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The role of Cep295 in centrosome biogenesis of human cells
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Summary (Abstract) of doctoral thesis contents

The purpose of my study is to understand some of the principal mechanisms of cell
division, especially focusing on centrosome biology in human cells. In order to
produce two identical daughter cells, a mother cell divides during mitosis inside our
body, which is essential for cell growth, repair and reproduction. Therefore, cell
division is widely known as a crucial process in living cells, which is vital for life,

To control and regulate proper cell division, the centrosome duplicates once per
cell cycle and functions as main microtubule organizing center (MTOC) in most
animal cells. Centrioles covered with pericentriolar material (PCM) serve as the core
structure of the centrosome. Like humans and other animals, only a mature mother
centriole can generate a new daughter centriole, which is crucial for centrosome
duplication and strict control of centrosome number in a cell. However, the
mechanisms underlying the daughter-to-mother centriole conversion and how a
daughter centriole acquires the ability to duplicate in the next cell cycle are
incompletely understood. Indeed, disorder of centrosome biogenesis and mitotic
process are involved in human diseases such as cancer, genetic disease and
ciliopathies.

Therefore, principle of centriole biogenesis not only represents an important open
question in biology, but also offers important therapeutic and diagnostic opportunities
in medical science.

In this thesis, I mainly focused on the role of centrosomal protein 295kDa
(Cep295) in centrosome biogenesis of human cells. By using an iterative BLAST
search for the short stretch and the RNAI based depletion, |1 showed that Cep295, an
evolutionarily conserved protein, is required for generation of a mature mother
centriole that organizes a functional centrosome. Using the latest
super-resolution-microscopy technique such as three-dimensional structured
illumination microscopy (3D-SIM) or stimulated emission depletion (STED), | also
found that Cep295 is initially recruited to the proximal centriole wall in the early
stages of centriole assembly. Cep295 then acts as a scaffold for proper assembly of a
daughter centriole.

It is well known that centrosomal protein 192kDa (Cep192) assembles the PCM
components, which is essential for the organization of a functional centrosome with
MTOC activity during mitosis. Therefore, the initial recruitment of Cep192 is
considered to be a “seed” for PCM assembly at the centriole. Moreover, Cep192 is
also believed to be the most upstream factor of the evolutionarily conserved pathway
for centriole formation. Importantly, using combination of biochemical and
cytological analyses, | found that Cep295 binds physically to and recruits Cep192
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onto the daughter centriole wall, which presumably provides the function of the new
mother centriole for PCM assembly, MTOC activity and the ability for centriole
formation. In addition, | also showed that Cep295 promotes Cepl92 stabilization in a
concentration-dependent manner in human cells. These findings lead me to propose
that Cep295 acts upstream of the conserved centriole pathway and facilitates the
daughter-to-mother centriole conversion.

Additionally, | provided the cytological evidence for a link between the patient
with intellectual disability (ID) and mitotic defects. ID patients normally show
significant defects in both intelligence and adaptive behavior. Although mutations of
several genes associated with proper progression of mitosis have been reported to
underlie ID, the cytological evidence for actual patients with ID is rarely reported.
Here, I discuss a new patient with a novel mutation of chromosome alignment
maintaining phosphoprotein 1 (CHAMP1), encoding a protein regulating
kinetochore-microtubule attachment and chromosome segregation. Using whole exome
sequencing (WES) analysis, my collaborators identified a de novo frameshift mutation
in CHAMP1. We isolate lymphoblast cells from the CHAMP1 patient and detect errors
in chromosome segregation. Furthermore, | found that these cells exhibit an increase
in centrosome number and resulting multipolar spindle formation. The phenotypes
observed in the patient’s lymphoblastoid cells presumably stemmed from cytokinesis
failure. I also confirmed the identical phenotypes in human culture cells depleted of
CHAMP1. Overall, these data strongly support that CHAMP1 mutations cause ID, and
suggest that CHAMP1 is critical for progression of cytokinesis and maintenance of
centrosome number.
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Summary of the results of the doctoral thesis screening

B o R R, —Rto o ME (BEEIR) & Z & PATe Pericentriolar material
(PCM)» 5% V. Microtubule-organizing center (MTOC) & L COMEEREZH 5, FL A1
HE R JE ) O HEAT IS S50 LR IZ 2 Bl S 4L D 28 L & OBERE D FEMIZ 53 x> TV R0,
TREAE, PONMEOERICE ST 2t b Cep295 & v N7 B DM 24T - 72,

Cep295 # > NI EDOT I JBEIIL, YavYa v "Rz THLEERKICEEGS T 5H
T Tod D Anal EEHICEUMELZFESL, BIWMREKICEISKEINRLTWD Z 20800
o7z, £ LT, Cep295 OMIANTORIMEZM T Z A, FLEOEEIZ LS T, KA
FEREH ORI, ZEO®% IBPONMREICHFEET 22 ERH LN 72, KIZ, siRNA
IZ XY Cep295 OFBLZ AT 5 &, ERALBHLENMEOK K, PCM OFEH, MTOC
DOREICKEEELDZEE2TRL, Cep205 NN O O@AE CTEERKLEZ L TWVD L
L TWa, FIZ, Cep295 I3H 7= e L/ METE L D 3k & 72 5 PLK4, HsSAS-6, STIL,
Centrosomal P4.1-associated protein (CPAP)D F1.LME~DFEAICHLETH DN, Wi
Cep295 D LME~DFEEIZIZINDIIHEBER N ERWALNIR -7, ZTHVET,
PLK4/HsSAS-6/STIL— CPAP— H L /METERL & W 5 R EE N E 2 H AL TV 723 | ATk o #% R
1% Cep295 BN Z DR DO LIRICME T HZ A2 REBLTWVD,

Fil o R ARTE R O R O B EIRICIIALE T DR OR S & LT, < BRI MRS R
fE3 % Cepl92 HILN TS, LEE A, Cep295 & Cepl92 H ARG EEBEMEEHIEE T
LREL EFLERERREINDI ZENOMENEGREZFE--TVWDL L ER LI £,
Cep295 @ siRNA ([C X 2B B M LV, BN E D Cepl92 DT L/NME~ DR E
W Z 53, Cep295 T LEBEHOPM N LEEL TS Z ENRRBINTZ, I HIT,
Cep295 & Cepl92 BAEG T A A TN TN DX X7 ETREL, T OHERICERE
AT 5 L Cep295 (X L/NMEIZRIET 228 Cepl92 1T L/IMRIZRIEL R W & &R
L7z, ZOZENDB, Cep295 & Cepl92 OFEA M Cepl92 O HLy/IME~D RTEIZHLE T
b o Etam L TWD,

TERIALE., AINEEEREEICA S0 -7~ Chromosome alignment maintaining
phosphoprotein 1 (CHAMP1)i& /5 D& RIZHSW T b iENT 217> 72, CHAMP1 (387K
EHEEEDOREEICHEAET 2L EINTWDLIN, ROoholtBERIZENT, MRESHD R
WCE o THLEEPRERF IR 2L TS,

TR S A DR EIL T RO A L N ORI e mAE Nz 55D Th
Do FFIZ, Cep295 LA OB CEEREHZ L TVWDL I LERL, 5%D
CORHOERIIRERTEEZTHEEALDND, ThbDZ b, KL Fhzb
DB Z LT b0 L EREE —FHEE L7,





