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Your Thoughts

With the people around
vou discuss what you
understand by the term
model?
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In this Context

An abstract process where a
process of interest is
represented on a computer in a
very precise manner using
mathematics.
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The Process

Biology |«

l

Mathematics

l

Simulate
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apChester NOt a New Technique

e 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.



Overview

Computational
Systems Biology

Modelling Bioscience

I.  Engineering I.  Nutrition

Il. Maths/Physics [l. Biology
I1l.  Computer Science [1l. Physiology
IV. Statistics IV. Biochemistry
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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.
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Activity

Consider why
Computational Models
are used in Biology
Research?
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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.




Physical Activity

Health span/Longevity Antioxidant
intake?
Endogenous

Environmental stressors

antioxidant
production

Metabolic Pathways
Maintenance and e.g. mTOR, Sirtuins IGE-1
repair e.g. PARP, regulated pathways
telomerase

Caloric
restriction

Telomere
status
Endogenous
] ] oxidativestress
Mitochondrial
Function Gene L
Transcription
T Epigenome
senescence Integrit
enty state
. Methylation Methyl
Malr'!tenanceand Genetic Donors
repairsystemse.g. ARG

P53

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

s it possible to fully analyse what is happening?
I
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Reasons continued

. Model offers an alternative means of

handling complexity.

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

. Contrasts with reductionism.
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pChester ~ Oystems Biology

|t has been recognized that to appreciate the
interactions involved in cells, tissues & organ systemes,
integrative approaches needed.

*Integrative approaches build on data from diverse
sources:

> Metabolomics
> Proteomics
» Genomics
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Systems Biology

C ORRESVPOMNMDENMNTCE

Can a biologist fix a radio?—Or, what |
learned while studying apoptosis

As a freshly minted Assistant Professor, | feared that everything
in my field would be discovered before | even had a chance to
set up my laboratory. Indeed, the field of apoptosis, which | had
recently joined, was developing at a mind-boggling speed.
Components of the previously mysterious process were being
discovered almost weekly, frequent scientific meetings had little
overlap in their contents, and it seemed that every issue of Cell,
Mature, or Science had to have at least one paper on apoptosis.
My fear led me to seek advice from David Papermaster (cur-
rently at the University of Connecticut), who | knew to be a per-
gon with pronounced common sense and extensive experience.
David listened to my outpouring of primal fear and explained
why | should not worry.

David said that every field he witnessed during his decades
in biclogical research developed quite similarly. At the first
stage, a small number of scientists would somewhat leisurely
discuss a problem that would appear esoteric to others, such as
whether cell cycle is controlled by an oscillator or whether cells
can commit suicide. At this stage the understanding of the prob-
lemn increases slowly, and scientists are generally nice to each
other, a few personal antipathies notwithstanding. Then, an
unexpected observation, such as the discovery of cyclins or the
finding that apoptosis failure can contribute to cancer, makes
many realize that the previously mysterious process can be dis-
sected with available tools and, importantly, that this effort may
result in a miracle drug. At once, the field is converted into a
Klondike gold rush with all the characteristic dynamics, mentali-
ty, and morals. A major driving force becomes the desire to find
the nugget that will secure a place in textbooks, guarantee an
unrelenting envy of peers, and, at last, solve all financial prob-
lems. The assumed proximity of this imaginary nugget easily
attracts both financial and human resources, which results in a
rapid expansion of the field. The understanding of the biclogical
process increases accordingly and results in crystal clear mod-
els that often explain everything and point at targets for future
miracle drugs. People at this stage are not necessarily nice,
though, as anyone who has read about a gold rush can expect.
This description fit the then current state of the apoptosis field
rather well, which made me wonder why David was smiling so
reassuringly. He took his time to explain.

