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EXTRAVIEW

CEP192 interacts physically and functionally with the
K63-deubiquitinase CYLD to promote mitotic spindle assembly
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EP192 is a centrosome protein that

plays a critical role in centrosome
biogenesis and function in mammals,
Drosophila and C. elegans."¢ Moreover,
CEP192-depleted cells arrest in mito-
sis with disorganized microtubules,
suggesting that CEP192’s function in
spindle assembly goes beyond its role in
centrosome activity and pointing to a
potentially more direct role in the regu-
lation of the mitotic microtubule land-
scape.” To better understand CEP192
function in mitosis, we used mass spec-
trometry to identify CEP192-interacting
proteins. We previously reported that
CEP192 interacts with NEDDI, a pro-
tein that associates with the +y-tubulin
ring complex (y-TuRC) and regulates
its phosphorylation status during mito-
sis.® Additionally, within the array of
proteins that interact with CEP192, we
identified the microtubule binding K63-
deubiquitinase CYLD. Further analyses
show that co-depletion of CYLD allevi-
ates the bipolar spindle assembly defects
observed in CEP192-depleted cells.
This functional relationship exposes
an intriguing role for CYLD in spindle
formation and raises the tantalizing pos-
sibility that CEP192 promotes robust
mitotic spindle assembly by regulating
K63-polyubiquitin-mediated signaling
through CYLD.

Introduction
CEP192 is required for centrosome mat-
uration at the onset of mitosis. Mitotic

centrosomes in CEP192-depleted cells do
not recruit pericentriolar material (PCM)
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and are unable to nucleate microtubules.
Moreover, although microtubules are gen-
erated in the vicinity of chromosomes in
these cells, contrarily to what is observed
in cells lacking centrosomes by centriole
defects or physical ablation,”" they fail
to self-organize into bipolar spindles.>®
This observation suggests that CEP192,
in addition to regulating centrosome
maturation, has a more specific role in the
organization of the mitotic microtubule
landscape.”

Although significant advances have
been made concerning our understanding
of CEP192 importance in spindle assem-
bly, the molecular mechanisms underlying
the critical role of CEP192 in this process
are only now starting to be unraveled.
We have recently found that CEP192
interacts with the microtubule binding
protein NEDD1 and regulates its mitotic
phosphorylation.® Additionally, CEP192
interacts with the mitotic kinase AURKA
and controls its activation.!? Nevertheless,
a precise molecular mechanism that
explains why and how CEP192 affects
spindle assembly, and particularly micro-
tubule organization, remains elusive.

CEP192 physically interacts with
the K63-deubiquitinase CYLD. To gain
insights on CEP192 function, we used
mass spectrometry to identify CEP192-
interacting proteins. Our analysis revealed
that, in addition to NEDDI1,®* CEP192
associates with an array of proteins of
diverse activity (Fig. 1A; Fig. S1). Indeed,
CEP192 associates with the centrosome
proteins  CEP85/CCDC21, ALMSI
and SDCCAGS. Interestingly, both
ALMS] and SDCCAGS are implicated
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Figure 1. CYLD interacts physically with CEP192. (A) CEP192 interaction partners identified by immunoprecipitation and mass spectrometry analysis
(see also, Fig. S1 and Table S1). Large nodes represent hits found in three out of three experiments, while the small nodes indicate hits found in two
out of three experiments. Depletion of the proteins colored in beige using RNAI did not affect spindle assembly (data not shown). Nodes in red repre-
sent hits with a known (NEDD?1) or novel (CYLD) role in spindle formation. (B) FLAG-CEP192 and GFP-CYLD were expressed in HEK293 cells. Immuno-
precipitation of either protein followed by western blot confirm their physical interaction.

in cilia function.*" Critically, we found
that CEP192 associates with the K63-
deubiquitinating enzyme (DUB) CYLD,
in line with the recently described DUB
interactome™'® (Fig. 1A). This interaction
was confirmed by immunoprecipitation
followed by western blot (Fig. 1B).
CYLD co-depletion restores spindle
assembly defects in CEP192-depleted
cells. With the exception of NEDDI,
depletion of the novel CEP192 interactors
analyzed did not perturb spindle assembly
(Fig. 1A and data not shown). Excitingly,
however, co-depletion of CYLD alleviated
the spindle assembly defects observed in
CEP192 RNAi-treated cells (Fig. 2A-C).
These results were confirmed using two
different CYLD-specific RNAI reagents
(Fig. S2A). Furthermore, we measured the
levels of CEP192 at mitotic centrosomes
under these conditions and found that
60% of cells with comparably low levels
of CEP192 can assemble bipolar spindles
upon CYLD co-depletion (Fig. 2D;
Fig. S2B and C). Taken together, these
suggest that CYLD function
perturbs bipolar spindle assembly in
CEP192-depleted cells, raising the inter-
esting possibility that CEP192 activity is

