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Laminopathies: Too Much SUN Is a Bad Thing

SUN proteins accelerate the pathological progression of laminopathies.
Although the mechanisms remain to be elucidated, an intriguing possibility is
that high levels of SUN proteins lead to a hyperactive DNA damage response.

Daniel A. Starr

Lamins are a class of intermediate
filaments that underlie the inner nuclear
membrane and provide mechanical
structure and stiffness to the nuclear
envelope. Over a dozen human
diseases, termed laminopathies, are
associated with mutations in the gene
encoding lamin A, including muscular
dystrophies associated with cardiac
myopathy, lipodystrophies, diabetes,
peripheral neuropathies, and
premature aging syndromes [1].

The mechanisms of how mutations in
lamin A lead to the progression of the
phenotypically diverse laminopathies
are not understood.

The field has focused on two models
for how defects in lamin A contribute
to disease [2] (Figure 1). In the first,
lamin A plays a mechanical role;
defects in lamin A make nuclei less
stiff and subject to physical damage.
The second model postulates that
mutations in lamin A disrupt the
transcriptional profile of important
differentiation genes. Two recent
papers report exciting new findings
about the role of SUN proteins at the
nuclear envelope. Each proposes an
alternative model for how SUN proteins
and lamin A together contribute to the
pathology of laminopathies (Figure 1).
Chen et al. [3] propose that an
abnormal accumulation of SUN
proteins at the Golgi leads to cellular
toxicity, while Lei et al. [4], as reported
in this issue of Current Biology,
propose that high levels of SUN
proteins at the nuclear envelope in
lamin A mutant cells lead to toxicity
through hyperactivity of the DNA
damage response.

Lamins are mechanically coupled
to the cytoskeleton by a complex of
SUN and KASH proteins termed
the LINC compilex (for linker of the
nucleoskeleton and the cytoskeleton)
[5]. SUN proteins localize to the inner
nuclear membrane where their
nucleoplasmic domains interact with

lamins and their luminal domains
recruit KASH proteins to the outer
nuclear membrane. The SUN-KASH
interaction was recently characterized
at the structural level [6]. The
cytoplasmic domains of KASH
proteins then associate with various
components of the cytoskeleton,
completing bridges across the nuclear
envelope [5]. SUN proteins play
important roles in a wide variety of
cellular and developmental functions,
mostly through regulating the
intracellular position of the nucleus.

In mice, SUN proteins are required for
gametogenesis, neurogenesis, muscle
development, and retinogenesis;
Sun1” Sun2”" double knockout mice
die shortly after birth as they are unable
to breathe [7-9]. It has long been
hypothesized that defects in SUN
proteins might lead to progression

of laminopathies [10-13].

To test the role of SUN proteins in the
progression of laminopathies, Chen
et al. [3] engineered mice mutant for
both lamin A and Sun1. Surprisingly,
knockout of Sun1 reduced the severity
of phenotypes associated with the
lamin A”~ (Muscular Dystrophy) or
lamin AA9 (Progeria) mutant mice.
While far short of being healthy, the
Sun1, lamin A double mutant mice lived
longer and grew larger than the lamin A
single mutants. Knockout of Sun1
also ameliorated cellular pathologies
associated with laminopathies in the
lamin A mutant mice, including defects
in bone structure, muscle formation,
senescence, heterochromatin marks,
and the shape of nuclei. Similar results
were found when Sun1 was knocked
down in cells from patients with
Hutchinson-Gilford Progeria
Syndrome. This led to the surprising
conclusion that Sun1 protein enhances
the defects associated with lamin A
mutations in disease.

As a possible mechanism, Sun1
protein is more stable and over
accumulates at the nuclear envelope in
lamin A mutant mouse and Progeria

patient cultured fibroblasts. Moreover,
Sun1 abnormally accumulates in the
Golgi of lamin A mutant mouse cells,
leading to the proposal that large
amounts of Sun1 at the Golgi are
toxic to the cell and contribute to

the pathology of laminopathies [3].
While this is an intriguing and novel
model, no Sun1 was observed at the
Golgi in cells from Hutchinson-Gilford
patients [3,10], and the role of Sun2,
which does not over-accumulate

in a lamin A mutant background,

is not clear. Moreover, the experiments
implicating the Golgi rely on drug

or overexpression treatments

that could have many non-specific
targets.

An alternative model is that SUN
proteins mediate the DNA damage
response. Lei et al. [4] isolated
embryonic fibroblasts from Sun1
Sun2” double knockout mice to study
the role of SUN proteins in the stability
of the genome. The Sun1™" Sun2™”
fibroblasts arrested in S-phase of the
cell cycle, displayed a slightly higher
incidence of apoptosis, exhibited
excessive DNA damage, and had
decreased levels of perinuclear
heterochromatin. While examining
markers of the DNA damage response,
Lei et al. [4] found that levels of
phosphorylated histone 2A.X and
Chk1, both markers of an active DNA
damage checkpoint, were much lower
in the Sun1™ Sun2” cells. Most
significantly, treatment with
DNA-damaging chemicals failed to
activate the DNA damage checkpoint;
ATM was not activated and cells did
not arrest in G2 in damaged Sun1”"
Sun2”- mutant cells [4]. Thus, either
Sun1 or Sun2 is required for the DNA
damage response in normal cells.

