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Laminopathies are a heterogeneous group of LMNA gene alteration-related disorders including muscular dystrophies, peripheral
neuropathies, progeria, lipodystrophies, mandibuloacral dysplasia and restrictive dermopathy. We recently identified a family
displaying mild skeletal muscle compromise and contractures and complaining of cardiac symptoms associated to a novel mutation
consisting in c.388 G/T exon 2 LMNA gene substitution. The aim of the study was to assess the pathogenic effect of this mutation
by means of computational experiments. The c.388 G/T mutation is a missense mutation causing the substitution of the amino
acid Alanine with Serine in position 130 of the protein sequence of the coiled-coil region of Lamin A rod domain. Computational
predictions and molecular dynamic simulation of lamin filaments revealed a 50% reduction in the probability of the sequence
adopting a coiled-coil conformation. The present study provides a feasible explanation for the potential pathogenic effect of the
novel c.388 G/T exon 2 LMNA gene mutation. The simulation revealed how the mutation alters the flexibility of lamin filaments
and likely determines an impairment in the constitution of the coiled-coil structure.

1. Background

Laminopathies are a group of disorders caused by alterations
of the LMNA gene which encodes via alternative splicing for
lamins of the A and C types [1]. These proteins belong to
the family of type V intermediate filaments (IF) and take
part in the formation of nuclear lamina, a network of protein
filaments located beneath the nuclear membrane [2]. A- and
C-type lamins are also present within the nucleus where
they form complexes interacting with DNA, chromatin and
histones [2].

Lamins feature the typical structure of IF being con-
stituted by an N-terminal “head domain”, a central alpha-
helical “coiled coil” rod domain and a carboxy-terminal
“tail domain” [3]. The rod domain is 350 residues long and
consists of 4 alpha-helical coiled-coil segments (named 1A,
1B, 2A, and 2B) connected by means of 3 intervening regions
known as linkers (L1, L12, and L2); it presents repeating
heptads of the generalized sequence a-b-c-d-e-f-g, wherein

a and d are predominantly apolar residues. Whilst residues
involved in dimerization are usually hydrophobic, all other
residues are of a hydrophilic nature [4].

LMNA gene contains 12 exons: exon 1 codes for N-
teminal head domain and for the first portion of central
rod domain, exons 2–6 code for the remaining portion of
the central rod domain. Exons 7–9 yield for the sequences
of carboxy-terminal tail domain portion shared by Lamin
A and C, including the region of nuclear localisation signal
and the portions of lamins binding directly to DNA [5]. The
remaining part of tail domain is yielded by a portion of exon
10 and by exons 11 and 12 for Lamin A while by exon 10 for
Lamin C. Thus, A- and C-type lamin structures differ solely
in the constitution of a portion of the tail domain [5].

Numerous functions are performed by lamins, including
maintaining stability of the nuclear structure, organisation of
chromatin, regulation of cell cycle [6], apoptosis and various
biochemical and metabolic processes [7]; they are also impli-
cated in the regulation of gene expression, DNA replication
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and mRNA transcription [8]. Lamins interact with various
partners, namely, architectural partners, chromatin, partners
with regulatory functions, and partners implicated in signal
transduction [9].

Mutations of the LMNA gene determine different clinical
entities including autosomal dominant and recessive Emery
Dreifuss muscular dystrophy (EDMD2 and EDMD3), limb
girdle muscular dystrophy 1B (LGMD 1B), dilated cardiomy-
opathy with cardiac conduction defects (CMD1A), proge-
ria syndromes, lipodystrophies, mandibuloacral dysplasia,
(MAD) and restrictive dermopathy (RD) [10].

It has already been demonstrated that no direct relation-
ship can be established between LMNA gene mutations and
clinical phenotypes and that intrafamilial and interfamilial
variability in the clinical manifestations associated to the
same LMNA gene alteration are common [11]. However,
Hegele [12] and more recently Benedetti [13], showed that
alterations of the LMNA gene are not related in a casual
fashion to clinical phenotypes.