results

required to antagonize CYLD function.
By processing  K63-polyubiquitin
chains, CYLD regulates NFkB, JNK,
p38MAPK and Akt signaling pathways,
thereby controlling multiple cellular pro-
cesses including cell proliferation and
inflammation.’*” CYLD also regulates
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the timely entry of the cell in mitosis,
possibly via PLK1."® On the other hand,
CYLD directly binds to interphase micro-
tubules through its Cap-Gly domains
and promotes tubulin polymerization,
microtubule stabilization and cell migra-
tion.”?* However, CYLD does not appear
to localize to the mitotic spindle and had
not been implicated, until now, in the
process of spindle formation. Although
further will  be
required to fully comprehend the rela-
tionship between CYLD and CEP192,
with the available data, we propose a
model by which CEP192 antagonizes
CYLD function at the onset of mitosis
to either promote de-polymerization of

mechanistic  studies

interphase microtubules (stabilized oth-
erwise by CYLD,"”?® model in Fig. $2D)
and/or preserve the ubiquitination levels
of CYLD substrates implicated in spindle
assembly.

Final remarks. Our proteomic analy-
sis identified an array of centrosomal and
microtubule binding proteins that physi-
cally interact with CEP192. Although
additional analyses are required to deter-
mine the functional relevance of CEP192
binding to CEP85/CCDC21, ALMSI or
SDCCAGS, we believe they could deter-
mine particular aspects of centrosome bio-
genesis. Moreover, our discoveries unravel
a pleiotropic and complex role of CEP192
in microtubule dynamics, as CEP192 may
not only induce microtubule nucleation

by regulating NEDDI and AURKA,?
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but also control microtubule polymeriza-
tion/stability by antagonizing CYLD.
Noticeably, the arising possibility that
CEP192 controls spindle formation by
regulating CYLD DUB activity suggests
that novel CYLD substrates modified by
K63-ubiquitination could have a direct
role in bipolar spindle assembly. This
observation highlights the need to investi-
gate two complex and unexplored aspects
of mitotic regulation: how ubiquitination-
based signaling contributes to spindle
assembly and how centrosomes control
these posttranslational modifications.

Materials and Methods

cDNA clones and transfections. CEP192
cDNA (ENSP00000317156, 1941 a.a) was
cloned into pcDNA3 fused with FLAG.
CYLD cDNA (ENSP00000392025,
956 a.a.) was cloned into pcDNA3
fused to GFP. Plasmid transfections
were performed in HEK293 cells using
Lipofectamine 2000 (Invitrogen) for 36 h.

Affinity purification and mass spec-
trometric analysis. HEK293 cells growing
in p150 plates were transfected with 12 pg
of FLAG-CEP192. We used 6-8 pl50
plates per experiment and allowed protein
expression for 24 h. Lysis buffer contained
50 mM Hepes-KOH pH 8, 100 mM KClI,
2 mM EDTA, 0.5% NP40, 10% glycerol,
10 mM NaF, 50 mM B-glycerophosphate,
5 nM okadaic acid, 5 nM calyculinA,
I mM DTT and protease inhibitors
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Figure 2. CYLD co-depletion restores spindle assembly defects in CEP192-depleted cells. (A) Western blot showing depletion of CEP192 and CYLD

in HeLa cells transfected under the indicated RNAi conditions. For single depletion of CEP192 or CYLD we added non-targeting (control) RNAi to

make the total RNAi quantity equal to the condition used for double CYLD+CEP192 depletion. (B) Quantification of the spindle phenotypes in HelLa
cells transfected with the indicated esiRNA. Co-depletion of CEP85 with CEP192 was used as a negative control. We show the average and standard
deviation (s.d.) of at least three independent experiments. (C) HeLa cells transfected with the corresponding RNAi and stained with antibodies anti-
a-tubulin, CEP192 and NEDD!1. (D) Quantification of CEP192 centrosomal levels in cells treated as in (C). Each dot represents a cell where centrosomal
CEP192 intensity and spindle morphology were scored. Horizontal lines in the graph mark the range of CEP192-depleted levels that we consider for the
quantifications in Figure S2C. We show one representative experiment out of five.