At some point, David said, the field reaches a stage at
which models, that seemed so complete, fall apart, predictions
that were considered so obvious are found to be wrong, and
attempts to develop wonder drugs largely fail. This stage is
characterized by a sense of frustration at the complexity of the
process, and by a sinking feeling that despite all that intense
digging the promised cure-all may not materialize. In other
words, the field hits the wall, even though the intensity of
research remains unabated for a while, resulting in thousands
of publications, many of which are contradictory or largely
descriptive. The flood of publications is explained, in part, by the
sheer amount of accumulated information (about 10,000 papers
on apoptosis were published yearly over the last few years),
which makes reviewers of the manuscripts as confused and
overwhelmed as their authors. This stage can be summarized
by the paradox that the more facts we learn the less we under-
stand the process we study.

It becomes slowly apparent that even if the anticipated gold
deposits exist, finding them is not guaranteed. At this stage, the
Chinese saying that it is difficult to find a black cat in a dark
room, especially if there is no cat, comes to mind too often. If
you want to continue meaningful research at this time of wide-
spread desperation, David said, learn how to make good tools
and how to keep your mind clear under adverse circumstances.
I am grateful to David for his advice, which gave me hope and,
eventually, helped me to enjoy my research even after my field
did reach the state he predicted

At some point | began to realize that David's paradox has a
meaning that is deeper than a survival advice. Indeed, it was
puzzling to me why this paradox manifested itself not only in
studies of fundamental processes, such as apoptosis or cell
cycle, but even in studies of individual proteins. For example,
the mystery of what the tumor suppressor p53 actually does
seems only to deepen as the number of publications about this
protein rises abowve 23,000.

The notion that your work will create more confusion is not
particularly stimulating, which made me look for guidance
again. Joe Gall at the Carnegie Institution, who started to pub-
lish before | was born, and is an author of an excellent series of
essays on the history of biclogy (Gall, 1996}, relieved my mental
suffering by pointing out that a period of stagnation is eventual-
ly interrupted by a new dewvelopment. As an example, he
referred to the studies of cell death that took place in the nine-
teenth century (Gall, 1996, chapter 29), faded into oblivion, and
reemerged a century later with about 60,000 studies on the
subject published during a single decade. Even though a
prospect of a possible surge in activity in my field was relieving,
| started to wonder whether anything could be done to expedite
this event, which brought me to think about the nature of David's
paradox. The generality of the paradox suggested some com-
mon fundamental flaw of how biologists approach problems.

To understand what this flaw is, | decided to follow the

advice of my high school mathematics teacher, who recom-
mended testing an approach by applying it to a problem that has
a known solution. To abstract from peculiarities of biological
experimental systems, | locked for a problem that would involve
a reasonably complex but well understood system. Eventually, |
thought of the old broken transistor radio that my wife brought

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
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NP Chester Advantages

In vivo or in vitro techniques limited:

»Resource-intensive
» Expensive

»Time consuming
»Impractical

»Can be unethical
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Your thoughts

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

1. Impractical
2. Unethical
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One Answer

Studying Ageing

doi: 10.1093/bib/bbw116
Paper
OXFORD

Computational modelling folate metabolism and
DNA methylation: implications for understanding
health and ageing

Mark T. Mc Auley, Kathleen M. Mooney and J. Enrique Salcedo-Sora

Corresponding author. Mark Mc Auley, Department of Chemical Engineering, Thornton Science Park, University of Chester, Chester CH2 4NU, UK.
Tel.: +44(0124) 513927; E-mail: m.mcauley@chester.ac.uk
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Answer-Ethics

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.

Systems Biology and Synthetic Biology: A New Epoch for

Investigating cholesterol metabolism and ageing using a systems

, Toxicology Research
biology approach
A.E Morgan', K. M. Mooney’, S.J. Wilkinson', N. A. Pickles” and M. T, Mc Auley'* Mark T. Me Auley, Hyunok Choi,’ Kathleen Mooney;
'Department of Chemical Engineering, Universty of Chester, Thomton Science Park, Chester CH2 4NU, UK By Paal * and Veronica M. Miller™
Faculty of Health and Social Care, Edge Hill Universty, Ormskirk, Lancashive L39 40P, UK e, '

