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Previous Lecture
Ty's rule-based modelling of Bio-bricks:

e encapsulates mechanisms of transcription/translation clearly and concisely;
e represents mechanisms at the level of Bio-bricks;

e includes good examples that show how the models works,
i.e Elowitz repressilator, Toggle switch.
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Disadvantages of Modelling Approach

e Readability -
The initial conditions and the rules are quite difficult to read. It is not obvious
what the rules are doing unless you are very familiar with the rule set.

R ]
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e Modularity -
Any rule that mentions a specific type of DNA is specific only for that piece.

— Out of 17 basic rules in the rule set, 14 of them are type specific.
— This means that each of these 14 rules have to be duplicated for each new
piece of DNA being entered into a model.
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Aim of Using Extensions to model Bio-bricks

e To address these issues of readability and modularity using recent extensions
to Kappa.

e To keep the representation similar to Bio-brick representation to make
modelling easier.

e To keep the concise and detailed representation of Ty's work.
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Bio-Bricks Parts and Information

There are 4 main types of parts in the Bio-brick registry.
Promoters, RBS, PCS, Terminators.
They (should) have the following information parameters.

e Promoter -
Binding affinities for repressors/activators,
Rate of recruitment of RNAP

e RBS -
Rate of transcription
Rate of recruitment of Ribosomes

o PCS -
Rate of transcription
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Rate of translation
Rate of degradation of Protein

e [erminator -
Percentage of successful termination
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Hierarchies in Kappa

In normal Kappa there is no sense of classes or types of agents. This extension
of Kappa addresses this by introducing agent hierarchies.

e Agents can be declared in the normal manner with a name and a set of sites,
eg A(z,y)

OR

e Agents can be declared as children of existing agents.

— Children agents inherit sites from their parents.
— Children can also have additional or replicated sites.
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Example of Hierarchy

ﬁ% A(X,y)

B=A[...] C=A[.x={x1,x2}]
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Rules with Hierarchies

e Rules can be written using parent agents or child agents or a mixture of both
types of agents.

e Rules containing parents agents are called generic rules.
e Any rule that can be applied to a parent agent can be applied to its children.

e If a rule mentions a site that is duplicated in a child, the rule can be applied
using either of the duplicated sites.

e The initial conditions of a model can not contain parent agents.
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Rule: A(x),A(x) -> A(x!1),A(x!1)
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Hierarchies in Bio-brick Modelling

Agents:

DN A(up, down, rnap, name) Term = DNA|..]
mRN A(up, down, ribo,enc) PCS = DNA]|..., enc]

RN AP(dna,rna) RBS =DNA]...]
Ribosome(rna) Prom = DNA|...,r,b)
Protein(name)
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Coloured Kappa

Coloured Kappa is an extension of Kappa that allows variables in rules and allows
the rate of a rule to be a function of the variables.

o o | OGIB) s

S k_z._
e,

In Bio-brick modelling we are only going to use colouring of internal states.
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Modelling of Bio-brick Using Extensions

e The rule set will be an isomorphism of Ty's basic rule set, i.e each rule in Ty's
basic rule set will match to one rule in the new rule set.

e However for the model specific rule set it will be a many-to-one mapping.

e For example Ty's model of the Elowitz repressilator has 49 rules but to model
it in this manner just needs 17 rules.
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Repressor Binding to Promoter without RNAP
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Repressor Binding to Promoter with RNAP
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RNAP Binding to Promoter without Repressor
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RNAP Binding to Promoter with Repressor
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Transcription Initiation
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RBS Transcription
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PCS Transcription
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Readthrough 1
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Readthrough 2
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Ribosome Binding
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Promoter Design

e In the previous rule set, the hierarchy extension did not add much to the model
apart from readability of rules and initial conditions.

e In fact, if anything, they make the rules less generic as if we only had DNA
agents we could write one generic transcription rule instead of three.

e However the hierarchy extension is very useful when it comes to designing
promoters.

e The promoter in the example had only one binding site for repressors/activators.
however it is very common for promoters to have multiple binding sites.
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A Promoter with Multiple Binding Sites

Prom1l = Prom|...,r = r1,72,r3|

e |f we take the previous rule for binding a repressor
RepBind : Prom(r,b), Repressor(s)— > Prom(rt,b), Repressor(s!)

e The probability that a rule fires at a given time point depends on the activitiy
of the rule, where the activity is the rate of the rule * the number of way the

rule can be applied to the current state of the system.

e The rule RepBind will have an additive activity depending on how many of
its binding sites are free.

e Using hierarchies provides a simple way to design complex promoter behaviour.
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