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the newest genes are more likely to be
lost than older ones, consistent with
either stochastic or weak-selection
processes. Interestingly, they also
found a correlation between the age
of a gene and its expression levels,
indicating that genes that have started
to become functional may become
optimized at both the protein and
expression level.

Palmieri et al. [3] also revisit the
question of male-biased expression
of new genes. It had previously been
suggested that many new genes would
initially be expressed in the testis,
given a more relaxed transcriptional
environment associated with testis
expression [15]. Such genes could then
become male-biased. However,
Palmieri et al. [3] find that the fraction of
male-biased genes increases with their
age. This suggests that male-biased
gene expression of orphan genes is not
the result of a preferential recruitment
of male-biased genes, but due to a
higher loss rate of genes with unbiased
expression.

The X-chromosome in theD. obscura
group has a particularly interesting
history in representing a fusion
between an old X-chromosome and a
previous autosome (called neo-X). This
allowed Palmieri et al. [3] to revisit the
question of a prevalence of new gene
evolution on the X-chromosome [6].
They show that there is indeed an
over-representation of orphans on the
X, but only on the older chromosome
arm, not on the neo-X. Even more
intriguingly, the orphan gene loss is
elevated on the neo-X, indicating
that genes that had originally evolved
on an autosome come under different
constraints when they become
sex-chromosome associated. They
thus confirm a difference in the
dynamics of gene evolution on
autosomes versus X-chromosomes,
an effect that did not show up in the
population study of Zhao et al. [2].
Therefore, this remains an open
question for the future.

The results from the two papers
nicely complement our rapidly
broadening concept of gene evolution.
We can now draw a general life cycle
for genes that includes a stochastic
phase in which new genes can emerge
from non-genic sequences (Figure 1).
Although this early phase can only be
studied among relatively recently
diverged species, it seems likely that
it has been active throughout all
evolutionary times [1]. It will now be of
particular interest to study the proteins
that emerge out of these de novo
processes, to bring new light into the
question of the origin of new protein
domains and folds. It has been
suggested that the seemingly finite
amount of stable protein folds
observed across all domains of life is
indicative of an early origin of all folds
[16–18], possibly under different
conditions and functions than the ones
today [17]. However, entirely new folds
have been shown to arise de novo in
viruses [19] and new domains are
present in recently acquired regions of
old genes, as well as in young genes
[20]. Until now, de novo evolved genes
are largely underrepresented in
structural analyses, and it seems that
resolving their structure is a challenge
that will provide us precious
information about the origin of stable
folds, molecular functions and the
interaction between genome and
environment.
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Organelle Interactions: Melanosomes
and Mitochondria Get Cozy
Melanosomes make pigments andmitochondria make ATP. A recent study has
shown that these two organelles are connected by fibrillar bridges and that
their close physical contact may promote the biogenesis of the melanosome
by providing it with ATP.
Xufeng Wu and John A. Hammer*

Organelles are defined by their unique
structure and function, maintenance of
which is essential for normal cell
physiology. More and more, however,
we are learning about specific physical
contacts between different organelles
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Figure 1. Correlations between melanosome maturation, intracellular melanosome distribu-
tion, and the frequency of melanosome–mitochondrion contacts.

The cartoon depicts the rough correlation that exists between the maturation state of the
melanosome and its distribution within the melanocyte. Specifically, immature, lightly-pig-
mented melanosomes (stage I and II) predominate in the melanocyte’s central cytoplasm,
while mature, heavily-pigmented melanosomes (stage III and IV) predominate at the distal
ends of the melanocyte’s dendrites, the principal site of their intercellular transfer to keratino-
cytes. Daniele et al. [2] present evidence that melanosome–mitochondrion contacts occur
more often on early melanosomes to facilitate their maturation. These contacts (enlarged
in the yellow box) appear to be formed by Mfn2 on the surface of the mitochondrion and an
unknown protein (denoted as ‘?’) on the surface of the melanosome.
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that mediate important functional
cooperation between them. The
master of such organelle contacts
is the endoplasmic reticulum (ER),
which is physically tethered to a wide
array of other organelles, including
mitochondria, peroxisomes,
endosomes, and the plasma
membrane [1]. These contacts mediate
many important functions, including
calcium homeostasis, lipid biogenesis,
and, in the case of mitochondria,
organelle division. Daniele et al. [2]
have now reported in a recent issue of
Current Biology that melanosomes,
specialized pigment-producing
organelles in melanocytes, are
physically tethered to mitochondria,
and that this connection is important
for melanosome biogenesis.

