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ABSTRACT
The selective clearance of cellular components by macroautophagy (hereafter autophagy) is critical for
maintaining cellular homeostasis. In this punctum, we summarize and discuss our recent findings
regarding a novel type of selective autophagy that targets centriolar satellites (CS) for degradation,
a process we termed doryphagy from the Greek word “doryphoros”, standing for “satellite”. CS are
microtubule-associated protein complexes that regulate centrosome composition. We show that CS
degradation is mediated through a direct interaction between GABARAPs and an LC3-interacting region
(LIR) motif in the CS protein PCM1. Autophagy-deficient systems accumulate large abnormal CS and
consequently display centrosome reorganization and abnormal mitoses. Our findings provide
a mechanistic link between autophagy deficiency and centrosome abnormalities and exemplify how
mammalian Atg8-family proteins (mATG8s) can regulate substrate specificity.
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Whereas macroautophagy (hereafter autophagy) was long
considered a largely nonspecific process, it is now well
demonstrated that a wide range of substrates are specifically
recruited to the developing autophagosome/phagophore for
engulfment and degradation. Substrate specificity can be
achieved through specialized autophagy receptors that simul-
taneously bind ubiquitin tags on the substrate and mATG8
proteins. Alternatively, substrate-resident proteins may
directly bind mATG8 proteins through LIR motifs.

The centriolar satellites (CS) are large protein complexes
associated with microtubules surrounding the centrosome
that appear as cloud-like structures by fluorescent immuno-
detection. The CS are primarily composed of centrosome
proteins, and they regulate centrosome composition through
dynein-mediated trafficking along the microtubules. The cen-
trosome is the major microtubule-organizing center of animal
cells and also organizes the mitotic spindle that mediates the
equal distribution of DNA during cell division. CS assembly
depends on the PCM1 protein that provides a scaffold for
their formation. As the CS have only begun to attract atten-
tion in recent years, many aspects of their biological function
and regulation remain to be discovered.

We began our study after observing abnormal mitoses
following genetic or pharmacological inhibition of autophagy
[1]. To specify the nature of the abnormalities, we performed
time-lapse imaging and detailed microscopy analyses. We
found that the centrosomes were intact prior to cell division
but then pulled apart in mitosis during chromosome align-
ment, a phenotype termed centrosome fragmentation.

Consequently, autophagy-deficient cells display mitotic
delay, unbalanced chromosome segregation, formation of
micronuclei and post-mitotic cell death.

During mitosis, the centrosomes are subjected to a high level
of stress frommotor protein-generated traction forces, that align
the chromosomes on the metaphase plate. We therefore rea-
soned that mitotic centrosome fragmentation could reflect an
inherent instability in the centrosomes, making them unable to
withstand such forces. A detailed analysis of centrosomes in
autophagy-deficient vs. autophagy-proficient cells revealed that
the centrosome composition varies between the two conditions.
In particular, specific centrosome proteins accumulate in the CS,
suggesting CS dysfunction. Indeed, a CS analysis showed that
autophagy-deficient cells accumulate large dysmorphic CS, lead-
ing us to hypothesize that autophagy may mediate their
degradation.

To identify putative CS substrates, we conducted mass spec-
trometry analyses using 3 mATG8 variants: MAP1LC3/LC3B,
GABARAP and GABARAPL2 as bait. By this approach, we
identified 2 strong CS hits, PCM1 and CEP131, that interact
with GABARAPs but not LC3B, with a clear preference for
GABARAPL2. Interestingly, PCM1 and CEP131 are precipitated
as a complex, with PCM1 being the interaction point. As addi-
tional CS components show a similar mATG8 specificity, we
concluded that the entire CS complex interacts with GABARAPs
and found that the PCM1-GABARAP interaction is direct and
occurs through a C-terminal LIR motif in PCM1. As the deter-
minants of LIR binding to distinct mATG8s are not well-
understood, we used modeling and molecular dynamics
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simulations to shed light on this topic. This approach allowed us
to conclude that PCM1 specificity toward GABARAP depends
on residues inside and upstream the core PCM1 LIR, as well as
on specific polar and negatively-charged GABARAP residues
(Y25 and E8, respectively).