The influence of disease-related mutations on coiled-
coil structures and assembly has already been discussed
by means of numerous models based on computational
experiments and simulation methods. Strelkov et al. [4] have
modelled the structural effects of seven mutations based on
the crystal structure of the lamin coil 2B fragment. The
authors studied the effect of 7 mutations located at segment
2B and concluded that all mutations examined but one
(Met371Lys in position f of the heptad repeats) do not
seem to interfere with dimer formation. Smith et al. [14]
performed computational experiments to study the effect
of amino acidic variations on the structure of cytokeratin
K5/K14 proteins observed in a cohort of patients affected
by epidermolysis bullosa simplex (EBS). Simulation results
indicated a correlation between clinical severity of EBS and
degree of structural distortion introduced by the mutation
present in the coiled-coil structure; it was also shown that
disruption of the coiled-coil structure was not dependent
solely on whether the mutated residue lay in an inner a/d,
adjacent e/g, or outer b/c/f position. Furthermore, using a
computational model of Keratin 5 domain 1A, Liovic et
al. [15] provided evidence of the effect of a conservative
mutation associated to EBS on protein stability.

The above-cited studies all revealed how computational
simulation may constitute a powerful tool in establishing the
effect of mutations on protein structure.

In the present paper we describe a family carrying a
novel LMNA gene mutation inherited as a dominant trait;
the authors discuss the possible pathogenic mechanism of
the LMNA gene mutation on the assembly and function of
lamins by means of computational experiments including
molecular dynamic simulation and predictions based on
sequence conservation.

2. Methods

2.1. Patients and Methods. The proband was a 48-year-old
woman with a history of rigidity of the neck and weakness of
the upper limbs since her early twenties.

The fifth daughter of nonconsanguineous parents, the
patient was born at term by normal vaginal delivery and grew
regularly. Her past medical history included breast cancer
treated by means of surgery, radio- and chemotherapy and
multiple disk hernias on cervical (C4-C5 and C5-C6) and
lumbar (L4-L5 and L5-S1) regions producing burning-like
sensations on her shoulders, upper and lower limbs from
the age of 28 to 30 years. The proband was married with
one daughter and one son. Family medical history included
breast cancer in three sisters, and cardiac conduction defects
and peritonitis in her mother. The propositus, patients II:9
and II:13 often complained of palpitations and precordial
pain.

The patient was referred to our unit at the age of
48 years; she underwent full neurological examination
including MRC grading muscle strength assessment [16] and
evaluation of contractures; she was also subjected to cardio-
logical investigations including repeated standard and Holter
electrocardiogrammes (ECG) and echocardiogrammes. A
needle muscle biopsy from rectus femoris was performed;
muscle processing, histology, and immunohystochemistry
techniques were applied following indications provided by
recent literature [17].

A specimen of skeletal muscle was studied by means
of western blot analysis to detect proteins including dys-
trophin, calpain, dysferlin, sarcoglycans, and lamins that
are frequently altered in the more common forms of
muscular dystrophy. Western Blot was performed follow-
ing the protocol indicated by Anderson and Davison
[18].

Proband also underwent MRI imaging of lower limb
skeletal muscle by means of a Philips Gyroscan Intera NT
1.5 T scanner equipped with a type SENSE surface coil;
the protocol indicated by Mercuri et al. was followed in
[19] for an appropriate evaluation of lower limb muscles.
The degree of skeletal muscle compromise was measured by
means of the scale proposed by Sookho et al. [20] which
differentiates between mild, moderate, and severe skeletal
muscle alterations.

DNA was obtained using standard methods from periph-
eral blood lymphocytes sampled from proband, available
relatives and 100 healthy controls [21].

Analysis of LMNA gene for the study subject was per-
formed by amplification and sequencing techniques. Primers
for DNA amplification and sequencing were obtained using
published sequence information for all exons, all intron–
exon boundaries and the 5′ and 3′ untranslated regions of
LMNA.

The coding regions of the LMNA gene, including the
exon/intron splice sites, were amplified by PCR standard
method, purified on Millipore Multiscreen filtration plates
using Sephadex G-50 medium and sequenced in each direc-
tion with an ET-dye terminator cycle-sequencing system by
means of the Mega BACE 1000 (Amersham Biosciences).
Available relatives of the proband and 100 healthy controls
were analysed by means of restriction fragment length
polymorphism analysis (RFLP).

PCR products were digested with HinfI restriction
enzyme and electrophoresis in 3.5% Nu Sieve.
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Figure 1: Pedigree of the family studied. Black square and circles indicate individuals carrying c.388 G/T exon 2 LMNA gene mutation.

Relatives of proband bearing LMNA gene mutations
underwent the same clinical and instrumental investigations
as propositus.

Muscle processing histology and immunohistochemistry
tecniques were applied following indications provided by
recent literature [17].

2.2. Computational Methods. To perform molecular analysis,
a 3-dimensional model of the 30 residue segments sur-
rounding the point of mutation was developed. The model
was achieved by comparative modelling using the Modeller
homology modelling software [22], where the sequence of
the selected Lamin segment was aligned to the structure of a
designed heterodimeric leucine zipper as a template.