Melanosomes are modified or
‘secretory’ lysosomes that synthesize
the pigments responsible for the
coloration of skin and hair [3]. More
generally, they are a member of a large
family of lysosome-related organelles
that include platelet a granules and
lytic granules in T lymphocytes [4].
Melanosome biogenesis is marked by
four characteristic stages (stages I–IV)
that exhibit a progressive increase in
internal pigment content [5] (see the
legend to Figure 1 for more details).
This maturation process is loosely
coupled with the intracellular
distribution of the organelle, with
immature, minimally pigmented
melanosomes (stage I and II)
predominating in the central
cytoplasm, and mature, heavily
pigmented melanosomes (stage III and
IV) predominating at the distal ends of
the melanocyte’s dendrites (Figure 1).
This distribution is driven by a
combination of microtubule-based
motors, the actin-based motor myosin
Va, and different Rab GTPases [6–8].
Importantly, visible pigmentation in
mammals requires that pigmented
melanosomes be transferred out of the
melanocyte and into adjacent
keratinocytes, which make up the bulk
of hair and skin. While the mechanism
of this intercellular transfer event
remains a subject of hot debate [9,10],
there is general consensus that it
occurs predominantly at the tips of the
melanocyte’s dendrites (Figure 1).
Therefore, the rough coordination
between the melanosome’s maturation
and its distribution inside the
melanocyte serves two purposes — it
prevents immature melanosomes from
being transferred to keratinocytes and
it promotes the transfer of pigmented
melanosomes.

Using correlative light and electron
microscopy (EM), Daniele et al. [2]
initially found that w11% of all
melanosomes are localized within
the vicinity of a mitochondrion
(within 100 nm), and w7% contact
a mitochondrion. These contacts
covered on average w14% of the
melanosome’s perimeter. Therefore,
the overall extent of melanosome
membranes engaged in contact with
mitochondria was w1% (for reference,
w2.25% of mitochondrial membranes
are in contact with ER). Importantly,
the ‘vicinity’ value rose to w17% when
just immature melanosomes (i.e. those
undergoing active melanogenesis)
were scored. Most dramatically, EM
tomography revealed electron-dense
fibrillar bridges connecting the limiting
membranes of melanosomes and
mitochondria. The bridges appeared in
clusters of two or three, were 10–15 nm
thick, and had a length of around
25 nm. These dimensions are quite
similar to the dimensions of the protein
tethers that have been reported to
connect ER and mitochondria [11,12],
which Daniele et al. [2] also observed
in their EM analysis.
In their search for molecule(s)

comprising the melanosome–
mitochondrion tether, Daniele et al. [2]
took a lead from recent work
implicating the protein mitofusin 2
(Mfn2) in mitochondrion–ER tethers
[13]. Mfn2 is a dynamin-related GTPase
that resides on the outer mitochondrial
membrane, where it plays a central
role in the homotypic fusion of
mitochondria [14]. Importantly, work
of Scoranno and colleagues [13] has
also implicated Mfn2 in the tethering
of mitochondria to ER (although
see [15], where an increase in
mitochondrion–ER contacts was
observed in Mfn2-deficient cells).
Daniele et al. [2] found by EM
immunogold labeling that Mfn2 is
present at the contacts between
melanosomes and mitochondria,
and at about the same density as for
contacts between mitochondria
and ER. Moreover, the localization
was specific, as Mfn2 labeling at
melanosome–mitochondrion contacts
largely disappeared in Mfn2
knockdown cells. Importantly,
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around a 75% reduction in the
level of Mfn2 using RNAi resulted
in a w40% reduction in
melanosome–mitochondrion contacts.
This is comparable to the reduction in
mitochondrion–ER contacts seen in
fibroblasts from Mfn2 null mice [13].
Together, these data led to the
suggestion that Mfn2 on the outer
mitochondrial membrane was required
for melanosome–mitochondrion
contacts.

