 1054

14 F: GCCCTACTCCACTCAAGCAC

R: TATGCCTTTTTGGGTTGAGG 13079214085 1007

15 F: CCTCAACCCAAAAAGGCATA

R: ATGCCGATGTTTCAGGTTTC 14066215096 1031

16 F: TATCCGCCATCCCATACATT

R: AGCTTTGGGTGCTAATGGTG 15195215997 803

17 F: TACTCAAATGGGCCTGTCCT

R: GGGAACGTGTGGGCTATTTA 15873216549 676
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manufacturer’s protocol. About 5 mg total RNA was
adjusted to 36 ml with RNase free pure water, mixed with
1 ml of 6-bp random primers (100 M) and 15.1 ml oligo
(dT). The RT reaction tube was incubated at 708C for
5 min, and then placed on ice. The reaction mixture
included 12 ml of 5�RT-buffer (Promega, Madison,
USA), 4 ml of 10 mM deoxynucleoside triphosphate , 2 ml
of RNasin, and 1 ml of M-MLV reverse transcriptase
(Promega). The mixture was incubated at 258C for 5 min,
then at 378C for 2 h, and terminated at 708C for 10 min.
The cDNA was kept on the ice.

The cDNA sample was used for PCR with primers
specific for mitochondrial genes or the b-actin gene (a
control for sample input). PCR reactions were carried out
under the following steps: denaturation at 948C for 3 min;
25 cycles of 948C for 30 s, 588C for 30 s, and 728C for
1 min; and a final extension of 728C for 10 min. Equal
volume of PCR products were analyzed by means of elec-
trophoresis in 1% agarose gel, and quantified using
Quantity One 4.6 software.

Immunoblot assay
The levels of six mitochondrial encoded proteins both from
the heavy and light chains were analyzed by means of
western blot analysis. Cells transfected with
pcDNA-mTERF2 or pcDNA3.1(þ) empty vector were har-
vested by centrifugation at 36 h after the transfection,
resuspended in 100 ml lysis buffer (the same with the
buffer used for DNA extraction above), lyzed on ice for
10 min, and centrifuged at 14,000 g for 10 min at 48C. The
supernatant was mixed with 2 � SDS sample buffer, boiled
for 10 min, and separated with 10% SDS-gel. The proteins

in the gel were transferred to the polyvinylidene difluoride
membrane (Millipore, Billerica, USA) with semi-dry trans-
fer electrophoresis (Bio-Rad) for 50 min at 20 V. The
membrane was blocked with 5% fat-free milk for 4 h at
room temperature, and then incubated with the primary
antibodies against mTERF2, or b-actin at a dilution of
1:1000 overnight at 48C with gentle shake. After washing,
the membrane was incubated with suitable secondary anti-
bodies (Santa Cruz Biotechnology, Santa Cruz, USA) at a
dilution of 1:10,000 for 1 h. Finally, the signal was
detected with enhanced chemiluminescence plus reagent
(Beyotime, Haimen, China) and exposure to a Kodak
BioMax X-ray film.

Results

mTERF2 binds to mtDNA
In preparation for ChIP assay, DNA and proteins in HeLa
cells were first cross-linked with formaldehyde and then
the DNA was sheared with DNase I digestion. After 1 h of
DNase I digestion, the DNA fragments on agarose gel con-
centrated under the size of 1200 bp [Fig. 1(A)], which is
highly desirable for this ChIP analysis.

Binding of mTERF2 to mtDNA was assayed by
genome-wide ChIP assays with 17 primer pairs covering
the entire mitochondrial genome [Fig. 1(B)]. The PCR
reactions for sample input before the immunoprecipitation
(IP) step with different primers resulted in different ampli-
fication efficiency but they all yielded detectable PCR pro-
ducts [Fig. 1(C), input]. The PCR for sample after IP with
anti-mTERF2 antibody with each primer pair yielded
similar amount of PCR products as for the sample input
[Fig. 1(C), IP]. In addition, trace amount of PCR products
was also detected in the sample after IP with negative anti-
body control [Fig. 1(C), NC] due to non-specific binding
of antibody to cellular proteins. No DNA product was
detected in the PCR negative control sample without any
templates, indicating the reliability of the PCR system
[Fig. 1(C), BC]. Among 17 PCR primer pairs, the ratio of
PCR products from the experimental group to the sample
input group showed no significant difference [Fig. 1(D)].

