
CONTROL OF CELL GROWTH



Cell size regulate proliferation!

Growth
Amoeba experiment: repeated cytoplasmic amputation 

prevented cell division for 6 months , 

while control divided 65 times.

Cell cycle



What would happen if cell growth is not coordinated with cell division





Growth is above the cell cycle

Curr Opin Gen. Dev. 2001, 11:19-26



Cell division mutants (CDC)

Cell growth mutants (wee, WHI, LGE)



CLN3 mRNA level is constant during cell cycle



An uORF influences CLN3 translation efficiency



Growth and cell cycle are coordinated by CLN3 G1 cyclin translation

Polymenis and Schmidt: Genes and Dev. 11 pp 2522-31 (1997)



cAMP regulates Cln3 protein levels

Hall et al., EMBO J. 17. pp 4370-78 (1998)



Regulation of Cln3 protein level requires untranslated regions



Overexpression of Cln3 bypasses the requirement for cAMP



cAMP is a growth-regulating pathway in yeast

Glucose

cAMP

pKA

Translation rate/growth

CLN3 translation through uORF

Cell cycle



Growth is above the cell cycle

Glucose/ATP/GTP

pKA and TOR

Curr Opin Gen. Dev. 2001, 11:19-26



Systematic identification of pathways that couple

cell growth and cell division

5958 single gene deletion strains 

(diploid)49 mutants (29 lge, 20 whi)

Gene dosage dependent (30%)

Unknown function (9)

Transcriptional regulation

Signal transduction

Cell cycle regulation

Protein translation

Curr. Biol. 12, 1992-2001 (2002)



Systematic identification of pathways that couple

cell growth and cell division

As the rate of ribosome biogenesis is proportional

to the cell size, it could be the measure that cells 

Use to assess how big they are Science 297. pp 351-352 (2002)



Cln3 activates the transcription of other cyclins



Microarray around the cell cycle in yeast

800 genes cell cycle regulated

(out of around 6200)

G1: 300

S: 72

G2: 121

M : 195

M/G1: 113

3 synchronisation methods:

!-factor arrest

Elutriation

Arrest of Cdc15 ts mutant

Around half of these (400) responded to Cln3 (G1 cyclin or

Clb2 (G2/M cyclin) overexpression.

400 000 individual measurements

Mol. Biol Cell 9, 3273-97 (1998)



Transcriptional regulatory networks in yeast

Chromatin immunoprecipitation experiment (ChIP)

to identify promoters for transcription factors (106 out of 141)

•The promoter of 2343 of 6270 yeast genes were bound by at least 1 TF (on rich medium)

•0-181 promoter/regulator (average 38)

Science 298.  pp799- 804, 2002



Network motifs



Network structure

Look for genes that are co-ordinately bound and expressed

(multi-input motives refined for common expression)

•Set of genes (G) bound by a set of regulators (S).

•Find a subset of genes in G which are similarly expressed over the entire set of expression data

(core profile)

•The remainder of the genome is scanned for genes with similar expression profile to core

•Establish, if the set of regulators (S) are bound with combined and lower probability

Cell Cycle Network Structure

11 regulators were found

1. Correctly assigned all regulators to cell cycle phase

2. Found two new regulators and defined the function

3. Computational reconstruction of the regulatory architecture was 

automatic and required NO prior knowledge.



Network structure for the yeast cell cycle 





Preparation for the exam:

Lecture 1-3 (basic cell cycle, S-phase, M-phase)

Common regulatory principles for cell cycle processes

(phosphorylation, localisation, protein degradation).

Textbook (Lodish or Alberts).

Lecture 4 (Meiosis) How meiosis is different from mitosis,

and how it is initiated.

Lee and Amon (2001) Meiosis: how to create a specialised cell cycle.

Curr. Opin. Cell Biol. 13: 770-777

Lecture 5 (Pheromone signalling). Anatomy of a signalling pathway
Herskowitz. (1995) MAP Kinase pathways in Yeast:

For Mating and More. Cell 80. 187-197.

Lecture 6. (Growth). How growth is coupled to cell cycle

Polymenis and Schmidt (1999). Curr Opin. Gen. Dev. 9. 76-80.

Lecture 4-6. Transcriptional control, novel methods

Futcher (2002). Curr. Opin. Cell Biol. 14 676-683, and other references 

during the lectures.