A classical molecular dynamics (MD) approach, imple-
mented in the NAMD program [23] using the CHARMM27
force eld with an explicit TIP3 water model [24], was applied.
All simulations were performed at a temperature of 310 K
(NPT ensemble); temperature and pressure control were
verified by means of a Berendsen thermostat and Langevin
piston. The time step used in all atomistic simulations was
1 femtoseconds. The simulations and analyses reported in
this paper were performed on three model systems including
model Wt (the wild-type lamin homodimer structure),
model Hyb (the heterodimer formed by a mutated lamin
and a wild-type chain), and finally model Mut (the mutated
homodimer). The mutation p.Ala130Ser was generated on
the wild-type lamin using the mutation function of Pymol
software [25].

According to standard procedures, energy was initially
minimised by applying 1000 steps of steepest descent energy
minimization to remove possible clashing residue pairs from
the initial structures. Each system was then equilibrated by
2 ps of MD runs with position restraints on the protein
to allow relaxation of solvent molecules. Subsequently, MD
simulation was carried out for the three systems for 4 ns.

The MATCHER program [26] was used to predict
whether the sequence contained a periodically repeated pat-
tern of amino acids. MATCHER determines whether a given
protein contains the 7 residue periodicity (a, b, c,d, e, f , g)n
associated with coiled-coil proteins, based on the probability
of a given residue to occur on certain positions within coiled-
coils.

COILS software [27] was used in quantifying the effect
of the mutation on the formation of coiled-coil repeats.
COILS compares a given sequence to a database of known
parallel two-stranded coiled-coils and derives a similarity

score. By comparing this score to the distribution of scores
in globular and coiled-coil proteins, the program then
calculates the probability of the sequence adopting a coiled-
coil conformation.

MultiCoil program [28] was used to predict whether
the mutation would lead to a shift in oligomerization state;
the latter tool uses a multidimensional scoring approach to
identify and distinguish trimeric and dimeric coiled coils.

ClustalW [29], a multiple sequence alignment program
for DNA or proteins, was used to align the Lamin of
human sequence to Lamin sequence of other vertebrates and
invertebrates.

3. Results

3.1. Genetic Results. The pedigree of the family studied is
illustrated in Figure 1.

Genetic analysis revealed that proband, individuals II:9,
II:13 and III:11 carried a novel missense mutation consisting
in substitution of Guanidine with Thymidine in position
c.388 of exon 2 of the LMNA gene. This missense mutation
was not present in unaffected relatives of the proband or in
100 healthy controls. This mutation abolishes a restriction
site for Fnu4HI, creating a 175 bp fragment not present in
the homozygote wild type.

3.2. Clinical and Instrumental Finding. Clinical and instru-
mental data of LMNA gene mutated members of this family
are summarized in Table 1.

Neurological examination performed on propositus
showed hypotrophy of upper limbs, bilateral winging scapu-
lae, reduction of muscle power on shoulder girdle muscles,
axial muscles and elbow flexors; evaluation of contractures
evidenced severe neck rigidity, rigid spine and mild contrac-
tures of tendon Achilles (see Table 1).

On physical examination, pt II:13 appeared emaciated
with scarce subcutaneous fat tissue and normal trophism;
muscle power was normal for all muscle groups examined.
No contractures were detected.

Physical examination of pt II:3 and pt III:11 revealed nor-
mal trophism and muscle power; evaluation of contractures
showed moderate neck rigidity in both patients.

Cardiological investigations revealed mild cardiac con-
duction defects in the propositus, II:13 and II:3 consisting
in sporadic systolic and extrasystolic beats with no alteration
of heart structure or kinetics.
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Table 1: Clinical and instrumental data of members of the family giving their consent for the study.

