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The Mathematical Modelling Process

Identify the problem.

Detail the attributes of the system (variables and parameters).
Consider available data (if any).

Decide on modelling approach 
(discrete vs. continuous, 
temporal and/or spatial) 

Write down a model.

Solve it (computationally or analytically).

Test model outcomes with data or known practice.

Revise and improve the model.
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•Consider the uptake of LDL and VLDL particles by a single hepatocyte cell.

Jackson, K., Maitin, V., Leake, D., Yaqoob, P. and Williams, C. (2006). Saturated fat induced changes
In Sf 60-400 particle composition reduces uptake of LDL by HepG2. J. Lipid Res., 47:393-403.

Lipoprotein Metabolism 



Hypothesis Testing

•Two hypothesis regarding LDL uptake

Hypothesis 1 –VLDL particles reduce LDL uptake by blocking access to 
hepatocyte surface receptors. Particles either bind to the surface and are not 
internalised or are simply present in the pit.

Hypothesis 2 –VLDL particles enter the pit, bind to receptors via apoE and 
are internalised by the cell.

Which of these is correct?



The Model

- LDL (extracellular, bound and intracellular).
- VLDL-2 (extracellular, bound and intracellular).
-VLDL-3 (extracellular, bound and intracellular).

- Free, bound and internalised receptors.
- Cholesterol concentration.



The Model
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The Model
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Experimental Data



Model and Experimental Comparisons



New Insight



Rhodobactersphaeroides



Rhodobactersphaeroides–Phosphotransfer pathways

A2P + Y3 A2 + Y3P

A3 A3P

A2P + Y4 A2 + Y4P

A2P + Y6 A2 + Y6P

A2 A2P

A2P + B1 A2 + B1P

A2P + B2 A2 + B2P

A3P + Y6 A3 + Y6P

A2P + B2 A2 + B2P

Are the cytoplasmic and polar 
receptor clusters connected?



R. sphaeroidesïExperimental Data



R. sphaeroidesïModel parameterisation

Applying the law-of-mass action

with the initial conditions



R. sphaeroidesïModel parameterisation

Model Reduction I

and



Model Reduction II

R. sphaeroidesïModel parameterisation



Numerical optimisation (parameter fitting)

R. sphaeroidesïModel parameterisation

ÅApply and compare a range of numerical optimisation methods for obtaining 

model parameters from experimental data.

ÅAllows us to compare various fits to the data to obtain the most robust set of 

parameters (as well as the method fits).



Asymptotic approximations to Reduced Model II

R. sphaeroidesïModel parameterisation

ÅConsider various limits.

ÅRapid phosphotransfer (                ))/1(~2 eOk
-

ÅInner O(1) asymptotic expansion for CheAP



R. sphaeroidesïModel parameterisation

ÅRapid phosphotransfer and dephosphorylation (                     ))/1(~, 32 eOkk
--

ÅInner O(1) asymptotic expansion for CheAP and CheYP

with

X0(0)=XP0 and Y0(0)=YP0,

where Ŭ=k3/k2. 



R. sphaeroides - The importance of the cytoplasmic cluster



R. sphaeroides- Phosphorelay pathway

Gives back A2P!

A2 A2P

Y3

Y3P

X

Y4

Y4P

X

Y6

Y6P

X

Receptor cluster Cytoplasmic cluster

A3 A3P

Y6

Y6P

X
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R. sphaeroides- Experimental Results

Time (s) A3-P B2-P A2-P

0 21.21 0 0

15 20.58 0.97 0.03

30 21.55 0.92 0.03

60 20.55 0.92 0.05

120 19.70 0.94 0.07

240 19.29 1.00 0.11
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