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Abstract
Purpose: Infertility affects 10–15 % of the population, of
which, approximately 40 % is due to male etiology consisting
primarily of low sperm count (oligozoospermia) and/or ab-
normal sperm motility (asthenozoospermia). It has been dem-
onstrated that mtDNA base substitutions can greatly influence
semen quality.
Methods: In the present study we performed a systematic
sequence analysis of the mitochondrial cytochrome oxidase
III (COIII) gene in 31 asthenozoospermic infertile men in
comparaison to normozoospermic infertile men (n=33) and
fertile men (n=150) from Tunisian population.
Results: A novel m.9588G>A mutation was found in the
mtDNA sperm’s in all asthenozoospermic patients and was
absent in the normozoospermic and in fertile men. The
m.9588G>A mutation substitutes a highly conserved Gluta-
mate at position 128 to Lysine. In addition, PolyPhen-2 anal-
ysis predicted that this variant is “probably damaging”.
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Introduction

Mutations in the mitochondria have been implicated in a variety
of human diseases ranging from degenerative diseases to infer-
tility [1, 2]. This may be caused by the increase of the number of
mutations in mitochondria, which is the result of several proper-
ties that make mtDNA distinct from cellular DNA. First, repli-
cation of mtDNA is rapid and lacks proofreading [3, 4] resulting
in a 10–100 times higher of mitochondrial mutation rate than that
of nuclear DNA [5, 6]. Second, because the lack of in adequate
DNA-repair mechanisms in the mitochondria the mutation rate
of mtDNA is 10_20 times higher than that of nuclear DNA [3].
Finally, the mode of inheritance of mitochondria is unique be-
cause the genetic information is inheritedmaternally. This creates
an asymmetry in the natural selection process.

Current understanding of the role of mitochondrial mutations
in human disease is expanding. Tissues that require high levels of
respiratory energy, such as the brain, heart, skeletal muscle,
kidney, liver, endocrine system, and other somatic tissues, can
malfunction if they possess defects in their mitochondria [7].
Sperm are also included in this category. It has been proposed
that the ATP produced by mitochondria is essential for sperm
motility [8]. Other evidence supports an essential role for mito-
chondrial formation and function in spermatogenesis [1, 9–13].

The maturation of spermatogonia to a spermatozoon capa-
ble of fertilization involves rearrangement of mitochondria
and development of a functional tail. Asthenozoospermia
could potentially be caused by defects in tail formation in
spermatozoa or by defects in the energy-producing machinery
required to drive motility. In sperm, mitochondria are located
around the midpiece and are arranged in a helix of 11–13 gyri
(or individual spirals around the core), with two mitochondria
per gyrus [14]. In the absence of glycolytic support, ATP
generated from the mitochondria is delivered to the axoneme
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and is used for flagellar propulsion. Reductions in motility
could potentially arise from defects in any of the 200–300
separate genes that are necessary for proper assembly and
function of the sperm axoneme and tail [15]. In brief, muta-
tions in mtDNA could contribute to a large percentage of
asthenozoospermia. In factmtDNAmutations affecting flagellar
movement are a cause of sperm dysmotility. DNA rearrange-
ments including point mutations and deletions of mtDNA have
been reported in patients with low sperm motility who have
asthenozoospermia and oligoasthenozoospermia [16–18].

In this study the human sperm mitochondrial COIII gene
was analysed with the aim of identifying point mutations
which may be associated with asthenozoospermia and male
infertility.

Patients and methods

Semen collection and analysis

We included 64 male partners from consecutively enrolled
couples who had their first infertility consultation in the Re-
productive Biology laboratory at the faculty of medicine of
Sfax (Tunisia). Because their female’s partners did not con-
ceive after 2 year of marriage, both of them had undergone
clinical examination. The results had shown that their female’s
partners were normal.