Skeletal muscle involvement Muscle MRI Cardiac compromise

Age
(years)

Clinical features MRC Contractures
Thigh’s
muscles

Leg’s
muscles

Cardiac
symptoms

Echocardi
ogramme

Holter ECG

Pt II:9 49

Hypotrophy on
upper limbs,
shoulder girdle
mm weakness,
winging
scapulae

3 should. flex.
and abduct., 2
should. ext., 3
should adduct

Rigid spine,
neck rigidity,
TA (−15◦)

+ GG, ++ MHG,

Palpitations;
Precordial
pain

Normal
SR, sporadic
SVES and
VES

+ VV, ++ SO,

+ SEM, + LHG

+ LHFB

Pt II:13 43 Normal N // //
+ MHG, Palpitations;

precordial
pain

Normal
SR, sporadic
SVES++ SO,

Pt III:11 21 Normal N neck rigidity

+ GG, ++ MHG,

None Normal SR+ VV, ++ SO,

+ SEM, + LHG

+ LHFB

Pt II:3 58 Normal N neck rigidity //
+ MHG, Palpitations;

precordial
pain

Normal
SR, sporadic
SVES and
VES

++ SO,

Legend: mm, muscles; should, shoulders; flex, flexors; abduct., abductors, ext., extensors; adduct., adductors; N, normal muscle strength; TA, tendon Achilles’;
+, mild alterations; ++, moderate alterations; GG, glutei muscles, VV, vasti muscles, SEM, semimembranosus, LHFB, long head of biceps femoris; MHG,
medial head of gastrocnemius; LHG, lateral head of gastrocnemius; SO, soleus; SR, synusal rhythm, SVES, supraventricular systolic beats; VES, ventricular
systolic beats.

MRI of lower limb skeletal muscles provided evidence of
signal alterations varying from mild to moderate on soleus
and medial head of gastrocnemius in the case of proband,
II:3, II:13 and III;11. III:11, II:3 and II: 9; the latter also
presented mild alterations of skeletal muscles of the posterior
region of the thighs.

Muscle biopsy, performed on propositus, showed myo-
pathic changes including moderate variability of fibre size
and shape, rare regeneration, prevalence of type I fibres;
Immunohistochemistry evidenced only a few fibres express-
ing foetal myosin (data not shown); it also showed normal
expression and localisation of lamin A and C proteins down
the nuclear membrane (Figure 5).

Protein analysis by means of western blot showed normal
molecular weight and amount of proteins examined (data
not shown).

3.3. Simulation Results. Prediction of the coiled-coil heptad-
repeats along the Lamin A sequence (by means of MATCHER
program) showed that the residue 130 (Alanine) is located at
the d position in the heptad repeat.

COILS program predictions made for both the wild type
and mutated lamin sequences showed a local 50% decrease
in the probability of the sequence adopting a coiled-coil
conformation in the segment surrounding the position 130.

No significant changes were revealed by the MultiCoil
program in the probability of dimerisation (high probability
score) and trimerisation (low probability score).

ClustalW alignment of the human lamin sequence with
the orthologue protein of other vertebrates showed an almost
complete conservation of Ala in position 130.

The ClustalW program also revealed the presence of
hydrophobic residues in other aligned orthologue sequences
from invertebrates. The multiple sequence alignment is
shown in Figure 2.

The Molecular Dynamics experiments performed on
the Wt, Hyb, and Mut structures emphasized how the
average distance between the alpha carbon of the residues in
position 130 is centred, respectively, around 1.0733± 0.0615
nanometers for wild type dimer, 1.0504±0.0376 nanometers
for hybrid dimer, and finally 1.120 ± 0.038 nanometers for
the mutated dimer. The data obtained are shown in Figures
3 and 4.

4. Discussion and Conclusions

The case of a family characterised by contractures and
varying degrees of skeletal muscle compromise complain-
ing of cardiological symptoms is described. Clinical and
instrumental investigations provided evidence of a variable
compromise of skeletal muscles and extremely mild cardiac
rhythm abnormalities in all mutated individuals, with the
exception of pt III:11 in whom no rhythm deficits were
manifested. Pt II:11 also displayed a generalised reduction of
subcutaneous fat tissue.

MRI of lower limb skeletal muscles revealed mild signs
of compromise in at least soleus and medial head of
gastrocnemius in all affected individuals. The presence of
posterior leg muscle compromise in patients carrying LMNA
gene mutations and showing no clinical deficit of skeletal
muscles has already been described [30].
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Figure 2: Multiple sequences alignment of Homo sapiens lamin A with orthologs. Amino acid sequence alignment of interval 104–161 of
Homo sapiens lamin A/C (labelled SwissProt/TrEMBL accession number P02545) with Gallus gallus lamin A (P13648), X. laevis lamin A
(P11048), zebrafish Brachydanio rerio lamin A (Q90XD7), Homo sapiens lamin B1 (P20700), Drosophila melanogaster lamin C (Q24374),
worm Ciona intestinalis lamin L1 alpha (Q9GNN3), and the Hydra vulgaris lamin (Q9XZV8). For comparison, sequence of human
vimentin (Vim; P08670) is also included (highlighted red). Groups of vertebrates (Ver) are highlighted in yellow. Residues are coloured
by conservation. Percentage of conservation among the different sequences is shown at the bottom of the alignment.
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Figure 3: Cα distance between mutation points monitored along
the equilibrated portion of MD simulations. Distances between Cα
at position 130 for the three models of Lamin A dimer: Wt in red,
Hyb in blue, and Mut in green.

