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DISCO is key to successful centriole maturation
Noémie Gaudin, Paula Martin Gil, and Juliette Azimzadeh

Centriole maturation is essential for ciliogenesis, but which proteins and how they regulate ciliary assembly is unclear. In this
issue, Kumar et al. (2021. J. Cell Biol. https://doi.org/10.1083/jcb.202011133) shed light on this process by identifying a
ciliopathy complex at the distal mother centriole that restrains centriole length and supports the formation of distal
appendages.

The primary cilium plays a crucial role in
embryonic development by allowing the
integration of a variety of inputs, including
chemical and mechanical signals. Primary
cilia are found on most cell types; thereby,
mutations in genes encoding cilia compo-
nents may perturb many cellular functions,
including airway mucus clearance, mechano-
sensation, and cell signaling, which are central
regulators of organ function and homeostasis.
Numerous mutations leading to ciliary dys-
function have been identified in recent years
and thus linked to human cilia-related dis-
eases, called ciliopathies (1, 2). Some of these
mutations affect components of the centrioles,
which are cytoplasmic cylindrical structures
composed by triplets of microtubules arranged
in a ninefold symmetry.

Cilia originate from centrioles and are
anchored to the cell surface. In most mam-
malian cells, centrioles are present within
the centrosome, the main organizing center
of microtubules. During G1 phase, cells have
one centrosome containing two centrioles of
different ages. The older mother centriole is
distinguished from the younger daughter
centriole by the presence of two sets of ap-
pendages organized around its circumfer-
ence. The centrosome duplicates in S phase
and, as a result, a new centriole is formed
orthogonally to each parent centriole. The
new centrioles subsequently elongate dur-
ing S and G2 phases, and each daughter cell
inherits a parent and a newly formed cen-
triole after mitosis. During this transition,

new centrioles become daughter centrioles,
and the daughter centriole from the previ-
ous cycle acquires appendages to mature
into a mother centriole. Distal appendages
(DAs) are essential for anchoring themother
centriole to the plasma membrane and for
the formation of a cilium (2). The formation
of a mature centriole competent for cilio-
genesis is therefore a complex process tak-
ing place over three successive cell cycles.

Different molecular factors required for
the progressive maturation of centrioles and
the assembly of DAs have been identified
in the past, and perturbation of their func-
tion has been linked to ciliopathies (2, 3).
However, the precisemechanismbywhichDAs
are assembled onto centrioles remains elu-
sive. In this issue, Kumar et al. focused their
attention on CEP90, a poorly characterized
protein whose mutations have been impli-
cated in several ciliopathies (4). CEP90 is
a component of centriolar satellites, which
are proteinaceous granules located at the
periphery of the centrosome (5, 6). Using a
combination of expansion microscopy and
structured illumination super-resolution
microscopy techniques, the authors found
that CEP90 also localized to centrioles,
where it formed a discontinuous ring with a
ninefold symmetry. CEP90 localized near a
well-characterized DA component, CEP164,
which was consistent with CEP90 being
present at the base of these appendages.
Then, they searched for CEP90 interactors.
For that, the researchers first had to

circumvent the shortcoming of discrimi-
nating between interactions that may take
place at the centrosome from those occurring
within centriolar satellites. To get around this,
Kumar et al. used a cell line in which satellite
assembly is inhibited. Among the candidates
they found interacting with CEP90 at the cen-
trosome were OFD1 and Moonraker (MNR),
which are two proteins previously associated
with multiple ciliopathies. OFD1 is a centriole
component required to restrict centriole elon-
gation and assemble DAs (7). MNR, also called
OFIP or KIAA073, is a satellite component
necessary for cilia formation (8). Making again
use of super-resolution microscopy, the au-
thors showed that all three proteins colocalized
at the centriole distal end, with the MNR pro-
tein being the closest to the centriole wall, so
they named this newly identified complex after
DISCO (distal centriole complex).

