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What is a cell?

cell wall (protection)

cell membrane (import + export, signaling)

cytoplasm (energy production, growth)

nucleus (heredity)

material
and

energy

yeast cell



What can cells do?

MOVE

SHAPE CHANGE

A

B

C E

D
FEEDING + EXCRETING

SIGNALING

Y



The molecular basis of life

Cells are made of macromolecules

subunit

sugar

macromolecule

polysaccharide

nucleotide nucleic acid

K L M P Q
amino
acid

proteinN

A T G G C



The information flow in cells

DNA

DNA

DNA

DNADN
A

DNA replication
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DNA

DN
A

RNA

RNA

DNA

Transcription

genetic code
protein

Translation



The central dogma

DNA

RNA

polypeptide



DNA

mRNA

protein

cell physiology

protein network A B C D

Beyond the central dogma



‘Birth control’ for proteins

d [protein]
     dt

= synthesis - degradation

DNA

RNA

protein

transcription
factor transciption

translation
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Synthesis and degradation of a protein

k1 k2

S = mRNA
R = protein concentration
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Regulation of activity



The abundance of protein-kinases in eukaryotes



R

S

RP

ATP ADP

H2OPi

Protein phosphorylation-dephosporylation
dRPdt = k1 . S . (RT – RP)  – k2 . RP

phosphorylation dephosphorylation
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R

S

RP

ATP ADP

H2OPi

Sigmoid signal-response curve (zero order ultrasensitivity)
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Graded and reversible



R

S X

Perfect adaptation
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Bacterial chemotaxis

counterclockwise

clockwise

swimming

tumbling



cells stimulated with attractor ()
control cells ()





Feedback controls
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Positive feedback (mutual activation)
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The lac operon



Laurent & Kellershohn (1999): TiBS

ai – intracellular concentration of allolactose





Michaelis-Menten enzyme kinetics
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Phsophorylation /
dephosporylation

„sniffer”:
bacterial
chemotaxis

e.g. lac operon

S = mRNA
R = protein

Buzzer:
Reversible switch

Irreversible switch:
Toggle switch



Nature 427, 737 - 740 (19 February 2004)

Multistability in the lactose utilization network of Escherichia coli 
ERTUGRUL M. OZBUDAK1,*, MUKUND THATTAI1,*, HAN N. LIM1, BORIS I. SHRAIMAN2 & ALEXANDER VAN OUDENAARDEN1 

Initially uninduced cells grown 
for 20 hrs in 18 µM TMG 

Initially uninduced cells (lower panel) 
and induced cells (upper panel) grown 
in media containing different 
concentration of TMG

TMG = thio-methylgalactoside



‘Death control’ for proteins
d [protein]
     dt

= synthesis - degradation

  proteasome

degraded
protein

ubiquitilation
system
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Positive feedback (antagonism)
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Antagonism (positive feedback) between p53 and Mdm2
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The antagonism on the PhasePlane
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steady
states

Mdm2total

p5
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Another view of antagonism (bifurcation diagam)
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‘Artificial’ genetic networks

Another example for antagonism:



lacI & cI repressors
GFP behind the cI gene
(GFP is proportional to cI expression)

IPTG inactivates lacI 
and causes cI expression
42oC inactivates the cI repressor
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Temp

GF
P 

(c
I)

-IPTG
 32oC

+IPTG
 32oC
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 42oC
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Negative feedback and homeostasis
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Typical biosynthetic pathway

protein

demand

aminoacid
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Negative feedback and oscillation
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The repressilator
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p53

Mdm2p53-CFP and Mdm2-YFP
levels in the nucleus
after γ-irradiation

Period of oscillation: 440 ± 100 min



The fraction of cells with more pulses 
increased with irradiation dose

First pulse          Second pulse

the mean height and width 
of each pulse

did not depend on 
irradiation dose
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DNA damage makes p53 less accessible
for Mdm2 dependent degradation
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Limit cycle oscillation on the PhasePlane
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Beyond the central dogma
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polypeptide
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Control of gene expression

Filament
    Motor protein
                 Cargo
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Bifurcation diagram

One-way switch Toggle switch

Fejl_dési folyamatok: point-of-no-return
pl. béka petesejt érés

Apoptosis: programozott sejthalál

Lac operon: 
lactose ––| lacI ––| lac-permease → lactose

Sejtciklus:
MPF → Cdc25 → MPF  és
MPF ––|| Wee1 ––|| MPF


