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-Cells must replicate their DNA (& organelles)- S phase 
-Cells must segregate the DNA equally to the  progeny 
cells in mitosis (& organelles)- Mitosis 

Cell Cycle 

 from YouTube 

Arbacia punctulata 

Xenopus laevis Schizosaccharomyces pombe 

Saccharomyces cerevisiae 

Drosophila melanogaster 

Experimental Systems used in Cell Cycle Research 

Nurse´s lab in 70´s 

Wee mutants 

Hartwell´s lab in 70´s 

Genes necessary 
for G2/M 

Genes necessary 
for G1/S 

One common kinase 
Cdc28= cdc2 

Could be rescued by a human gene 
CDK1! Highly conserved in eukaryotes! 

Lee, M. G. and P. Nurse (1987). Nature 327: 31–35. 

Cdc mutants 
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mitosis mitosis mitosis 

Protein 
Level 

Time 

cyclin A cyclin B 

M M M 

Cyclin  
dependent 

Kinase Cdk: catalytic component 

Cyclin: regulatory component CyclinB 
cdc2 P 

Maller and Lohka, 1988 

Cyclin + CDK (MPF) - induce entry into meiosis in frog eggs 

“for their discovery of key regulators of the cell cycle” 

The Nobel Prize in Physiology or Medicine, 2001 

G1 S G2 M 

Stage specific control based on: 
- Multiple oscillatory cyclins  
- Cdk inhibitors 
- Additional regulation at the level of Cyclin/Cdk complexes 

CDC28/cdc2/Cdk1 

G1-cyclins S-phase 
cyclins 

Mitotic 
cyclins 

Cyclin/Cdk complexes drive the cell cycle: different cyclins 
specify kinase function & different times 
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G1 S G2 M 

Cyclin D 
Cdk4 

Cyclin D 
Cdk6 Cyclin E 

Cdk2 
Cyclin B 

Cdc2 
Cyclin A 

Cdk2 

Are they all needed? 
What gives direccionality to the cell 

cycle? 

Multiple Cdks contribute to cell cycle regulation in 
metazoans 

Protein  degradation provides directionality How do cyclins die? 
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• differential expression, 
degradation 
and subcellular localization of 
CDK subunits, attainment of 
specific 
ratios of cyclin to CDK, and 
cyclin-mediated changes in 
substrate 
specificity are not essential for 
cell cycle progression.  
 
• the CDK oscillator provides 
timing and directionality to a 
simple 
circuit of two activity 
thresholds that define 
independent cell cycle 
Phases 

-Exogenous promoter-  
not cell cycle regulated 

-Only one cyclin  
& not degraded &  
fused with kinase 

-activity regulated by  
kinase inhibitor 

 
The ancestral cell cycle? 

 

Is regulating the activity of one CDK enough? 

•  Perspectives on the Cell Cycle 

•  CDKs play an important role- a single one may rule the process, 
but tissue specificity is ensured by others 

 
•  Protein degradation is an important way of ensuring irreversibility 

•  Is there a minimal cell cycle? Manipulating the activity of a single 
CDK is able to drive it! Synthetic biology approaches may help us 
in these questions! Also comparative genomics. 

 

•  Perspectives on the Cell Cycle 

•  Importance of centrioles: 
their functions 

•  Centrioles & Cancer 

•  Centriole Biogenesis & Number 
Control 
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CELL SHAPE 

CELL DIVISION 

CELL MOTILITY 

Importance of the cytoskeleton 

CONTRACTILITY 

Diversity of cell shapes and functions 

Figure 1.1 - Eukaryotic cytoskeleton and Prokaryotic counterparts. A. The cytoskeleton of a Eukaryotic cell consists of three major 
cytoskeleton components including microtubules, intermediate filaments and actin filaments. Tubulins assemble into protofilaments that compose 
the MTs, forming 25 nm tubular structures. It is speculated that intermediate filaments polymerize by lateral association of tetramers that bind end-
to-end to generate 10 nm filaments. Actin monomers assemble into helical 7 nm microfilaments (EM micrographs adapted from (Metzler, 2001)). 
B. and C. Conserved longitudinal interaction of tubulin-like and actin-like filaments. B. MreB forms straight filaments, whereas F-actin is right-
handed and double-helical (PDB identifiers 1JCG and 1YAG). ParM forms a left-handed double helix (PDB identifier 1MWM) (adapted from 
(Lowe and Amos, 2009). C. αβ-tubulin is a tight heterodimer with GDP trapped in the middle (PDB identifier, 1JFF). FtsZ assembles from 
identical monomers (PDB identifier, 1W5A). BtubAB assembles from free A and B subunits, producing an alternating protofilament (PDB 
identifier, 1BTQ) (adapted from (Lowe and Amos, 2009)).  