mTERF2 overexpression decreases the amount
of mtDNA
The genomic DNA was extracted from HeLa cells trans-
fected with pcDNA-mTERF2 or empty vector
pcDNA3.1(þ). The amount of mtDNA and nuclear
genomic DNA were estimated by PCR detection of mtDNA
D-Loop region and 18S rDNA, respectively (Fig. 2). PCR
results showed that the amount of nuclear genomic DNA
was not significantly different between mTERF2 overex-
pressed and the control cells, but the amount of mtDNA in
mTERF2 overexpressed cells was significantly lower than

Table 2 The primers used in semi-quantity RT-PCR

Mitochondrial gene Primer sequence (50!30)

12S rRNA F: ACTGCTCGCCAGAACACT

R: TGGGCTACACCTTGACCT

16S rRNA F: CTGTCAACCCAACACAGG

R: CAGGTCAATTTCACTGGT

ND1 F: ATCAGGGTGAGCATCAAA

R: TTCGGTTGGTCTCTGCTA

COXII F: ATCCCTACGCATCCTTTA

R: GGAATTGCATCTGTTTTT

Cytb F: TCCGCCATCCCATACATT

R: GGGCGTCTTTGATTGTGT

ND6 F: ACAGCACCAATCCTACCT

R: ATTGTTAGCGGTGTGGTC

Q tRNA F: ATCCCTGAGAATCCAAAA

R: GGGCCCGATAGCTTATTT

b-actin F: ATCCCTGAGAATCCAAAA

R: GGGCCCGATAGCTTATTT
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that in the control cells [Fig. 2(A)]. The ratio of mtDNA to
the nuclear genomic DNA was also dramatically decreased
in the mTERF2 overexpressed cells [Fig. 2(B)].

mTERF2 overexpression decreases the level
of mitochondrial mRNA
Five heavy-chain genes (12S rRNA, 16S rRNA, ND1,
COXII, and Cytb) and two light-chain genes (ND6 and the
transfer RNA of amino acid Q) were selected to represent
mitochondrial genes, and their mRNA levels were qualified
by semi-quantitative RT2PCR (Fig. 3). From the same
cells transfected with pcDNA-mTERF2 or the empty
vector, overexpression of mTERF2 significantly reduced
the mRNA level of all these mitochondrial genes, while
the levels of b-actin remained unchanged [Fig. 3(A)]. The
fold decrease was in the same magnitude with the decrease
in the mtDNA content [Fig. 3(B)].

mTERF2 overexpression decreases the translation
level of mitochondrial proteins
From the same cells transfected with pcDNA-mTERF2 or the
empty vector, five proteins in the heavy chain (ND1, ND4,

Figure 1 mTERF2 binds to the mtDNA ChIP was performed using HeLa cells and the mtDNA binding was detected by PCR. (A) DNA2protein

complex was cross-linked with formaldehyde and digested by DNase I for 0, 0.5, 1 and 2 h (lanes 1–4) and the samples were analyzed by means of

agarose gel electrophoresis. M: DNA ladder. (B) Primers used to detect the binding sites of mTERF2. (C) PCR results were shown using the 17 pairs of

primers, and b-actin was used as a control. Input, input control; IP, immunoprecipitated; NC, no-antibody negative control; BC, no-template blank

control. (D) Relative binding activity of mTERF2 on different positions of mtDNA. Data were presented as the mean+SD of values obtained from five

independent experiments.

Figure 2 mTERF2 overexpression inhibits the level of mtDNA
copies Total DNA was extracted from HeLa cells transfected with

pcDNA-MTERF2 and pcDNA3.1(þ) vector. (A) The nuclear DNA and

mtDNA content were detected indirectly with amplified 18S rDNA and

mtDNA D-Loop region. mTERF* was the semi-quantity RT–PCR result,

which indicated the overexpression of the mTERF2 (normalized with

b-actin; data not shown). (B) Relative level of mtDNA copies in

mTERF2 overexpressed cells. Data were presented as the mean+SD of

values obtained from five independent experiments.
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COXII, Cytb, and COXI) and one in the light chain (ND6) of
mitochondria were selected to represent mtDNA-encoded
proteins, and their levels were measured by western blot
analysis (Fig. 4). Although mTERF2 was overexpressed, the
levels of all the six mitochondrial proteins were decreased
compared with those in the control cells [Fig. 4(A)]. The fold
changes in the protein levels were similar to those of mito-
chondrial mRNA transcripts [Fig. 4(B)].

