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Your Thoughts

With the people around 
you discuss what you 

understand by the term 
model? 



In this Context

An abstract process where a 
process of interest is 

represented on a computer in a 
very precise manner using 

mathematics.



The Process 

Biology

Mathematics

Simulate 



Not a New Technique

• 1952- Hodgkin & Huxley developed a 
physiological model of nerve excitation.

• 1960 a cardiac cell model developed by 
Nobel (Noble 1960). 

• The field of mathematical/computational 
biology is vast.



Computational  

Systems Biology 

Bioscience

I. Nutrition 

II. Biology

III. Physiology  

IV. Biochemistry  

Modelling 

I. Engineering

II. Maths/Physics 

III. Computer Science  

IV. Statistics 

Overview



Learning Outcomes

1. To know what a computer model is.

2. To know the steps involved in building a 
computer model.

3. To begin to think about biological systems 
you could model.  



Activity 

Consider why 
Computational Models 

are used in Biology 
Research? 



The Reasons  

1. Analysing how biological components interact. 

2. Biological components  give rise to overlapping metabolic 
networks, comprising of many interactions. 

3. Interactions- non-linear & involve complex feedback & 
feed-forward loops.

4. Challenging to reason about biological systems by human 
intuition alone. 



Examine the Picture

Is it possible to fully analyse what is happening? 

Genome
Integrity

Epigenome 
state

Cellular 
senescence 

Telomere 
status

Mitochondrial
Function Gene 

Transcription 

NutritionEnvironmental stressors Physical Activity

Biological    
Aging

Methyl 
Donors Genetic 

mutations 

Metabolic Pathways 
e.g. mTOR, Sirtuins 
regulated pathways

Caloric 
restriction  

Methylation 
status 

IGF-1

Health span/Longevity

Maintenance and 
repair  e.g. PARP, 
telomerase

Endogenous 
antioxidant 
production

Antioxidant 
intake? 

Histones

ROS

Maintenance and 
repair systems e.g.  
P53

Endogenous 
oxidative stress

Mc Auley. In Conn's Handbook of Models for Human Aging   (2018)



Reasons continued

5. Model offers an alternative means of 
handling  complexity.

6. Beginning to facilitate the representation of 
biological  systems on a multi-scale manner. 

7. Contrasts with  reductionism. 



Systems Biology

•It has been recognized that to appreciate the 
interactions involved in  cells, tissues  & organ systems, 
integrative approaches  needed. 

•Integrative approaches  build on  data  from diverse 
sources: 

Metabolomics  
 Proteomics 
Genomics



Systems Biology 

https://www.cell.com/cancer-cell/pdf/S1535-6108(02)00133-2.pdf

https://www.cell.com/cancer-cell/pdf/S1535-6108(02)00133-2.pdf


Systems Biology
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Multi Cell 
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Advantages

In vivo or in vitro techniques limited:  

Resource-intensive
 Expensive 
Time consuming 
Impractical 
Can be unethical 



Your thoughts

Can you think of some examples of when a 
study might be: 

1. Impractical 
2. Unethical 



One Answer

Studying Ageing



Studies examining nutrient/drug toxicity /deficiency often depend on animals. 

Recent guidelines suggest reducing the number of animals used in such experiments. 

Modelling proposed as an alternative.

Answer-Ethics



Part 2 

The Model Building Process 



The Challenges

Spend five minutes making a list of 
what you consider to be the challenges 

of building a model? 



My Experience

• Can be difficulty to assemble diverse data into a form a computer 
can use.

• Time consuming. 

• Difficult to represent the complexity of biological systems- gaps in 
understanding are commonplace. 

• Difficult to get appropriate data to build the models as a lot  of data 
is unsuitable.

• Once complete, biologists can be sceptical. 



The Up side! 

A rewarding & Enjoyable Experience

You don’t have to be a computing/mathematical 
genius. 

You develop a much deeper understanding of 
Biology.

You think about biological systems in a different 
way & sometimes see things wet lab scientists 
miss. 



Why Build Models? 

Despite the challenges- computational models of biological 
systems are becoming increasingly popular: 

• Convenient, cheap, ethical and effective way of 
dealing with biological complexity.

• Allows hypotheses/experiments to be tested  that are 
difficult to do in vivo or in vitro. 

• Relevant to the study of ageing.

• Vital part of  systems biology.



Advantages of Modelling Adapted from Leloup and Goldbeter (2000)

1 Can improve our understanding of the biology and generate new insights.

2 Can highlight gaps in current knowledge.

3 Can be used as a predictive tool e.g. to test a particular hypothesis.

4 Can improve our understanding of the biological process.

5 Can develop the capacity to make clear, testable predictions.

6 Can provide a framework to ask questions that may be difficult to pose in 
reality, or may be difficult to answer using conventional means.

7 May lead to counterintuitive explanations and unusual predictions.

8 Provide a means to analyse complex situations involving multiple variables, 
which are impossible to handle using human intuition alone.