The cytoskeleton 

The Tubulin cytoskeleton 
 

Interphase 
 

Interphase 

 
Mitosis 

 
(Morgan, 1997; Musacchio & Salmon, 2007) 

Proliferation 

Centrosome 

Centrosome 

 

 

Centrioles 

C. Rieder 

Centrioles and Cell Proliferation 
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The centriole has a variety of different functions 

Centrosome Cilia/Flagella 

The centriole is an ancient eukaryotic feature 

Carvalho(Santos-et-al,-JCS-2010-
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Centrosome & Centrioles 

1-Once per cell cycle 

2-One centriole per 
mother 

3-Different generations 
of centrioles 

 

Control of centriole fate and number 
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Centriole Number 
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Galeotti, 1893; Hansemann, 1890 

Aneuploidy induced by multipolar mitosis could have a  

causative role in tumorigenesis 

Theodor Boveri (1914) 

Concerning the origin of malignant tumors 

Centrosome Changes in Human Tumors 
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Multiple centrioles  
in cancer 

The centriole has a variety of different functions 

Centrosome Cilia/Flagella 
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Proliferation 

Motility 

CELL MOTILITY: 
PROPULSION 

Mouse Sperm- Marquez Trypanosome (Sleeping sickness) 

Centrioles and Cell Motility 

Proliferation 

Motility 

CELL MOTILITY: 
PROPULSION 

Mouse Sperm- Marquez Trypanosome (Sleeping sickness) 

Centrioles and Cell Motility 

FIXED CELL 
MOTILITY: 
MOVEMENT OF 
MUCUS 

Dr. Dennis Kunkel 

Centrioles & Cell Sensing 

Proliferation 

Motility 

Sensing 

Qin Liu & Eric A. Pierce 

Reiter 

Most of Our 
Cells 

-Sense Fluid Flow 
-Sense whether we have eaten 

enough 
-Determine what is Left/Right 

.......... 

Cilia/Flagella formation 

Zita Carvalho-Santos 



2/22/12 

10 

Motile Cilia/Flagella formation 

 
15 

 

 
Figure 1 – Structure and Biogenesis of Centrosomes and Cilia. A. On the left, a schematic and EM 

micrograph of an animal prometaphase centrosome composed of a mother and daughter centrioles 

arranged in an orthogonal fashion. The mother centriole harbors sub-distal and distal appendages. On 

the right, a schematic and EM longitudinal section of a basal body from rat lung multiciliated cells 

bearing rootlets and lateral/distal appendages. EM images adapted from (Sorokin, 1968; Vorobjev and 

Chentsov, 1982). B. Key regulatory and structural components in CBB biogenesis (canonical (top) and de 
novo (bottom) reviewed in (Azimzadeh and Marshall, 2010; Cunha-Ferreira et al., 2009)). C. Schematic of 

the basal body, when docked at the cell membrane and growing the axoneme of cilia/flagella. EM cross 

section of tracheal motile cilia (top) and renal non-motile primary cilia (bottom) from (Satir and 

Christensen, 2007) and http://www.kidneyresearchcenter.org/. Cilia/Flagella are assembled via the Intra 

Flagellar Transport (IFT) system. EM longitudinal section of the Chlamydomonas flagellum adapted from 

(Pedersen et al., 2006).  
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Cilia/Flagella formation: many links with other cellular processes 

Zita Carvalho-Santos 
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Zita Carvalho-Santos 

-Diffusion Barriers? 
-Pores at tranzition area? 
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Cilia Number & Structure & Human Disease 

Max Nachury 
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Polycystic Kidney disease and cilia 
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Abstract. 

 

Intraflagellar transport (IFT) is a rapid
movement of multi-subunit protein particles along
flagellar microtubules and is required for assembly and
maintenance of eukaryotic flagella. We cloned and se-
quenced a 

 

Chlamydomonas

 

 cDNA encoding the IFT88
subunit of the IFT particle and identified a 

 

Chlamy-
domonas

 

 insertional mutant that is missing this gene.
The phenotype of this mutant is normal except for the
complete absence of flagella. IFT88 is homologous to
mouse and human genes called Tg737. Mice with de-

fects in Tg737 die shortly after birth from polycystic
kidney disease. We show that the primary cilia in the
kidney of Tg737 mutant mice are shorter than normal.
This indicates that IFT is important for primary cilia as-
sembly in mammals. It is likely that primary cilia have
an important function in the kidney and that defects in
their assembly can lead to polycystic kidney disease.