Next, Kumar et al. elegantly demon-
strated that, as previously shown for OFD1
(7), inactivating either CEP90 or MNR led to
the absence of cilia in cells. In mice, defi-
ciency of any of these proteins resulted in
Hedgehog signaling inhibition and early ar-
rest of embryonic development. As reported
for OFD1-deficient cells, loss of MNR in hu-
man cells resulted in overly long centrioles.
However, centriole length was normal in
CEP90-deficient cells, suggesting partially
distinct functions between members of the
DISCO complex. The authors noted that cil-
iogenesis was blocked at an early stage in
CEP90−/− and MNR−/− cells and, given that

.............................................................................................................................................................................
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DAs are essential for centriole anchoring and
ciliogenesis, they decided to examine DA
organization in these cells (4). Indeed, they
found that DA components, such as CEP83,
were not recruited during centriole matu-
ration in MNR−/− or CEP90−/− cells, and DAs
were not detected by electron microscopy.
These findings pointed out that CEP90 and
MNR, like OFD1, were required for the as-
sembly of DAs.

Since CEP90 is required for satellite ac-
cumulation around the centrosome, and
satellites are, in turn, essential for cilio-
genesis (6), one possible explanation to their
results is that CEP90 might affect DA as-
sembly indirectly via its role in satellite lo-
calization. To answer this question, the
authors again used cells lacking centriolar
satellites. CEP90 was correctly localized at

centriole distal ends in these cells, and DAs
were formed, supporting a direct require-
ment for the centriolar pool of CEP90 in DA
assembly. Putting all their data together,
Kumar et al. proposed the following model:
First, MNR is recruited to elongating cen-
trioles, which, in turn, triggers the recruit-
ment of OFD1 to arrest elongation at the end
of the first cell cycle. MNR and OFD1 then
recruit CEP90, which initiates the recruit-
ment of DA components, including CEP83, at
the end of the following cell cycle (Fig. 1).
Thus, the DISCO complex allows for coupling
the arrest of centriole elongation to centriole
maturation across successive cell cycles.

Besides OFD1 and MNR proteins, Kumar
et al. also identified a protein called
FGFR1OP N-Terminal Like (FOPNL or
FOR20) as a potential CEP90 interactor (4).

Interestingly, this interaction was con-
firmed in a recent study describing that a
complex containing CEP90, OFD1, and FOPNL
localizes at the distal end of Paramecium
centrioles and is necessary for the recruit-
ment of DA components and centriole
docking in Paramecium and human cells (9).
FOPNL was previously found in complex
with MNR and OFD1 and shown to facilitate
their interaction (8). Together, these data
suggest that the DISCO complex could also
include FOPNL. The functional similarities
of some of the components of the DISCO
complex between Paramecium and humans
strongly suggest that the role of DISCO in
centriole maturation and ciliogenesis is
broadly conserved across species.

Previous studies in different organisms
have underpinned the relevance of ciliopathy-
associated proteins to ensure normal orga-
nism development and tissue function (1, 2).
Overall, the findings by Kumar et al. highlight
the critical role of a ciliopathy-associated
protein complex at distal centrioles in build-
ing distal appendages, thus supporting cen-
triole maturation and ciliogenesis in rodents
and human cells (4).
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Figure 1. The DISCO complex restrains centriole elongation and initiates DA assembly. (1) The
DISCO complex member MNR is recruited first at the distal end of assembling centrioles. MNR then
recruits other members of the complex, including OFD1, which inhibits centriole elongation at the end of
the first cell cycle, i.e., when newly formed centrioles become daughter centrioles (DCs). Other members
of the complex include CEP90 and possibly also FOPNL. (2) At the end of the following cell cycle, as the
daughter centriole matures into a mother centriole (MC), CEP90 initiates the recruitment of CEP83, the
most upstream component in DA assembly. A previously identified interaction between OFD1 and an-
other DA component, CEP89, might also contribute to DA organization (10). Proteins are drawn in
contact with each other when an interaction or hierarchical recruitment was described (3, 4, 8, 11).
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