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 Intra-cellular biochemical networks 

 Metabolic networks 
Nodes: metabolites (substrates & products of metabolism) 

Links: chemical reactions (directed) 

 Genetic regulatory networks 
Nodes: Genes & Proteins 

Links: regulatory interactions (directed) 

 Protein-Protein interaction network 
Nodes: Proteins 

Links:  physical binding and formation of protein complex 

(undirected) 

 Signaling network 
Nodes: Signaling molecules e.g., kinase, cyclicAMP, Ca 

Links: chemical reactions (directed) 
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 Microscopic properties of networks 

Macroscopic properties such as avg path length and avg clustering tell us only 

about coarse-grained features of the network… to know how one part of the 

network behaves in relation to the others we need a more detailed view… 

We can focus on the properties of interactions between a few nodes of the 

network at a time 

Example:  Motifs 

The network may be built out of putting together commonly  

occurring circuits 

What are motifs ? 

Subnetwork connection patterns that occur more frequently than 

expected in an equivalent random network 



Motifs: recurring subnetworks of interactions 

Each network motif may carry out 

specific functions 

• Feed-forward loops 

• Single-input modules 

• Multi-input motifs 

All connected three-node subgraphs 

R Milo et al, Science 298 (2002) 824 

R Milo et al, Science 298 (2002) 824 



Network motifs found in Biological Networks 

R Milo et al, Science 298 (2002) 824 



Network motifs found in Technological Networks 

R Milo et al, Science 298 (2002) 824 

For comparison, let us look at 



Example: Transcription Regulation Networks 

• Controls expression of genes  

• Interaction between transcription factor proteins and the genes they regulate  

• In response to signals, transcription rate of genes varied  allow cells to make 

proteins at appropriate times and amounts 

The network is built out of commonly occurring regulation circuits 

(motifs) 

Gene or Transcription Regulation Network: A pair of genes are connected if the expression of 

one gene modulates expression of another one by either activation or inhibition 

 Each gene expresses a protein 

 Some genes express proteins which control (promoting or suppressing) the rate at 

which other genes express proteins 

 Thus genes can regulate each other (via the proteins they express) 



Simple regulation and Positive & Negative Autoregulation 

Cell-cell distribution of protein levels: 

Negative autoregulation  sharply peaked 

distribution 

Positive autoregulation  broadly peaked 

or bimodal distributions 

Negative autoregulation: 

Transcription factor (TF) represses 

its own promoter 

Faster response time relative to 

simple regulation 

Positive autoregulation:  

TF activates its own promoter 

Slower response time 

characteristic sigmoid activity profile 

Repression 

threshold 

Alon, Nature Rev Genetics 8 (2007) 450  
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Feedforward loop 
Alon, Nature Rev Genetics 8 (2007) 450  



Coherent Feedforward loop: persistence detector 

The CFFL shows 

a delay after 

stimulation starts 

but no delay after 

stimulation stops: 

 

A ‘sign-sensitive’ 

delay element for 

filtering out brief 

spurious signal 

pulses 

CFFL 
Simple regulation 

Alon, Nature Rev Genetics 8 (2007) 450  
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Incoherent Feedforward loop: pulse generator  

The two branches of IFFL act 

in opposition 

 

X activates Z, but indirectly 

represses Z by activating its 

repressor Y 

Initially, signal activating X 

causes rapid production of Z 

Later Y levels accumulate to 

repression threshold for Z, 

decreasing its production 

 

Pulse-like dynamics and 

response acceleration 

relative to simple regulation   

Alon, Nature Rev Genetics 8 (2007) 450  



Single-input module A single regulator X controls a group of 

target genes Z1, Z2, … Zn Allows coordinated expression of a 

group of genes with shared function  

 

Can generate a temporal expression 

program with a defined sequence of 

activation of each target by using 

different thresholds 

Alon, Nature Rev Genetics 8 (2007) 450  



Multi-input motifs 

Many inputs regulate many outputs 

Similar to multi-layer perceptron model of neural 

networks – but only one layer ! 

A set of regulators 

combinatorially control a set of 

output genes  

 

Can be responsible for a broad 

function, e.g., carbon utilization, 

stress response, anaerobic growth 

(E Coli), etc. 

Alon, Nature Rev Genetics 8 (2007) 450  