Key words: orpk • intraflagellar transport • primary
cilia • kinesin-II • cytoplasmic dynein 

 

Introduction

 

Defects in the Tg737 gene cause kidney and liver defects
in mice that are very similar to those seen in humans with
autosomal recessive polycystic kidney disease (Moyer et
al., 1994). This disease affects 

 

z

 

1 in 10,000 children born
each year and may be responsible for a much higher pro-
portion of stillbirths and prenatal deaths (Blyth and Ock-
enden, 1971; Cole et al., 1987). The function of the Tg737
protein is unknown. Here we identify a protein in

 

 Chla-
mydomonas

 

 that is homologous to Tg737 and show that it
is required for assembly of flagella.

The epithelial cells lining the collecting tubules of the
kidney have very well developed primary cilia (Andrews
and Porter, 1974). The role of these cilia is unknown; how-
ever, they extend into the lumen of the tubule and may
serve as sensory appendages. Precedence for primary cilia
serving a sensory role is well established in vision and ol-
faction, as the outer segments of the rod and cone cells of
the eye and the olfactory cilia of the nose have evolved
from cilia and have retained primary cilia characteristics;
e.g., the 9

 

1

 

0 microtubule arrangement. Primary cilia in

other organisms such as 

 

Caenorhabditis elegans

 

 also serve
a sensory role (White et al., 1976; Perkins et al., 1986).

Eukaryotic cilia and flagella are built and maintained by
a process called intraflagellar transport (IFT)

 

1

 

 (Rosen-
baum et al., 1999). Most well characterized in 

 

Chlamy-
domonas

 

, IFT is a rapid movement of particles along the
axonemal microtubules of cilia and flagella. The outward
movement of these particles from the cell body to the tip
of the flagellum is driven by FLA10 kinesin-II (Kozminski
et al., 1993, 1995), whereas the transport of the particles
from the tip back to the cell body is driven by DHC1b/
DHC2 cytoplasmic dynein (Pazour et al., 1998, 1999; Por-
ter et al., 1999). The particles that are transported by IFT
are composed of at least 17 protein subunits (Piperno and
Mead, 1997; Cole et al., 1998). The functions of the indi-
vidual subunits are not known, but the proteins are con-
served between green algae, nematodes, and vertebrates
(Cole et al., 1998; Rosenbaum et al., 1999). In this manu-
script, we describe the cloning of the IFT88 subunit of the

 

Chlamydomonas

 

 IFT particle and show that cells missing
this gene do not assemble flagella. We further show that
IFT88 is homologous to the polycystic kidney disease gene
Tg737 and that mice with mutations in this gene have
shorter than normal primary cilia in their kidney.

 

Address correspondence to Douglas G. Cole, Department of Microbiol-
ogy, Molecular Biology, and Biochemistry, Life Science South 142, Uni-
versity of Idaho, Moscow, ID 83844-3052. Tel.: 208-885-4071. Fax: 208-
885-6518. E-mail: dcole@uidaho.edu

Mr. Seeley’s current address is Dartmouth Medical School, Depart-
ment of Biochemistry, Hanover, NH 03755.

Ms. Vucica’s current address is Cell Biology Group, School of Plant
Science, The University of Tasmania, Hobart, Tasmania 7001, Australia.
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Abbreviations used in this paper:

 

 IFT, intraflagellar transport; TPR, tet-
ratricopeptide repeats.
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(Pazour et al., 1999), no accumulation of IFT particles was
observed in any of the flagellar stubs.

To determine the effect of the lack of IFT88 on the IFT
particle and the IFT motors, we examined whole-cell ex-
tracts by Western blotting (Fig. 4). The IFT particle is
made up of two large complexes. Complex A is composed
of four to five proteins and includes IFT139, shown in Fig.
4. Complex B is composed of IFT88 and 10 other proteins
including IFT172, IFT81, and IFT57, shown in Fig. 4. The
complex A protein IFT139 is enriched in the mutant, sug-
gesting that the gene may be upregulated in the mutant
cells. The mutation has little or no effect on the levels of
complex B proteins IFT172 and IFT81, but causes a signif-

icant decrease in IFT57, another complex B protein. The
cellular levels of the IFT motors FLA10 kinesin-II and
DHC1b are not affected by the 