(Roche; 04693132001). FLAG-CEP192
was immunoprecipitated using anti-FLAG
M2 agarose beads (Sigma; A2220) for 4 h
at 4°C. Immunoprecipitated complexes
were eluted in NH,OH and digested
with 1 pg of trypsin (Sigma; T7575) at
37°C overnight.> Samples were loaded
onto capillary columns packed with
Magic C18AQ 100 A 5 pm (Michrom
Bioresource; 00015922). MS/MS data
were acquired in data-dependent mode
(over a 2 h acetonitrile 2-40% gradient)
on a ThermoFinnigan LTQ, equipped
with a Proxeon Nano Source and an

Agilent 1100 capillary pump. Spectra

www.landesbioscience.com

were matched against the human and
adenovirus complement of the RefSeqV53
database using the Mascot search engine
(Matrix Science). Search parameters
allowed for two missed tryptic cleavages
as well as for asparagine deamidation
and methionine oxidation. The fragment
mass tolerance was 0.6 Da (monoisotopic
mass), and the mass window for the pre-
cursor was set to 3 Da. All results were
transferred into the Samuel Lunenfeld
Research Institute relational database for
interaction proteomics ProHits* for addi-
tional filtering as defined in Supplemental
Materials.
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Immunoprecipitation and western
blot. For immunoprecipitation, we used
FLAG-M2 agarose beads and goat anti-
GFP antibody (kindly provided by D.
Drechsel). For blotting we used the fol-
lowing antibodies: rabbit anti-FLAG
(Sigma, F7425), mouse anti-GFP (Roche,
11814460001), rabbit anti-CEP192,° rab-
bit anti-CYLD (Cell Signal, 4495) and
mouse anti-o-tubulin (Sigma, T9026).

RNA silencing. EsiRNA (endoribo-
nuclease-prepared siRNA) was gener-
ated as described.” Targeted regions are
encompassed by the primers: CEP192
(NM_032142): TTT TCA AGG GCT
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AGT ATG TCT GA/GG ATG TTA
TTC TGG GGT TCC T; CYLD
(NM_015247.1): TGA TGA AGA TTG
TGG CGT GT/AT GAA CCT TTG
TCC CCA ACA; CEP85 (NM_022778):
GGA GCT TTC AGT GCA AAA CC/
AA TCC CCC AGA ATT CCT CAC.
Non-targeting  esiRNA  (AY_015988,
luciferase): TGG TTT GGT TGT TGA
TGG AA/GT GCC TGG TGA AAC
TTG GTT. To confirm the specificity of
the phenotype, siRNA SMARTpool tar-
geting CYLD (LQ-004609, GAA GGT
TGG AGA AAC AAT A, GGA CAT
GGA TAA CCCTAT T, AGA GAT ATC
TACAGACTTT,GGAGAGTACTTG
AAG ATG T) and CEP85 (LQ-014214,
GGG AGA AGC AGC AGC GUA U,
CAG GAA UUG CAG CGA GAA A,
GAG CAG AAA GUG CGA GAG A,
UGG CAG AAG CGA UAC GAU U)
were purchased from Dharmacon. Hela
cells were transfected in 6-well plates with
0.4 pg of esiRNA, 80 pmol of siRNA
and 4 pL of Lipofectamine RNAiMax
(Invitrogen) for 72 h. In all experiments
(Fig. 2; Fig. S2A-C), for single depletion
of CEP192 or CYLD, we added non-tar-
geting RNAI to make the total quantity
equal to the conditions used for double
CYLD+CEP192 depletion.

Microscopy and automatic quan-
tification of signal intensities. Cells
were fixed in cold methanol and stained

using antibodies against a-tubulin
(Serotec MCA77G), CEP192° and
NEDD1 (Abcam, ab57336). Three-

dimensional images were acquired on
a DeltaVision Core System (Applied
Precision) equipped with an IX71 micro-
scope (Olympus), a CCD camera (Roper
Scientific; CoolSNAP HQ? 1024x1024)
and 60x/1.42 NA objective (Olympus).
Z stacks (0.4 pm apart) were col-
lected, deconvolved using SoftWorx v4.0
(Applied Precision) and shown as maxi-
mum intensity projections. Automated
analysis of fluorescence intensities was
performed on 12-bit TIFF images using
Acapella v2.18 (Perkin Elmer). Cellular
and centrosomal masks were detected in
the CEP192 channel using an adaptive
threshold to outline cytosolic and centro-
somal regions. Fluorescence intensity of
CEP192 was analyzed using the detected
masks.
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