All the above experiments were also carried out in U251
and MCF-7 cell lines, and similar results were obtained
(data not shown).

Discussion

mTERF2 is known as an important nuclear protein that
interacts with mtDNA, and different modes of mTERF2
interaction with mtDNA have been reported. Some reports
showed that mTERF2 bound specifically to the HSP region
and was a positive regulator of mitochondrial transcription
[12,22]; others showed that mTERF2 was a mitochondrial
protein and displayed a non-specific mtDNA-binding
activity that was abundantly detectable in vivo, with one
monomer present per 265 bp of mtDNA [10]. In addition,

Figure 3 mMTERF2 overexpression decreases mRNA level of mitochondrial genes HeLa cells transfected with pcDNA-MTERF2 and

pcDNA3.1(þ) vector. (A) Gel images of RT–PCR. b-actin was employed as a loading control. (B) Relative levels of mitochondrial mRNAs in mTERF2

overexpressed cells. Data were presented as the mean+SD of values obtained from three experiments.

Figure 4 Overexpression of mTERF2 inhibits mitochondrial protein synthesis The expression of mTERF2 and selected mitochondrial proteins of

the transfected cells were examined by western blot analysis. (A) Results were presented as the images from western blot analysis, and b-actin was used

as the loading control. (B) Relative intensity of mTERF2 and mitochondrial protein levels. Data were presented as the mean+SD of values obtained

from three experiments.
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the binding of mTERF2 to mitochondrial D-Loop region
and encoding sequence were assayed by electrophoretic
mobility shift assay and the results showed that mTERF2
binding to the mtDNA was non-specific [11]. In our ChIP
analysis, all the mtDNA fragments were co-precipitated
equally with mTERF2 antibody, suggesting that the
mTERF2 bound to the entire mtDNA in the similar effi-
ciency in vivo. Since the DNA fragments in the ChIP assay
were around 1 kb, there should be at least one mTERF2
binding site in each 1000 bp of mtDNA. Our results sup-
ported the possibility that mTERF2 randomly bound to the
entire mtDNA with no specificity.

Two models have been proposed for the replication of
mtDNA in mammals. One is the strand asynchronous
model in which replication occurs unidirectionally with the
synthesis of the daughter strand from heavy strand starting
at OH. When replication of heavy strand reaches 2/3 of the
genome, OL is activated and the replication of the light
chain starts in the opposite direction [23]. The other is the
strand synchronous model suggesting that replication
occurs symmetrically in the leading-lagging strand and
starting from different points [24]. In either the asynchro-
nous or synchronous model, replication is initiated at
special sites. From this study, since mTERF2 showed no
special binding pattern on mtDNA, and it negatively regu-
lated the level of mtDNA, it might regulate the replication
process rather than its initiation, as the histone bound to
the genomic DNA [10].

Although the binding pattern made mTERF2 unlikely
serve to directly regulate the transcription or translation of
mitochondrial genes, its wide range of binding to mtDNA
suggested an important function of this protein. In the
present study, we first found that overexpression of
mTERF2 decreased the level of mitochondrial mRNA and
proteins in various cell lines. Since the decrease folds of
mRNA and protein levels are similar to that of mtDNA
level, decreases at mRNA and protein levels of mitochon-
drial genes were most likely resulted from the overall
decrease of mtDNA.

Previous reports showed that mTERF2 inhibited cell
growth [13,25], but the mechanism was not clear.
Mitochondrion is the cell’s power plant responsible for
energy generation. Its activities are largely dependent on
the regulation of mitochondrial gene expression [26,27].
Based on our results, mTERF2 might exert its growth
inhibitory function by reducing the mtDNA copies, thus
decreasing the overall mitochondrial protein levels.
Because human mtDNA encodes 13 mitochondrial proteins
that make up all subunits of OXPHOS complex, the
decrease of overall mitochondrial protein synthesis could
reduce the assembly of OXPHOS complex, and then gener-
ate insufficient ATP for the cell growth [27,28]. Therefore,

it can be one of the potential mechanisms on how
mTERF2 inhibits cell proliferation (Fig. 5).