 

ift

 

88 mutation.
To be certain that the flagellar assembly defect is caused

by the mutation in

 

 IFT

 

88 and is not the result of another
mutation elsewhere in the genome, we transformed the
mutant cells with BAC clones carrying the

 

 IFT

 

88 gene.
Three independent BAC clones (40-B3, 24-F2, and 27-M3)
complemented the flagellar defect. The complemented cell
lines swam like wild-type cells and had IFT. One of the res-
cued cell lines was crossed to a wild-type cell line and 26
tetrads were dissected. All four products of one tetrad and
a single product of the remaining 25 tetrads were analyzed
by Southern blotting. Because the transformed copy of the

 

IFT

 

88 gene inserted at a site unlinked to the original locus,
the inserted DNA segregated independently from the orig-
inal gene, allowing offspring to carry zero, one, or two cop-
ies of the wild-type gene. Cells that carry at least one copy
of wild-type

 

 IFT

 

88 have normal flagella and motility,
whereas those that carry no copies of wild-type 

 

IFT

 

88 lack
flagella and are nonmotile (Fig. 5). These data indicate
that the flagellar defect is tightly linked to the 

 

ift

 

88 muta-
tion and is almost certainly the result of it.

 

Primary Cilia in the Kidney of Tg737 Mice Are 
Shorter than Normal

 

Primary cilia are present on many cells in the mammalian
body (Wheatley, 1995; Wheatley et al., 1996), and are par-
ticularly well developed in the kidney (Andrews and Porter,
1974). Inasmuch as 

 

Chlamydomonas

 

 IFT88 is necessary for
assembly of flagella and is homologous to mammalian
Tg737, and because a defect in mouse Tg737 leads to kidney

Figure 3. Ultrastructure of the
ift88-1 flagella. The flagella on
ift88-1 mutant cells are very
short and the microtubules do
not extend beyond the transition
zone (arrows). The microtu-
bules in wild-type cells start at
the basal body, extend through
the transition zone, and con-
tinue on to the flagellar tip. The
wild-type flagellum shown here
leaves the plane of section
shortly after passing through the
cell wall.

Figure 4. Western blot showing
the effect of the ift88-1 mutation
on the levels of IFT motor
and particle proteins. Equal
amounts of whole-cell extracts
of ift88-1 (3276.2) and wild-type
cells (CC124) were separated
by SDS-PAGE, transferred to
membrane and probed with an-
tibodies to IFT particle proteins
(IFT172, IFT139, IFT81, IFT57)
and IFT motor proteins
(FLA10, DHC1b). An antibody
to a-tubulin (a-Tub) was used to
confirm that equivalent amounts
of wild-type and ift88-1 protein
extracts were loaded on the gel.
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identified at Oak Ridge National Laboratory by random
insertional mutagenesis of mice. Hypomorphic mutations
in Tg737 cause kidney disease and death within a few
weeks of birth. The phenotype of this mutation closely re-
sembles human autosomal recessive polycystic kidney dis-
ease (ARPKD) in that the mice develop cystic kidneys
and have hepatic biliary disease, which is also common in
human patients with ARPKD (Moyer et al., 1994). The
mice develop large cysts in their collecting ducts and are
unable to concentrate urine (Yoder et al., 1996, 1997).
Null alleles of Tg737 have a more severe phenotype and
cause the mice to die during midgestation (Murcia et al.,
2000). The phenotype caused by the null Tg737 mutation
closely resembles the phenotype of kinesin-II knockout
mice (Nonaka et al., 1998; Marszalek et al., 1999, Takeda
et al., 1999). Both the kinesin-II and Tg737 null mice have
left–right asymmetry defects, lack cilia on the embryonic

node, and die during midgestation. Our finding that IFT88
is required for ciliary assembly provides the first evidence
that the lack of nodal cilia on embryos of Tg737 null mu-
tant mice is a direct result of a defect in IFT.

