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Lambda Phage
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Lambda phage is a virus that infects E. coli. 
It consists of a head, containing 
double-stranded DNA and a tail that allows 
it to attach to the surface of E. coli.
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Lambda Phage
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The DNA is injected into E. coli via 
the tail. Once inside E. coli it usually 
takes over the E. coli and uses the 
E. coli machinery to replicate itself. 
This is called the lytic stage. However, 
a proportion of the infected cells go 
into a lysogenicstage. In this stage
the phage DNA integrates into the 
E. coli genome and remains there 
until stress conditions make it switch 
to the lytic stage.

The initial decision on whether to go 
lytic or lysogenicis dependent on 
The health of the E. coli cell.
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Lambda Phage
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Lambda Phage ςStochastic Model

What has phage lambda ever done for us? 

Noreen E. Murray and Alexander Gann
Volume 17, Issue 9, 1 May 2007, Pages R305-R312
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IPTG IPTG

Two identical genes expressing Yellow and Cyan fluorescent proteins. 
Both are turned on by the same signal. 

Two sources of potential noise in the system:

1. Extrinsic  - External noise from the input
2. Intrinsic - Internal noise generated by the circuit
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Only Extrinsic Noise 
External

IPTG IPTG

Perfectly correlated. Both circuits receive the same
amount of noise, therefore they stay in phase.
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Only Intrinsic and Extrinsic Noise 

IPTG IPTG

With internal noise as well, the circuits will move
out of phase as each experiences difference noise.
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Experimental Results
IPTG IPTG
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Gillespie Algorithm

1. Determine when the next reaction will occur.

2. Determine which reaction will occur.

Simulating a stochastic model is quite different from an
ODE model. In a stochastic model we take account of individual 
reactions as they convert onemolecule into another. Solving a 
stochastic model is a two stage process. 

At each time point we must answer the following two questions:

The most well known implementation of this approach is
the Gillespie method (Gillespie, 1977).



Simulating a Simple System

Consider the following simple system:



Simulating a Simple System

1. Set t = 0, initialize concentrations (molecule numbers)

A = 50 molecules; B = 0; k1 = 0.1; k2 = 0.2;

2. Compute reaction probabilities for all reactions 
and compute the total reaction probability, rtot



Simulating a Simple System

3. Generate two random numbers, p1 and p2  - urnd()

4. Compute the time of next reaction:

Tau is a delta time, so that



Simulating a Simple System

5. Determine when the next reaction will occur.

6. Compute the relative probability rates:



Simulating a Simple System
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7. Update the current time:

8. Go back to step 2
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Determine which reaction will occur.