To obtain evidence that
melanosome–mitochondrion contacts
have functional significance, the
authors then examined melanocytes
that lack OA1, a G-protein-coupled
receptor that is known to promote
melanogenesis [3]. Remarkably,
OA1-deficient melanocytes
exhibited a 37% decrease in
melanosome–mitochondrion contacts
across all melanosome stages,
indicating that contact frequency is
significantly reduced in a model of
aberrant melanogenesis. The authors
then used the rescue of OA1-deficient
melanocytes by re-expression of
OA1 as an ‘inducible’ melanogenesis
model to assess the role of
melanosome–mitochondrion contacts
in active melanogenesis. Rescued
melanocytes exhibited large numbers
of small, immature melanosomes in
their central cytoplasm, as well as
clustering of immature melanosomes.
Moreover, in some rescued cells
melanosome–mitochondrion contacts
were very long, with melanosomes
appearing to be ‘embraced’ by the
mitochondrion. Most importantly,
melanosome–mitochondrion
contacts were around 1.5 times more
frequent for melanosomes in the
central cytoplasm than throughout
the entire cell, and these contacts
occurred with approximately 1.5-fold
higher frequency on immature,
lightly-pigmented (stage I and II)
melanosomes than on mature,
pigmented (stage III and IV)
melanosomes. In other words,
melanosome–mitochondrion contact
frequency appeared to correlate
positively with the process of
melanosome biogenesis. On the basis
of these data, together with similar
data for wild-type melanocytes, the
authors argued that newly-generated
melanosomes in the central cytoplasm
aremore likely to contactmitochondria,
possibly because these contacts
support early stages of melanosome
maturation. Finally, knockdown
of Mfn2 in OA1-deficient cells prior
to re-expression of OA1 interfered
with the rescue of melanosome
biogenesis upon OA1 re-expression,
arguing that Mfn2-mediated
melanosome–mitochondrion contacts
support melanosome biogenesis.

In their final experiment, the authors
sought support for their assumption
that the benefit provided to immature
melanosomes by their close contact
with mitochondria is an increase in
the supply of ATP, which is consumed
by multiple melanosome-associated
processes. Towards this end, they
added oligomycin, amitochondrial ATP
synthesis inhibitor, to OA1-deficient
cells 24 hours after they had been
transfected with OA1.While oligomycin
did not inhibit the stimulation of
new melanosome formation, it did
reduce the overall frequency of
melanosome–mitochondrion contacts
by around 40%, with a greater effect on
immature melanosomes and clustered
melanosomes (a possible intermediate
in melanosome biogenesis) than on
mature melanosomes. Thus, both
Mfn2 knockdown and inhibition of
mitochondrial ATP synthesis interfere
with melanosome biogenesis,
possibly because they inhibit
melanosome–mitochondrion contacts,
which most often involve immature
melanosomes.

While the work of Daniele et al. [2]
is quite novel and exciting, some
more focused interventions could
significantly extend support for the
idea that melanosome–mitochondrion
contacts are important formelanosome
biogenesis. For example, a
knockdown/replacement experiment
using a version of Mfn2 that is normal
in every way except for its ability to
see the melanosome would provide
a clearer test of the functional
significance of the connection.
Similarly, identification and deletion
of the protein(s) on the melanosome
surface that interact(s) with Mfn2
(Figure 1) would provide amore specific
way to interrupt the supply of ATP from
the mitochondrion to the melanosome
than the application of oligomycin,
which could be having pleiotropic
effects. The key to these future
experiments is a deeper understanding
of the nature of the physical tether
connecting the melanosome to
the mitochondrion. Such information
may also help ignite efforts to identify
interorganelle contacts for other
lysosome-related organelles.
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