Next, we determined that the CS are indeed autophagy
substrates. CS proteins accumulate following inhibition of
basal autophagy and decrease upon starvation. In addition,
CS proteins clearly colocalize with both autophagosomes and
lysosomes.

To link the PCM1-GABARAP interaction to CS degrada-
tion, we took advantage of a PCM1 LIR mutant, with strongly
reduced binding affinity for GABARAPs. Unlike wild type
PCM1, the PCM1 LIR mutant does not distribute to autopha-
gosomes or lysosomes, confirming that the PCM1-GABARAP
interaction is required for PCM1 degradation. Furthermore,
depletion of GABARAPL2, but not LC3B or GABARAP,
results in PCM1 accumulation and abnormal mitoses, in
agreement with the highest binding affinity being observed
for GABARAPL2. Thus, CS accumulation and mitotic pheno-
types display the same mATG8 selectivity as the PCM1-
mATG8 interaction.

In sum, our findings identify a novel selective autophagy
pathway of CS, a process we term doryphagy from the Greek
word “doryphoros”, standing for “satellite” (Figure 1). While
our results led us to focus on cell division, doryphagy may
potentially affect all centrosome-related functions, such as
cellular migration, ciliogenesis, cell polarity and cell adhe-
sion, affecting cell fate and cell survival in addition to pro-
liferation. Interestingly, Sharon Tooze’s lab has identified
PCM1 as a key factor in modulating, the other way around,
autophagosome formation, implying the existence of a dual
activity of this molecule. Indeed, the presence of regulatory
feedback pathways in controlling autophagy is a quite com-
mon scenario, with, for example, the upstream autophagy
regulators MTOR/mTOR, AMPK, AKT and ULK1 being
reciprocally and finely modulated by post-translational
modifications.

In recent years, an increasing number of selective autophagy
pathways have been discovered, in which mATG8 proteins
directly interact with substrate-resident proteins or even indivi-
dual long-living proteins. Examples include FASN/FAS (fatty acid
synthase), CBL/c-Cbl for SRC/Src kinase degradation, RETREG1/
FAM134B for endoplasmic reticulum disposal and BNIP3L/Nix,
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Figure 1. Centriolar satellites are substrates of selective autophagy. The centriolar satellite (CS) protein PCM1 directly binds GABARAP/L2 through a LIR motif. This
interaction mediates the selective engulfment of the CSs targeted for degradation into phagphores. Notably, autophagy inhibition results in loss of pericentriolar
material integrity, which has an impact on centrosome stability and causes aberrant mitoses.
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BNIP3, FUNDC1, and Atg32 for mitophagy. In the case of dor-
yphagy, we have identified PCM1 as a CS-specific autophagy
receptor.While we show that CS degradation is mediated through
a direct LIR-dependent interaction, a number of questions remain
unanswered. Is the interaction and thus the degradation regu-
lated? Does it occur without the requirement of post-translational
modification on the key regulators GABARAPL2 or PCM1? Are
the CS targeted for degradation continuously as a baseline control
system or are abnormal CS somehow flagged for removal? Also,
canCS degradation be (specifically) induced in response to stimuli
(other than starvation) and if so, what is the functional signifi-
cance? Interestingly, the CS have previously been reported to
disperse in response to stress stimuli. Doryphagy may therefore
be part of a larger stress network regulating the CS. How this
interplay is regulated and how it affects the centrosome and
possibly cell cycle progression is an interesting topic for further
studies.

Another interesting aspect is the selectivity toward
GABARAPs and in particular GABARAPL2. With the identi-
fication of new selective degradation pathways, it will be
interesting to link mATG8 proteins to individual cellular
functions and, possibly, to map mATG8 expression patterns
to specific cell types, tissues, developmental stages or patho-
logical conditions. The continuous improvement of techni-
ques for identification of functional LIRs and their mATG8
specificity may aid this process.

Finally, the relevance of autophagy in controlling centro-
some homeostasis by acting on CS activity may highlight
additional roles for this process in a number of pathological

conditions. Due to the key function of centrosomes in cell
division, polarity and migration, the relationship between
doryphagy and cancer biology is particularly relevant, and
this novel selective autophagy process may turn out in the
near future to be of the highest importance in biomedicine.
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