“Department of Biological Sciences, University of Chester, Parkgate Road, Chester CHI 4BJ, UK ’Famlry of Science and Engineering, Universtyof Chester, Thornton Science Park, Chester CH24NU UK

"Departmentsof Environmental Health Sciences, Epidemilogy and Biostaitcs, SUNY Albany School of Public ealth
One University Place, R 153, Rensselner, NY 12044-3456, USA

JFamh‘y of Health and Social Care, Edge Hill University, St Hlens Road, Ormskirk, Lancashire L39 4QP, UK
Division of Genetics, Wadsworth Center, New York State Department of Health, Albany, NY 12206, USA
"Molecular Tosicology, Wadsworth Center, New York State Department of Health, Albany, NY 12201, USA
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The Model Building Process
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q¥Chester  The Challenges

Spend five minutes making a list of
what you consider to be the challenges
of building a model?
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e Can be difficulty to assemble diverse data into a form a computer
can use.

* Time consuming.

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

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

* Once complete, biologists can be sceptical.
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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

MmIsS.
e
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¥ Chester 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.

e Vital part of systems biology.




Advantages of Modelling Adapted from Leloup and Goldbeter (2000)

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

Can highlight gaps in current knowledge.

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

Can improve our understanding of the biological process.

Can develop the capacity to make clear, testable predictions.

OO V| WIN]|E

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

~

May lead to counterintuitive explanations and unusual predictions.

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

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.




Part one

The Steps involved in Building a %?mputational Model

— (1)

Identify a System to
Model & define a
Hypothesis

Revisit hypothesis.

)

List the Variables & their
Interactions

(©)

Create a Network
Diagram

ol

Identify & use
a software tool
to build the
model

B) ¥

Add reactions to

Archive model

Use Existing
Model

(10) /

Hypothesis

Conduct

Exploration

A

(8)

Model
Validation

)

(7)

Simulate
Model

!

(6)

the software

>

Add Kinetic data &

set initial conditions

Part 2

> Laboratory
Experimentation

Mc Auley. In
Computer Modelling
for Nutritionists
(2019)
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NP Chester Steps1and 2

Cholesterol metabolism is iIs 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
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P:Chester Steps 3: Network Diagram

— > { VDL€

[(J—» bLc

Dietary Intake

Dietary

Cholesteral LDLR:
Intestinal| Tissue
g\ Plasma
Excreted Intestinal 4\ D/
Cholesterol Hepatic
Excreted Cholesterol Pool HLDLRS DLS
Chuolesteral D/V/ \E\
Intestinal Bile Salt:
Bile Salt | ___—»|_ Pool 8 Hepatic
cholesterol esters

s | Hepatic Tissue
Peripheral Tissue / ‘]
Peripheral

e PLDLRS

1. ® e

Peripheral
Cholesteral Esters

Mc Auley et al. In BMC Systems Biology (2012)
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Steps 4. Software tools

COPASI & Cell Designer

COPASI -

COPASI: Biochemical System Simulator

COPASI is a software application for simulation and analysis of biochemic

COPASI is a stand-alone program that supports models in the SBML stan
or Gillespie's stochastic simulation algorithm; arbitrary discrete events car
many features can be found here.

http://copasi.org/

-

CellDesigner.org Custom
home | features =downloads | documents = models  forum | news | links | contacts
home
Menu CellDesigner™: A modeling tool of biochemical networks
Features
Download Current Release Version: CellDesigner 4.4.2
Quick Tutorial *cgﬁgenslfgar?er macOS Mojave and Ubuntu 18.04 support + Plugin APl:
Documents For MacOSX Users (El Capitan above)
Help Please use Java 6 above 1.6.0_65-b14-466, which is downloadable fi
Simulation Check also:

http://www.celldesigner.orqg/



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

:r:Unwersnty of  Steps 5: Adding

Biochemical Reactions

Adding Reactions using COPASI

Download, install and open COPASI.

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

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

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

Click File — Save As, give the file a name.