Primary cilia are extremely widely dispersed throughout
the mammalian body. The only cells that are known not to
contain primary cilia are hepatocytes and differentiated
cells of myeloid or lymphoid origin (Wheatley, 1995;
Wheatley et al., 1996). The primary cilia in kidney tubules
and ducts (Andrews and Porter, 1974) and hepatic biliary
ducts (Motta and Fumagalli, 1974) are unusually long and
project into the lumens of these structures. The role of the
primary cilia in the kidney or hepatic ducts is not known,
but has been suggested to be sensory (Roth et al., 1988).
The most studied primary cilia are the outer segments of
rod and cone photoreceptor cells and the olfactory cilia in
the nasal cavity. In these examples, the role of the primary

Figure 6. Primary cilia in the
kidney of Tg737 mutant mice
are shorter than normal. (a)
Kidneys from 4-d-old pups were
fixed with glutaraldehyde,
freeze fractured, metal impreg-
nated, and examined by scan-
ning electron microscopy. Nu-
merous cilia were found on the
epithelial cells in the tubules and
collecting ducts of the wild-type
mice (1/1). Cilia were also
found in the homozygous mu-
tant (2/2) pups, but they were
usually ,2-mm long and most
were only short stubs. (b) Cilia
length in kidneys of 4-d-old
mice. Cilia were measured in
scanning electron micrographs
of tubules located distal to the
proximal tubule. Wild-type cilia
averaged 3.1 6 1.4 mm (n = 50),
whereas the mutant cilia aver-
aged 1.0 6 0.6 mm (n = 50). (c)
Cilia length in kidneys of 7-d-old
mice. The cilia lengths were
measured in scanning electron
micrographs of tubules located
distal to the proximal tubule.
Wild-type cilia averaged 3.5 6
1.7 mm (n = 50), whereas the
mutant cilia averaged 1.3 6 0.6
mm (n = 50).
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Figure 2. Centrosome and cilia biogenesis and human disease. (a) Centriole biogenesis. Polo-like kinase 4 (PLK4) triggers centriole biogenesis. It is recruited to the
centrosome by centrosomal protein 152kDa (CEP152), which also binds other molecules essential to this process, such as centrosomal P4.1-associated protein (CPAP; also
called SAS4 in Caenorhabditis elegans). Procentriole formation begins in S phase upon recruitment of Spindle assembly abnormal protein 6 (SAS6), CEP135 and SCL-
interrupting locus protein (STIL, also called SAS5), which are needed to form the cartwheel, a structure that helps in defining the centriole ninefold symmetry. CPAP also
plays a role in centriole elongation (reviewed in [1,96]). Cyclin-dependent kinase 2 (CDK2) activity might be necessary for speeding up procentriole formation and
elongation, hence coordinating this event with DNA replication. In G2, the daughter centriole reaches full elongation and maturation with the recruitment of several
molecules that are needed for microtubule (MT) nucleation, stability and focusing of the pericentriolar material (PCM), including pericentrin (PCTN), CEP192 (also called
SPD2 in C. elegans), CDK5 regulatory subunit associated protein 2 (CDK5RAP2; also called CNN in Drosophila) and abnormal spindle-like, microcephaly-associated protein
(ASPM). CDK1 activity increases in G2, regulating a variety of molecules and processes needed for entry into mitosis, such as changes in MT dynamics. Through the
concerted action of molecules such as the kinase Nek2, the two centrosomes separate. When a cell exits mitosis, the centrioles within the centrosome disengage through
the action of PLK1 and separase. This process might allow recruitment or activation of molecules necessary for duplication and ensures that daughter centrioles can only
form after this point, preventing reduplication. Molecules involved in preventing DNA re-replication, such as Origin recognition complex (ORC) 1, have a similar role in
preventing centriole reduplication (reviewed in [1,96]). (b) Cilia assembly and/or function and human disease. Mother centriole appendices dock to a vesicle, after which
axoneme growth starts, followed by fusion of the vesicle to the plasma membrane. Migration of the centriole is dependent on the actin cytoskeleton and molecules such as
Meckel syndrome, type 1 (MKS1), which is mutated in Meckel–Grueber syndrome. Several signalling pathways operate in ciliated cells, some of which are dependent on the
presence of the cilium. Calcium signalling operates through membrane receptors and calcium channels on the ciliary membrane, such as polycystin 1 and 2 (PC1 and PC2),
respectively. Hedgehog (Hh) signalling operates through the cilium in vertebrates: upon binding of Hh to its receptor Patched (Ptch1), a cascade of events starts within cilia
and the body of the cell, leading to the expression of target genes (see main text; reviewed in [10]). Wnt signalling is modulated through several components that localise at
the centrosome and cilia. Several players in human disease, such as inversin (also called NPHP2) and the Bardet–Biedl syndrome (BBS) proteins, which are part of the
BBsome and are involved in protein trafficking, have been shown to play an important role in the switch between canonical and non-canonical Wnt pathways, through the
regulation of b-catenin degradation, hence potentially regulating polarity, spindle positioning and proliferation (reviewed in [11,12]). The centriolar satellites might play an
important role in human disease as several ciliopathy proteins, such as BBS4, Centrosomal protein of 290 kDa (CEP290, also called NPHP6) and orofaciodigital syndrome
type 1 (OFD1) have been shown to localise both to centrioles and satellites. Several proteins mutated in human disease, such as NPHP1,3,4,5 and 10 localise to the transition
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Centrioles have a diversity of cellular functions 

Proliferation 

Motility 
Sensing 

Polarity 

Stem Cell 
Maintenance/ 
Regeneration; 

Fertility; 
General 

Homeostasis 

What is the role 
of centrosomes in 
cell division? 