Semen was collect by masturbation after a period of sexual
abstinence of 3–5 days. The samples were analyzed following
standard protocols according to WHO [19]. They were
allowed to liquefy for 30 min at 37 °C. Then the number
and percentage of motile spermatozoa was evaluated [19]. In
particular, sperm-motility analysis was performed at room
temperature, a minimum of four microscopy fields were sys-
tematically scanned and the motility of each spermatozoon
graded as “a,” “b,” “c,” or “d,” according to whether it showed
rapid progressive motility, slow or sluggish progressive mo-
tility, non progressive motility, or no motility at all.

Of the 64 patients, sperm count revealed normozoospermia
(concentration of spermatozoa >20×106/mL and total pro-
gressive motility>40 %) in 33 patients and asthenozoosper-
mia (total progressive motility<40 %) in 31 patients. As
control group, we included 150 fertile and healthy males
who fathered at least one child. All subjects gave an informed
consent for molecular analysis of their blood samples.

Extraction of total DNA

DNA from all experimental samples was isolated using DNA
isolation kit from Qiagen (QIAamp DNAMini Kit). Briefly, the
spermatozoa pellet was resuspended in disterile water and
admixed with lysis solution containing 100 mg/mL proteinase
K and 40 mmol/L dithiothreitol. Lysis was performed at 55 °C

for 2–3 h with gentle agitation. Magnetic glass particles (MGPs)
were added to the lysates to bind the DNA. DNA, which was
immobilized on MGPs, was washed and eluted from the
particles.

PCR amplification of the mitochondrial COIII gene

The mitochondrial COIII gene and the flanking regions were
amplified using a thermal cycler (GeneAmp PCR System
9700 (Applied Biosystems) in a final volume of 50 μL using
200 ng DNA, 8 pmol of each primer (mt-14 F: 5′ CCCACC
AATCACATGCCTAT 3′, mt-14R: 5′ TGTAGCCGTTGAGT
TGTGGT 3′), 2 mM MgCl2, 500 μM dNTP, 1×PCR buffer
and 2 U Taq DNA polymerase). The conditions for PCR
amplification were as follows: initial denaturation at 95 °C
for 5 min followed by 35 cycles of denaturation (94 °C,
1 min), annealing (56.5 °C, 1 min), extension (72 °C, 1 min)
and a final extension at 72 °C for 5 min.

Sequencing

After PCR amplification, PCR products were purified using
NucleoSpin (MACHEREY-NAGEL) and sequenced with the
ABI Prism BigDye Terminator Cycle Sequencing Ready Re-
action Kit (ABI PRISM/Biosystems).

The blast homology searches were performed using the
program available at the National Center for Biotechnology
Information Web site in comparison with the updated consen-
sus ambridge sequence (GenBank Accession NC_012920).
Regions containing putative novel variations were amplified
and sequenced again on both strands to exclude that they were
PCR artifacts.

Sequence alignment

The sequence alignment of the mitochondrial COIII gene was
performed using the Clustal W program (http://www.ebi.ac.
uk/Tools/msa/clustalw2). Sequences from the species were
obtained from NCBI.

The pathogenicity prediction of the m.9588G>A mutation
and prediction software of hydrophobicity and secondary
structure MT-COIII protein

The assessment of the damaging effect of missensemutation was
performed using PolyPhen-2 software (http://genetics.bwh.
harvard.edu/pph2/). This software calculates the probability that
a given mutation is damaging and reports estimates of false
positive (the chance that the mutation is classified as damaging
when it is in fact non damaging) and true positive (the chance
that the mutation is classified as damaging when it is indeed
damaging) rates. For a false positive rate of 20 %, PolyPhen-2
achieved true positive prediction rates of 92 % and 73 % on
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HumDiv and HumVar datasets, respectively [20]. PolyPhen uses
the predicted hydrophobic and transmembrane (PHAT) matrix
score to evaluate the possible functional effect of a substitution in
the transmembrane region.

For the prediction of possible changes in hydrophobicity
and changes in configuration of transmembrane domains of
the COIII protein due to sequence variation, we used TopPred
online prediction software (http://bioweb.pasteur.fr/seqanal/
interfaces/toppred.html).