Go to the side panel and click Model — Biochemical — Reactions.

The ‘Reactions’ window will appear.

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

N~ WNE




Types of Reactions

Order Reaction

Zero order N—©6

1st order N—P

2nd Order N1+N2—>P

Concentration of Nutrient

— First order
--- Second order
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Substrate
Substrate

Enzyme Enzyme Enzyme

Enzyme-Substrate Complex

24

'\ _________________ Michaelis-Menten Kinetics

J V v S]
Kn+[S]

Rate of Reaction

60 80 100
Substrate concentration
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Steps 6: Parameters

%Y BRENDA ||

The Comprehensive Enzyme Information System

NEW: Have a look at our revised Metabolic Pathways!

|F'Ieas.e enter a search term

|Enz1,rme. Ligand V| |cc-ntains V|

add search field | delete search fizld | start search |

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



https://www.brenda-enzymes.org/
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Your First Model

Make a list of #
variables & mRNA decay  Js mRNA
reactions.
Protein .
Decay — Protein
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AP Chester Your Model Summary

Table. 1 Summary of Simple Gene Model

Variables Abbreviation | Reactions




Activity: Folate modelling Dietarv Folate
ietary

l dUMP

Dihydrofolate Pyrimidines

l‘\

SAM |€ Methionine

™~

Dihydrofolate
reductase

lO-fOI’my| THF Purines
|

SAH Methionine

synthase
[

5,10-MTHF

Methyl transfer

Homocysteine

lMethernetetrahyd rofolate

]

|

|

i

reductase :

5-methyl THF i

i

1

1

i

v Make a list of variables & DNAV
DNA Methylation reactions. Synthesis

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)
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AP Chester Your Model Summary

Table 2. Summary of Folate Model

Variables Abbreviation | Reactions




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

— Reactions
Abbreviations
F=Folate F—*% SsDHF
THF=Tetrahydrfolate DHE % s THE
5MTHF=5- methyltetrahyrofolate .
510MTHF= 5,10 methylenetetrahydrofolate THF >510MTHF
Met=Methionine 510MTHF —*+>5MTHF
SAM=S-adenosylmethionine 510MTHF —*s_s DHF
SAH=S adenslyh9mocyte|ne SMTHF+Hcy — > THF +Met
Hcy=Homocysteine .
DHF=Dihydrofolate Met———SAM
10Form= 10,formyl THF THF—=510FORM
10FORM —*=— DHF
SAM —*2_, DNA_CH,+SAH
SAH —f1 5 Hey
10FORM+510MTHF —%2— DNA
g
s ©
B o
t Q7 .
@ < Dihydrofolate
s 8 Tetrahydrofolate
Qo «
L7s]
QL [e=]
2 8
@ ~ o .
& o Run simulations
O —]

Time [s]

50

S

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

COPASI Model Building

‘© COPASI4.10 (Build 55)
File Tools Window Help

oo =]

[JH ™ {§ « E; °% 5@ [Concentrations ~

4 COPASI
Model
Tasks
Output Specifications
Functions (38)

Model riew Model

Detais | Annotation | RDF Brawser

Time Unit [s -
Quantity Unit | mmal -

V] Apply Stochastic Correction to Rate Laws

Volume Unit {ml -

Initial Time () 0

Time {s) nan

Commit Revert
[
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Reactions

F—% > DHF

DHF — 5 THF

THF — >510MTHF
510MTHF —*« >5MTHF
510MTHF —*— DHF
5MTHF+Hcy —— THF +Met
Met—*—>SAM

THF —% >10FORM

10FORM —*— DHF

SAM —*¢ 5 DNA_CH,+SAH
SAH —% 5 Hcy
10FORM+510MTHF —X2— DNA

350
|

300
|

& Dihydrofolate
Tetrahydrofolate

250
|

Molecule Number
200
|

150
I

100
|

\ 1 \ 1 \ 1
0 10 20 30 40 50

Time [s]