9 Can provide a rapid way to analyse a biological system under a wide range of 
conditions.

10 The availability of huge amounts of high-throughput biological data.

Why Build Models? 

Advantages
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The Steps involved in Building a Computational Model

Mc Auley. In 

Computer Modelling 

for Nutritionists   

(2019)



Steps 1 and 2 

Cholesterol metabolism is is an area that offers a 

degree of familiarity. 

Hypothesis to be tested. Dietary cholesterol has no 

effect on LDL-C.

Create reactions.  

R1:Dietary Cholesterol -> Intestinal Cholesterol

R2: Intestinal Cholesterol Synthesis -> Intestinal Cholesterol

R3: Hepatic Bile Salts -> Intestinal Bile Salts



Steps 3: Network Diagram 

Mc Auley et al. In BMC Systems Biology   (2012)



Steps 4: Software tools 

COPASI & Cell Designer 

http://copasi.org/ http://www.celldesigner.org/

http://copasi.org/
http://www.celldesigner.org/


Steps 5: Adding 

Biochemical Reactions

1. Download, install and open COPASI.

2. Go to the side panel, click Model, a Model window will appear.

3. Beside ‘Model’ enter a name e.g. ‘Model of Cholesterol Metabolism.’

4. Change the time unit to days (this model is in days).

5. Click File  Save As, give the file a name.

6. Go to the side panel and click Model  Biochemical  Reactions.

7. The ‘Reactions’ window will appear.

8. Double click to the left of ‘New Reaction’, this will allow a new reaction to be entered.

9. A new window will appear.

10. Where ‘Reaction’ is in bold at the top of the window delete ‘reaction_1’ and enter ‘R1’

11. Below ‘Reaction’ is a row for adding the word equation.

Enter reaction R1 by typing, DC -> IC. The row will turn blue when the data 

Adding Reactions using COPASI 



Steps 6: Parameters 

Types of Reactions

Order Reaction

Zero order N

1st order NP

2nd Order N1+N2P



Steps 6: Parameters 
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Steps 6: Parameters 

https://www.brenda-enzymes.org/

https://www.brenda-enzymes.org/


Your First Model 

Make  a list of 
variables & 
reactions.

Gene

mRNA decay  mRNA  

Protein 
Decay Protein 



Your Model Summary

Table. 1 Summary of Simple Gene Model

Variables Abbreviation Reactions 



Methyl transfer 

Dietary Folate 

THF

Dihydrofolate 

SAM

5-methyl THF 

Homocysteine

10-formyl THF

Methylenetetrahydrofolate 

reductase

dTMP

dUMP

SAH

DNA Methylation  
DNA 

Synthesis

Methionine 

synthase 

B12

Purines

Pyrimidines

5,10-MTHF

B6

Thymidylate 

synthase 

Dihydrofolate

reductase

Methionine

Folate metabolism:

Abbreviations:dUMP,deoxyuridinemonophosphate;dTMP,deoxythymidinemonophospha

te;10frormyl THF, 10-formyltetrahydrofolate SAH, S-Adenosyl-L-homocysteine; SAM, 

S-Adenosyl methionine; THF, Tetrahydrofolate; 5, 10 MTHF, 5, 10 methylene THF. 

Diuagram adapted from  Lamprecht and Lipkin (2003)

Activity: Folate modelling

Make  a list of variables & 
reactions.



Your Model Summary

Table 2. Summary of Folate Model

Variables Abbreviation Reactions 



Steps 7,8,9:Simulate/Validate

Abbreviations
F=Folate
THF=Tetrahydrfolate
5MTHF=5- methyltetrahyrofolate
510MTHF= 5,10 methylenetetrahydrofolate 
Met=Methionine
SAM=S-adenosylmethionine
SAH=S adenslyhomocyteine
Hcy=Homocysteine
DHF=Dihydrofolate
10Form= 10,formyl THF

A list of Cellular Reactions 

Biologist do not need to know how to Code- Let the computer do the work!

Enter your reactions  into 
a computer programme 
which has a friendly & 
intuitive user  interface! 

Run simulations
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Steps 7,8,9:Simulate/Validate
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Step 10:Archive 
Reactions 

The Systems Biology Markup Language (SBML)

•Historically models constructed with 
a variety of software tools.  

•Gave rise to difficulties in sharing, 
enhancing & modifying. 

•Understanding of biology changes 
quickly. 

•In response a group of software 
engineers developed SBML.



Step 10:BioModels Database

•A repository for storing 
SBML based models, 
published in peer reviewed 
journals.

•Consists of both a curated & 
non-curated section.

•Excellent resource for 
exploring biological models.

https://www.ebi.ac.uk/biomodels/

https://www.ebi.ac.uk/biomodels/


Learning Check 

List the steps in building a 
mathematical model. 



Activity

How could you create a 
model of Glycolysis?
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