Results

The sequencing analysis of the MT-COIII gene in
asthenozoospermic and normozoospermic infertile man re-
vealed the presence of a variant at nucleotide position 9588
(G>A) in all asthenozoospermic samples analyzed. This mu-
tation (Fig. 1a) was absent in the normozoospermic and in 150
Tunisian fertile individuals. Interestingly, the A allele never
before has been reported, either as a polymorphism or in
association with a disease, anywhere in the world. The muta-
tion substitutes the Glutamate residue at position 128 to lysine.

The affected aminoacid is located in a highly conserved
domain of the COIII polypeptide in many species (Fig. 1b).
In addition, PolyPhen-2 analysis predicted that this variant is
“probably damaging” with scores of 0.968 and 0.925 on
HumDiv and HumVar models, respectively (Fig. 2) and
showed that the Glu128 is located in the transmembrane
functional domain of the mitochondrial COIII protein (Fig. 3).

The m.9588G>A mutation in the mitochondrial COIII
gene was found in He te rop lasmic s t a t e in a l l
asthenozoospermic samples analyzed; this is confirm the
patogenicty of this mutation because the most pathogenic
mtDNA mutations coexist with the wild-type sequence: in
heteroplasmy state.

Moreover, we detected 14 known substitutions in theCOIII
gene (Table 1) which were previously reported in the Human
Mitochondrial Database (http://www.mitomap.org). Among
these variations, four substitutions were responsible for an
amino acids change in several mitochondrial subunits: m.
9477 G>A (p.91 V>I), m. 9301C>T (p.32A>V), m.
9336A>G (p.44 M>V) and m. 9390A>G (p.62 T>A).
These substitutions were reported as polymorphisms without
negative effects on mitochondrial function.

Fig. 1 a Sequencing
electropherogram showing the
presence of the novel m.9588G>
A mutation in the mitochondrial
COIII gene in a representative
patient and its absence in a control
subject. b Sequence alignment of
the mitochondrial COIII gene in
different species. The Glutamate
at position 128 is highly
conserved throughout evolution.
Amino acid change of interest is
framed and indicated with arrow
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Discussion

As recently summarised byMoore and Reijo-Pera, 10–15% of
human couples are affected by infertility, and approximately

50 % of these cases of infertility should be attributed to men
[24]. Sperm motility is one of the major determinants of male
fertility. Furthermore, it has been demonstrated that mtDNA
base substitutions can greatly influence semen quality and

Fig. 2 aResults of the PolyPhen-2 analysis predicting the pathogenicity the p.128 N>S substitution on the mitochondrial COIII protein. bLocation of
the Glu128 residue in the 3D structure of the mitochondrial COIII protein
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motility [21–23]. Therefore, we investigated in the present
study the relationship between the sperm mtDNA COIII gene
polymorphisms and male infertility.

We investigated COIII gene in sperm mtDNA of Tunisian
infertile and fertile men and showed the presence of an
undescribed missense mutation (m.9588G>A) in all
asthenozoospermic infertile men. This mutation (m.9588G>
A)was absent in normozoospermic patients and in fertile men,
suggesting that it could be a cause of low sperm motility in
asthenospermic patients

The m.9588G>A mutation found in the present study
substitutes the Glutamate residue at position 128 to Lysine.
The affected amino acid is located in a highly conserved
domain of the COIII protein. In addition, PolyPhen-2 analysis
predicted that this variant is “probably damaging” and showed
that the Glu 128 is located in the transmembrane functional
domain of COIII protein.