Wenz et al. [12] constructed the mTERF2 knockout
mice, and found that the mitochondrial protein synthesis
level in fibroblasts was decreased when mTERF2 was lost.
And mitochondrial transcripts of the challenged mTERF2
knockout mice muscle showed marked decreases for both
heavy- and light-strand transcripts. These aberrations were
associated with decreased steady-state levels of OXPHOS
proteins causing a decrease in respiratory function [12]. It
suggested that mTERF2 was an up-regulator of mitochon-
dria genes expression. Hyvarinen et al. [11] reported that
overexpression of epitope-tagged MTERFD1 (mTERF3) or
MTERFD3 (mTERF2) resulted in modest mtDNA copy-
number depletion in 293T cells. And mtDNA copy number
decrease will reduce the mRNA level, which showed that
mTERF2 was a negative regulator of mitochondria gene
expression similar to our results. These researches indicated
that mTERF2 might play different roles in human and
mice or in different physiological states. More studies are
needed to consolidate these results and to clarify the func-
tion of mTERF2.
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Figure 5 Potential mechanism of MTERF2 on regulating cell
proliferation

mTERF2 binds to mitochondrial DNA and regulates mitochondrial gene expression

Acta Biochim Biophys Sin (2011) | Volume 43 | Issue 6 | Page 478

 by guest on June 5, 2016
http://abbs.oxfordjournals.org/

D
ow

nloaded from
 

http://abbs.oxfordjournals.org/


References

1 Iyer VR, Eisen MB, Ross DT, Schuler G, Moore T, Lee JC and Trent JM,

et al. The transcriptional program in the response of human fibroblasts to

serum. Science 1999, 283: 83–87.

2 Goldenthal MJ and Marin-Garcia J. Mitochondrial signaling pathways: a

receiver/integrator organelle. Mol Cell Biochem 2004, 262: 1–16.

3 Peng X, Karuturi RK, Miller LD, Lin K, Jia Y, Kondu P and Wang L,

et al. Identification of cell cycle-regulated genes in fission yeast. Mol Biol

Cell 2005, 16: 1026–1042.

4 Scarpulla RC. Transcriptional paradigms in mammalian mitochondrial bio-

genesis and function. Physiol Rev 2008, 88: 611–638.

5 Strausberg RL, Feingold EA, Grouse LH, Derge JG, Klausner RD, Collins

FS and Wagner L, et al. Generation and initial analysis of more than

15,000 full-length human and mouse cDNA sequences. Proc Natl Acad

Sci USA 2002, 99: 16899–16903.

6 Roberti M, Polosa PL, Bruni F, Manzari C, Deceglie S, Gadaleta MN and

Cantatore P. The MTERF family proteins: mitochondrial transcription reg-

ulators and beyond. Biochim Biophys Acta 2009, 1787: 303–311.

7 Yu M, Dai J, Huang WW, Jiao Y, Liu L and Tan DY. hMTERF4 knock-

down in HeLa cells results in cell cycle arrest in subG1 phase and cell

death. Acta Biochim Biophys Sin 2011, 43: 362–371.

8 Montoya J, Christianson T, Levens D, Rabinowitz M and Attardi G.

Identification of initiation sites for heavy-strand and light-strand transcrip-

tion in human mitochondrial DNA. Proc Natl Acad Sci USA 1982, 79:

7195–7199.

9 Luca CC and Moraes CT. Functional analysis of mouse mTERFD3, a

novel mitochondrial transcription termination-like factor. Mitochondrion

2006, 6: 277.

10 Pellegrini M, Asin-Cayuela J, Erdjument-Bromage H, Tempst P, Larsson

NG and Gustafsson CM. MTERF2 is a nucleoid component in mammalian

mitochondria. Biochim Biophys Acta 2009, 1787: 296–302.