Steps 7,8,9:Simulate/Validate

Stochastic Framework

(G FolztehModel - COPASI4.7 (Build 34) C:/Users/mcaulem/Desktop/FolateModel cps == EEE
File Tools Help

0@ B @ @ 4 . B 5% 58 |concentrations

COPAST
> Model Time Course update model executable

4 Tasks Duration (s) 50

Steady-State

Stoichiometric Analysis Interval Size (5) 1 Intervals 50

4 {limeGouse Suppress Output Before (s)
Result
Metabolic Control Analysis Qutput Events  |V| Save Result in Memory

Lyapunov Exponents

Time Scale Separation Analysis
Parameter Scan

Optimization Method [Shochash'c (Gibson + Bruck) v]
Parameter Estimation Deterministic (LSODA)

Integration Interval () 0 to 50 Qutput Interval (g) 0 to 50

Parameter
Sensitivities

Qutput Specifications

Stochastic (Direct method)
Stochastic (t-Leap)

+ Functions (38) Stochastic (Adaptive SSAfT-Leap)
Hybrid (Runge-Kutta)

Hybrid (LSODA)

Run || Revert | ‘ Repart HOumutAsswstant
[l I 3
o
S -
—
o
s ® o SMTHF
2 © Methionine
E
> [ I
= ©
@
3
Q
[0} o
° <
=
o
™~

Time [s]
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Step 10:Archive

GML org

*Historically models constructed with Tha Syskama Biolagy Markup Languags

a variety of software tools.

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

eUnderstanding of biology changes
quickly.

In response a group of software
engineers developed SBML.

% MNews Documents Downloads Forums Facilities Community Events About @ B @

Welcome to the portal for the Systems Biology Markup Language (SBML),
a free and open interchange format for computer models of biological
processes. SBML is useful for models of metabolism, cell signaling, and mare.
It has been in development by an international community since the year
2000.

For the curious
What is SBML? Read our introduction, then perhaps browse the
mailing lists to glimpse what's happening with SBML today.

For modelers

Looking for software that supports SBML? Our software guide
lists over 230 systems. Are you instead looking for models?
Visit BioModels Database &, where you can find hundreds!

For software developers

Interasted in supporting SBML in your software? Read our basic
introduction and then the SBML specifications to understand
how to use SBML. After that, you may want to look at libSBML.

No matter how you use SBML, we invite you to sign up for news updates
either through our RSS feed, our Twitter feed &, or one of the mailing lists,
and get involved with community efforts to help keep improving SBML. You
can also call attention to your project's support of SBML by displaying the
SBML logo.

SBML would not have been possible without support from multiple agencies
and organizations, as well as intellectual contributions from many motivated
individuals, including the major contributors who are shaping SBML Level 3.

SBML News

@
COMBINE 2012 survey [“’j
Vov.'11) We are running a
survey to set the dates of COMBINE
2012 in Toronto, Canada.

libSBML 5.2.0 released! H
2 Nov.'11) The latest

IleBML release adds new features

and fixes more bugs.

Older news ...
Community News

SurreyFBA 1.32 released @ &’;
18 Nov,'11) SurreyFBAE
performs constraint-based simulations
and network map visualization, and
can import SBML.

BioUMl 0.9.3b released &’;
1) The new release

addﬁ prehmlnan’ support for SED-ML

and other improvements all around.

AMI G‘O released! &“_D
11) The Advanced

Model Identlfl:at\on using Global

Optimization toolbox for MATLAB

supports SBML.

Older news ...

You can tell us what to announce.

The Systems Biology Markup Language (SBML)
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w:C 10:B D
hester Step 0:BioModels Database

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

eConsists of both a curated &
non-curated section.

*Excellent resource for
exploring biological models.

i7A BioModels

4a»”

51 Browse ¥ ' € Support ~

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



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

List the steps in building a
mathematical model.
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Activity

How could you create a
model of Glycolysis?
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Mark Tomas Mc Auley

Computer
Modelling
for Nutritionists
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