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Cell size variation

Ostreococcus Acetabularia




Cell size control requires the balance of
growth and division

Cell size Esl\itle]s

What is the underlying genetic network of size
control mechanism?



Chlamydomonas reinhardtii
» Unicellular green alga, related to
land plant

» Sequenced haploid genome of ~125
MB

* Molecular and genetic tools

- Nuclear and Organellar Transformation
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The Chlamydomonas mitotic cell cycle

n rapid division

Commitment



Cell cycle synchronization by alternating
light:dark cycles

14 hours light 10 hours night
< Growth —_—




MAT3 encodes the Chlamydomonas
homolog of the retinoblastoma protein (RB)
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mat3-4 mutants are defective at both
cell-size checkpoints
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19 suppressors of mat3-4 (smt)

Class I. larger than wt
DP1 (12)

Class IlI: close to wt
E2F1 (3)

Class Ill: larger than mat3-4,
smaller than wt
SMT7, SMT14, SMT15, SMT16




RB pathway regulates transcription of
G1 and S phase genes
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Chlamydomoans E2F1 and DP1
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How does dpl-1 and e2fl-1 suppress mat3?

Two potential mechanisms:
Slow down the cell cycle

Alter the cell size checkpoint function



Cell number

Discriminating sizer mutants from
cell division cycle (cdc) mutants
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Cell size checkpoint functional assay
ark shift experiment

Continuous light:
Random distribution

Coulter Counter
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dp1l-1 suppresses mat3-4 by altering the
size checkpoint function
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e2f1-1 suppresses mat3-4 by altering the
size checkpoint function

wt mat3-4 e2fl-1mat3-4
300]
o . | *&\ e2f1-1 mat3-4
£
= 200] | \
C r
‘ .
1007
. |
O “:ﬁ-ﬂ?i'/ —— e |
1 10 100 1000

Cell size (pm?) Fang et al., 2006



Genomic DP1 complementation
(dpl-1 mat3-4 + DP1 = mat3-4)

dpl-Imat3-4 dpl-1mat3-4 (gDP1#1)
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e2f1-1 mutant iIs dominant
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Summary:

Mutations in E2F1 or DP1 suppress mat3-4 by
affecting size checkpoint function



Periodic transcription of the cell cycle genes
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Transcriptional Model for MAT3 and DP1
and in Cell Cycle Control
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Is periodic transcription of the cell cycle
genes important for size checkpoint
control?



Blocking cell cycle transcription does not
1 alter daughter cell size
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* Are there transcriptional targets?
 What are the downstream effectors?

mat3

dpl




19 suppressors of mat3-4

Class I: larger than wt

DP1 (12)
Class IlI: close to wt

E2F1 (3)

Class Ill: larger than mat3-4,
smaller than wt
SMT7, SMT14, SMT15, SMT16

smt/ mat3-4

Fang and Umen, 2008



Class Ill smt mutants suppress mat3-4 by
affecting both cell-size checkpoints

________ Gl . SIM
S phase/Mitosis
l< Delay l
mat3 8 8 3
smt mat3 : :

4 8 8@




Induction

Candidate gene model Mutation in mat3
(QRT-PCR)
SMT15 Putative sulfate transporter Insertion no
SMT16 Putative eukaryotic initiation factor 4B Insertion NT
SMT14 No known gene model Insertion no

Transcriptional Model

Em |

Cell Cycle Activation

Class lll SMTs are not transcriptional targets of

the RB pathway




Do smt mutants interact to each other?

- Do class Il smts interact with  dp1?
- Do class Ill smts interact with each other?



Possible relationships

1
- B8
|

Cell Division Cell Division

Additive Epistatic




Cell number

smt7-1 smtl5-1 makes cells bigger
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Fact sheet of smt7-1:

e smt7-1 single mutant does not have obvious size
phenotype

e smt7-1 single mutant has defective Commitment
size threshold and can not be synchronized by
alternating L/D cycle

e smt7-1 suppress mat3-4 by affecting both size
control checkpoints

 smt7-1 has ~ 19 kb deletion that encompasses three
gene models: a SUMO-specific peptidase, a conserved
plant protein with unknown function, and a thioredox IN-
related protein
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SMT7 is a small ubiquitin-like modifier
(SUMO)-specific peptidase

Three independent complemented

strains
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ClustalW alignment of SUM O peptidases from
various organisms

*kkkk *

*k% k% ** % * **v

Q
TIFF (Uncompressed) decompressor
are needed to see this picture.




The mechanism of reversible sumoylation

SUMOylation
X « Protein localization
AOsI * protein stability

ATP E1 activating enzyme * Protein activity

Hydrolase activity of
SUMO-peptidase

E2 conjugating enzyme

Isopeptidase activity of
SUMO-pepetidase

Geiss-Friedlander and Melchior, 2007



Molecular consequences of sumoylation

@ El, EZ, E3 enzymes, ATP

Isope ptkdase‘s/

* ZNF76/TATA binding protein « Thymine DNA glycosylase

« E2-25K/ubiquitin E1 enzyme * RanGAP1/RanBP2
* P300/HDAC6

« PCNA/DNA helicase Srs2

Geiss-Friedlander and Melchior, 2007



SUMO-specific peptidases and cell cycle:

» Yeast Ulpl is required for cell cycle progression

» HelLa cells depleted of SENP5 by RNAI failed to prolif  erate

» Orderly cycles of SUMOylation and deSUMOQylation regulate
progression through the cell cycle.
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SMT7 working model and
future directions swurz STM7
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» Determine the functional roles of SMT7 as a SUMO pepti  dase

* Isolate the targets of SMT7 and examine how sumoylati  on of these
targets affects cell cycle progression



Fact sheet of smt15-1;

e smtl5-1 is a small size mutant with reduced
Commitment size threshold

e smtl5-1 suppress mat3-4 by increasing the
Commitmetn size threshold and decrease the number
of cell division

e It Is paradoxical that SMT15 is both positive and
negative regulator

e smtl15-1 IS a recessive

« smt15-1 single mutant has growth defect and can
not be synchronized by alternating L/D cycle

e smt15-1 has a simple insertion in a locus that
encodes a potential sulfate transporter
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