11 Hyvarinen AK, Pohjoismaki JL, Holt IJ and Jacobs HT. Overexpression of

MTERFD1 or MTERFD3 impairs the completion of mitochondrial DNA

replication. Mol Biol Rep 2011, 38: 1321–1328.

12 Wenz T, Luca C, Torraco A and Moraes CT. mTERF2 regulates oxidative

phosphorylation by modulating mtDNA transcription. Cell Metab 2009, 9:

499–511.

13 Chen Y, Zhou G, Yu M, He Y, Tang W, Lai J and He J, et al. Cloning

and functional analysis of human mTERFL encoding a novel mitochon-

drial transcription termination factor-like protein. Biochem Biophys Res

Commun 2005, 337: 1112–1118.

14 Hess JF, Parisi MA, Bennett JL and Clayton DA. Impairment of mitochon-

drial transcription termination by a point mutation associated with the

MELAS subgroup of mitochondrial encephalomyopathies. Nature 1991,

351: 236–239.

15 Daga A, Micol V, Hess D, Aebersold R and Attardi G. Molecular charac-

terization of the transcription termination factor from human mitochondria.

J Biol Chem 1993, 268: 8123–8130.

16 Linder T, Park CB, Asin-Cayuela J, Pellegrini M, Larsson NG, Falkenberg

M and Samuelsson T, et al. A family of putative transcription termination

factors shared amongst metazoans and plants. Curr Genet 2005, 48:

265–269.

17 Martin M, Cho J, Cesare AJ, Griffith JD and Attardi G. Termination

factor-mediated DNA loop between termination and initiation sites drives

mitochondrial rRNA synthesis. Cell 2005, 123: 1227–1240.

18 Roberti M, Bruni F, Loguercio Polosa P, Manzari C, Gadaleta MN and

Cantatore P. MTERF3, the most conserved member of the mTERF-family,

is a modular factor involved in mitochondrial protein synthesis. Biochim

Biophys Acta 2006, 1757: 1199–1206.

19 Park CB, Asin-Cayuela J, Camara Y, Shi Y, Pellegrini M, Gaspari M and

Wibom R, et al. MTERF3 is a negative regulator of mammalian mtDNA

transcription. Cell 2007, 130: 273–285.

20 Lebedeva MA, Eaton JS and Shadel GS. Loss of p53 causes mitochondrial

DNA depletion and altered mitochondrial reactive oxygen species homeo-

stasis. Biochim Biophys Acta 2009, 1787: 328–334.

21 Pejznochova M, Tesarova M, Hansikova H, Magner M, Honzik T,

Vinsova K and Hajkova Z, et al. Mitochondrial DNA content and

expression of genes involved in mtDNA transcription, regulation and

maintenance during human fetal development. Mitochondrion 2010, 10:

321–329.

22 Oliveira MT, Garesse R and Kaguni LS. Animal models of mitochondrial

DNA transactions in disease and ageing. Exp Gerontol 2010, 45:

489–502.

23 Clayton DA. Replication of animal mitochondrial DNA. Cell 1982, 28:

693–705.

24 Holt IJ, Lorimer HE and Jacobs HT. Coupled leading- and lagging-strand

synthesis of mammalian mitochondrial DNA. Cell 2000, 100: 515–524.

25 Asin-Cayuela J and Gustafsson CM. Mitochondrial transcription and its

regulation in mammalian cells. Trends Biochem Sci 2007, 32: 111–117.

26 Dorward A, Sweet S, Moorehead R and Singh G. Mitochondrial contri-

butions to cancer cell physiology: redox balance, cell cycle, and drug

resistance. J Bioenerg Biomembr 1997, 29: 385–392.

27 Gemin A, Sweet S, Preston TJ and Singh G. Regulation of the cell cycle

in response to inhibition of mitochondrial generated energy. Biochem

Biophys Res Commun 2005, 332: 1122–1132.

28 Wang RC and Levine B. Autophagy in cellular growth control. FEBS Lett

2010, 584: 1417–1426.

mTERF2 binds to mitochondrial DNA and regulates mitochondrial gene expression

Acta Biochim Biophys Sin (2011) | Volume 43 | Issue 6 | Page 479

 by guest on June 5, 2016
http://abbs.oxfordjournals.org/

D
ow

nloaded from
 

http://abbs.oxfordjournals.org/