Genetic analysis showed that propositus, pt II:3, pt II: 13,
and pt III:11 carried a novel LMNA gene mutation consisting
in the substitution of Guanidine with Thymidine in position
c.388 of exon 2.

This “base substitution” modifies the original nucleotide
triplette GCT into TCT which encodes for an aminoacid
Serine rather than an Alanine in position 130 of the protein
sequence of the coiled-coil region of Lamin A rod domain.
Since Serine and Alanine are characterised by different
biochemical and structural properties, this aminoacidic
variation may alter the secondary and tertiary structure of
lamin filaments. Previous reports have indicated exon 2
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Figure 4: Variations inCα distance between mutation points on the
three different dimer models. Box plot representation of variations
inCα distance between mutation points on the three different dimer
models evaluated from the equilibrated portion of MD simulation:
Wt in red, Hyb in blue, and Mut in green. Hyb and Mut show a
minor spread of this distance.

LMNA gene c.357-1G > T and c.398G > T and c.398G > C as
being the mutations most closely located to the one identified
by our group [31].

The mutation c.357-1G > T (Asn120LeufsX5) yields
for the amino acid Asparagine in the place of LeufsX5 in
position 120 of lamins (described by Johan den Dunnen)
whilst mutations c398G > T and c398G > C encode for
an Arginine instead of a Leucine in position 133; the
latter two mutations are associated to different phenotypes
featuring generalized lipoatrophy, insulin-resistant diabetes,
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Figure 5: Immunohistochemistry of Lamin A and C protein;
normal localisation of lamins of the A and C types down the nuclear
membrane.

disseminated leukomelanodermic papules, liver steatosis
and cardiomyopathy (mutation c398G > T) and atypical
Werner’s syndrome (mutation c398G > C). The reason
underlying a similar diversity in clinical manifestations
associated to missense mutations located in close proximity is
still open to debate: modifying factors capable of explaining
a diverse phenotype among individuals carrying an identical
LMNA gene mutation or carrying LMNA gene mutations
located at a short distance have been described previously
[12].

The possible pathogenetic effect of the LMNA gene
mutation described may be further investigated by means of
computational analysis; the MATCHER program revealed a
modification of flexibility and stability at the region of lamin
protein in which amino acid substitution occurred.

Taking into account the d positions of heptads consti-
tuting the rod domain, it was evident that positions were
occupied by a heterogeneous pool of amino acids featuring
diverse chemical properties; indeed, analysis of the heptads
predicted by MATCHER program revealed that amino acids
located in d positions were as follows: Tyr, Leu, Val, Lys,
Met, Gln, and Glu. Thus, it is feasible to maintain that
substitution in position 130 of Ala, a nonpolar amino acid,
with Ser, a polar amino acid, would not produce severe
effects. However, comparing the multiple alignment of rod
domain of human lamins with orthologue sequences of other
vertebrates [4], it is noteworthy that the amino acid Ala
occupying position 130 is highly conserved. This observation
suggests that the presence in position 130 of an amino
acid with different chemical properties is not evolutionarily
favourable. The latter hypothesis is supported by predictions
obtained by Coil program, based on the alignment with a
database of coiled coil structures; Coil program indicates
a 50% decrease in probability of obtaining a coiled-coil
structure in the lamin region containing the amino acid
substitution. Molecular dynamic simulations confirmed the
exerting of a negative effect by Ala130Ser on rod domain
stability: experiments performed provided clear evidence
that the mutated homodimer is less flexible than wild type
homodimer. The reduction in flexibility likely leads to an

increase in dimer instability and, possibly, to an increased
difficulty of interaction with lamin binding partners. A
possible bias may be constituted by the current lack of
knowledge on the possible binding partners interacting with
mutated region of lamins.

Nevertheless, the present study demonstrates the poten-
tial utility of molecular dynamic simulations and compu-
tational experiments in clarifying the pathogenic role of a
specific gene mutation.

To conclude, in the case described here, c.388 G/T
exon 2 LMNA gene substitution was shown to cause a loss
in flexibility of lamin filaments and to determine a likely
impairment in the constitution of the coiled-coil structure.
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