A similar study from India showed a novel missense muta-
tion (C11994T) in the ND4 gene of oligoasthenozoospermic,

but no in 150 proven-fertile men (normozoospermic) [24]. This
mutation (m.11994C>T) is located in the second base of a
codon, resulting in an amino-acid change from threonine to
isoleucine at amino-acid position 412 of the ND4 gene. The
authors conclude that this novel missense mutation C11994T in
themitochondrial ND4 gene as a cause of low spermmotility in
the Indian subcontinent. This novel mutation (C11994T)
was absent in oligoasthenozoospermic infertile patient
from Portugal suggesting that such mutation may be pop-
ulation specific [25]. In another reports, Spiropoulos J et al.
correlated low sperm motility with high levels of mutant
mtDNA in males who had inherited the A3243G mtDNA
mutation from their mother [22]; similarly, Holyoake et al.,
found the two most common substitutions at 9055 (MT-
ATP6) and 11719 (ND4) in men with a significantly higher
frequency of reduced sperm motility [23]. Also, Kumar
et al. showed that the T9098C transition was present only in
infertile cases with a significant difference in comparaison to
controls [23].

Our findings showed also the presence of 14 known sub-
stitutions in the COIII gene reported in the Human Mitochon-
drial Database (http://www.mitomap.org). Among these
variations, 4 substitutions were responsible for an amino
acids change in several mitochondrial subunits. In a recent
Indian study, the authors revealed 36 substitutions in an
oligoasthenoteratozoospermic (OAT) man who also had var-
icocele of the left testis (8 inCOXI, 13 inCOXII, 5 inATPase8,
and 10 in ATPase6) [24]. The fourth of these substitutions (n=
9) were missense mutations (3 in COXI, 3 in COXII, 1 in
ATPase8, and 2 in ATPase6). The authors suggested that the
diminished sperm motility would be due to a 2-nucleotide
deletion in COXII mitochondrial gene. In another report it
was shown significant nucleotide changes in mitochondrial
genes (ATPase6, ATPase8, ND2, ND3, ND4 and ND5) in
sperm mtDNA of infertile men [23]. Otherwise, Güney et al.
identified 38 different nucleotide substitutions, of which 15
caused an amino acid change. In addition, 12 were considered
novel mutations. C8927G, A9041G, C9105G novel polymor-
phisms were found in the ATPase6 gene, and T14969C,
C15143T, T15282G, A15296C, T15804A, and G15806C
novel polymorphismswere found in the Cytb gene [25]. Three

Fig. 3 Predicted transmembrane structures of human MT-COIII protien by the TopPred program

Table 1 Punctual mitochondrial variants detected in the COIII gene in
asthenospermic patients, and each line in the table is from a different
patient

Locus Nucleotide
change

Position Aminoacid
change

MT-COIII A>G 9347 syn

MT-COIII T>C 9540 syn

MT-COIII G>A 9755 syn

MT-COIII C>T 9818 syn

MT-COIII G>A 9932 syn

MT-COIII G>A 9477 V>I

MT-COIII A>G 9494 syn

MT-COIII C>T 9301 A>V

MT-COIII C>T 9302 syn

MT-COIII A>G 9336 M>V

MT-COIII A>G 9390 T>A

MT-COIII A>G 9425 syn

MT-COIII T>C 9656 syn

MT-COIII T>C 9770 syn
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other polymorphisms (T4114G, G4153A and C4159A novel
polymorphism) were found in the ND1 gene.

To elucidate the effect and functional importance of
m.9588G>A mutation, functional studies using the cybrid
cells like rho-0 (a cell culture model used for the study of
mitochondrial disorders), should be undertaken to evaluate the
eventual change of Cytochrome c oxidase subunitIII (COIII)
activity and of protein synthesis, and the impact of novel
mutation on respiratory chain function.

In conclusion, we reported in this study an undescribed
heteroplasmic missense mutation (m.9588G>A) in sperm
mtDNA COIIIgene in all asthenozoospermic infertile patients
who is absent in normozoospermic and in 150 feriles men and
we suggest that this mutation may affect the electrons transfer
from reduced cytochrome c to molecular oxygen in mitochon-
dria. We also suggest that this novel m.9588G>A mutation
should routinely be screened in asthenozoospermic infertile
individuals to give some insight into the aetiology of motility
disorders in infertile men. Assessment of identified mtDNA
polymorphisms should be also undertaken in clinical male
infertility cases.
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