Lei et al. [4] attempted to find
a mechanism for how SUN proteins
might mediate the DNA damage
response by identifying interacting
proteins. They found that both Sun1
and Sun2 bound to the catalytic subunit
of DNAPK, a protein known to function
in DNA repair. However, knocking
down DNAPK only led to a small
reduction in activated ATM or histone
2A.X, suggesting that this could only be
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part of the mechanism [4]. It therefore
remains to be addressed exactly

how SUN proteins mediate the DNA
damage response. Nonetheless, given
these results, and previous results
showing a role for the SUN protein
Mps3 in repair of DNA double strand
breaks in yeast [14], it is fairly clear
that SUN proteins are involved in
DNA repair.

How might a role in DNA repair
be linked to the progression of
laminopathies? Mutations in lamin A
result in an excess of DNA damage
[15,16] and an increase in the levels of
Sun1 protein [3]. Since SUN proteins
participate in the DNA damage
response, Lei et al. [4] propose that
extra Sun1 in the lamin A mutant
background could contribute to
disease pathologies by inducing
hyperactivity in the DNA damage
response. Knockdown of Sun1 could
then partially neutralize the effect of
lamin A mutations by reducing the DNA
damage response.

These two new reports, along with an
established literature, suggest multiple
potential mechanisms for how SUN
proteins might link lamin A mutations
to the pathologies of laminopathies
(Figure 1). In a normal nucleus,
lamin A forms a network providing
mechanical strength to the nuclear
envelope. The LINC complex,
consisting of SUN and KASH proteins,
then links lamin to the cytoskeleton.
Mutations in lamin A lead to an
over-accumulation of SUN proteins
at the nuclear envelope and Golgi
complex. Various defects then lead
to the diverse phenotypes of
laminopathies. However, knockdowns
of SUN protein activity can rescue
many of the pathologies associated
with lamin A mutations.

While it still remains to be elucidated
how SUN proteins contribute to the
progression of laminopathies,

a combination of the four potential
models may contribute to the disease.
In an established model, an excess of
SUN proteins could lead to more
mechanical forces on the nuclear
envelope, which is already weakened
by the disruption of lamin A.
Alternatively, mutations in lamin A
and/or overexpression of SUN could
affect the transcriptional activities

of important differentiation genes.
Two new models proposed here
suggest that an excess of SUN
proteins could lead to cellular

toxicity by disrupting the Golgi
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Figure 1. Models for how lamin A and SUN proteins contribute to pathologies of lamino-
pathies.

(A) A normal nucleus with lamin A (green), SUN (red), and KASH (blue) proteins at the nuclear
envelope. (B) A deformed nucleus lacking lamin A with an over-accumulation of SUN proteins
at the nuclear envelope. (C) The knockdown of SUN proteins rescues many of the pathologies
of a lamin A mutant nucleus. See text for discussion of the four models.

complex or inducing hyperactivity these four models in the progression
of the DNA damage response. Future of laminopathies.
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Pollination: The Price of Attraction

Nectar is the major currency bringing together plants and pollinators; yet the
costs and benefits of nectar production remain poorly understood. A low nectar
line developed in Petunia offers an innovative approach to this problem and
may offer clues to why some plants cheat and secure pollination via deception.

Michael R. Whitehead,
Ryan D. Phillips, and Rod Peakall

While plants use a diverse range of
visual and olfactory cues to advertise
to pollinators [1], nectar is the major
currency by which plants sustain
repeat pollinator visitation [2]. So
what are the costs and benefits of
nectar production? How can plants
optimise nectar production within

a complex fitness landscape of
competing interests, and how do
genetic and physiological constraints
on seed set, pollinator behaviour
and community context influence
the outcome?

Manipulative experiments are
crucial for addressing these questions.
These have shown that plants can
enhance seed set and pollen removal
by increasing nectar production [3-5]
but also indicate that nectar can
incur a fithess cost to the plant
both energetically [6], and through
increased self pollination [7-9]
(Figure 1). Despite their simple
elegance, such experiments are

labour intensive, short rather than
long term, and can damage the
flower. Furthermore, simultaneously
measuring lifetime reproductive
fitness as a function of nectar
production is difficult [2], perhaps
even impossible.

As reported in this issue of
Current Biology, Brandenburg et al.
[10] have employed an innovative
complement to experimental
manipulation that promises new
clues about the cost of nectar
production. They exploited the
model system Petunia to develop
an introgression line, called F25,
with the desired trait of low nectar
volume. This line was constructed
by performing an initial hybrid
cross between the interfertile
low volume nectar-producing
P. integrifolia and the high volume
nectar-producing P. axillaris, followed
by three successive backcrosses to
P. axillaris. For subsequent
laboratory experiments, F25 and
control lines were vegetatively
propagated.

For introgression lines to be
informative, they need to be similar
in all respects to control lines, but for
the trait of interest. Brandenburg
et al. [10] confirmed that flower color,
shape and size, as well as pollen
and ovule production in F25 were
indistinguishable from the control
parent. Furthermore, 64 out of 65
diagnostic genetic markers matched
P. axillaris. As planned, nectar volume
was reduced in F25, being on average
30% of the nectar volume of the
controls.

In the laboratory, naive hawkmoth
pollinators did not discriminate
between F25 and control plants.
However, probing time at flowers
was significantly lower at F25 flowers.
This behavioural difference translated
to reduced seed set, confirming
a fitness cost of reduced nectar
production. A critical additional
finding was that hand-pollinated seed
set was significantly higher in F25,
suggesting that the energetic savings
on nectar production might be
re-invested by the plant to enhance
fitness. This exciting finding supports
the expectation that nectar production
has important lifetime fitness
consequences for plants [6].

The development of line F25 and
these initial laboratory experiments
are but the first step. Demonstration
of its full potential awaits its
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