Higher 
Plants 

Centrioles were lost 
in several branches 

of eukaryotes 

Are centrioles needed for cell division? 

Female meiosis 

A 
R
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Are centrioles needed for cell division? 

Rebollo et al, 2004 

Are centrioles needed for cell division? 
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Are centrioles needed for cell division? 
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Chromatin beads and xenopus extracts 

Other ways of nucleating microtubules 
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Golgi, etc 

Other ways of nucleating microtubules What are centrioles needed for? 
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•  Importance of centrioles: 

their functions- Perhaps most 
important function is to make 
flagella/cilia- more to discuss in 
conference talk 

 
 

•  Perspectives on the Cell Cycle 

•  Importance of centrioles: their 
functions 

•  Centrioles & Cancer 

•  Centriole Biogenesis & Number 
Control 

 

Leading to the big question….. 

Centrosomes 

DNA 

Centrosomes-are-dominant-when-present-
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Centrosomes 

DNA 
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Kwon, Godinho et al, 2008 
G

anem
, G

odinho et al, 2009 

Centrosomes-are-dominant-when-present-

Proliferation 

Ring et al., 1982; 
Lingle and Salisbury, 1999; 
Duensing, 2005; Brinkley, 2001;  
Nigg, 2002 
Quintyne et al., Science, 2005 

Molecular players ? 

Mitotic catastrophe 
Cell death 

Centrosome-Clustering-

2. Spindle pole 
clustering forces 

3. Actin/cell adhesion 

1. Spindle assembly 
checkpoint 

Kwon*,Godinho* et al., Gen & Dev, 2008 
Reviewed in Godinho et al., Cancer&Metastasis Rev., 2009 

Mechanisms-of-Centrosome-Clustering-

N1E-115 

- HSET is not essential in normal cells 
 
- Depletion of HSET leads to cell death proportionally to the percentage of  
  cells with extra centrosomes 
 
-And high levels of HSET associated with bad prognosis in breast cancer 
 (Jose Pereira-Leal´s group) 
 

Kwon*,Godinho* et al., Gen & Dev, 2008 

Control            -HSET 

Control   -HSET 

Centrosome-De(Clustering-can-target-cancer-cells-
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Colon cancer cell line 
Godinho et al, 2008 

Ganem, Godinho et al, 2009 

How-could-extra-centrosomes-lead-to-aneuploidy?-

(Bettencourt-Dias et al. 2011) 

How-could-extra-centrosomes-lead-to-cancer?-

(B
asto et al. 2008) 

Extra-Centrosomes-Can-Generate-Tumors-in-Flies-

(Bettencourt-Dias et al. 2011) 

How-could-extra-centrosomes-lead-to-cancer?-
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Centrioles & cancer hypotheses 

 
•  Centrioles & Cancer: Jury is 

still out there but various 
possibilities – as centrosome 
and cilia! 

 

•  Perspectives on the Cell Cycle and the ancestral 
machinery 

•  Importance of centrioles: their functions- ancestral 
function is likely to be flagella but more to discuss 
during conference 

•  Centrioles & Cancer: they may have several roles…
but we know little at this point 

•  Centriole Biogenesis & Number Control: how PLK4 
plays an important role in triggering and regulating 
centriole number 

 

Summary 

YIP & Installation Grant & Fellowships 

http://sites.igc.gulbenkian.pt/ccr/ 

IGC 
José Pereira-Leal (CGL), imaging & fly facilities 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
David Glover (Cambridge), 
Claude Antony (EMBL) 
G. Callaini, M. Riparbelli 
(U Siena) 
Tiago Bandeiras (ITQB) 
 
 
 
 
 
 
 

Zita Santos 

Thank you! 

Inês Ferreira Ana Martins 

Post-Doc Position in our 
group! 
 
PhD Program @ IGC 
www.igc.gulbenkian.pt 
 


