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PhD: Specifying and Reasoning about
Concurrent Systems 1n Logic
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... solving really useful problems
‘8 queens’
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. ‘dining philosphers’
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DNA the molecule of life

QSR )z’*\‘%\)\ *1{\\ ’&; @sgz‘;\;_,,\;
Trillions of cells Ve A ,

@
Each cell: > &
. chromosomes

® 46 human

chromosomes

* 2 meters of
DNA

¢ 3 billion DNA
subunits (the
bases: A, T, C, G)

“ Approximately
genes
code for proteins

that perform most
life functions
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More genes —
better?

= = — DNA
Transcription l
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Gene structure

DNA ene
l Transcription
MRNA
l Translation
Protein
sequence
Folded

Protein
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... Patterns ...

XXX

x \ / x

X Zn

x / \
C H

XXXX XXXXXX

C-x(2,4)-C-x(3)-[ILVMFYWC]-x(8)-H-x(3,5)—-H

Brazma, I. Jonassen, |. Eidhammer and D.R. Gilbert. Approaches to the automatic discovery of patterns in biosequences,
Journal of Computational Biology 1998
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Stem loops

(1) m (2)

a-u u-a
g-c a-u
u-a g-c

c=g c-=g
—augg ggcau. aggc ccgu

[9&2% stem g’c} e

ARG ﬁ: :GM:;‘; . §'p bulge
(1) auggcugacucagggcau ol | }@m
: c‘::;G ‘.:G‘A‘E;".‘:;Ad‘i&x; ::.0_c
(2) aggccgaugaucgccgu e ¥y [

G 5

[ enpt ‘bulge 3‘:%

{ VS
a B ar C . ACCAU/P,, stem  loop
2

G,
O-CC A roll-over

o"?’ O

>0

Eidhammer, Jonassen, Grinhang, Gilbert & Ratnayake, A contraint-based structure description language for
biosequences, Journal of Constraints 6:2/3, 2001

Inaugural Lecture 24/03/11 david.gilbert@brunel.ac.uk

11




Pseudo-knot

ggcauaucgccgu
HER

gacucuagcC

|11
auggcugaaggc

String:
auggcugaaggccgaucucagggcauaucgccgu
a Y, Py, vy pre
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The European Bioinformatics Institute

EPSRC Visiting Research Fellow at
the European Bioinformatics
Institute: "Formalising TOPS

cartoons, and the development of

an interactive similarity search
mechanism over TOPS databases”
1998

David Westhead

Janet Thornton
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PDB: Protein Data Bank

Yearly Growth of Total Structures

number of structures can be viewed by hovering mouse over the bar
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Protein structure - levels

SECONDARY STRUCTURE (helices, strands)

IMARY STRUCTURE (amino sequence)

CVLAHHFGKEFTPP
QKVVAGVANALAHKYH

TERTIARY STRUCTURE (fold)

QUATERNARY STRUCTURE
Inaugural Lecture 24/03/11 david.gilbert@brunel.ac.uk
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“Greek key” 00

ﬁf /’-';‘ ——,E.A
mo 00 9 «x)
N1 2

1

topology of the Greek key




Jelly roll




Beta propellor
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Plait motif
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insert SSEs
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Pattern matching
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Image Name Classification

Motif matching:

1qr7A0 | 3.20.20.280.1.1.1

TIM Barrel

1bd0A1 3.20.20.10.1.1.1

1wkf00 (3.20.20.105.1.1.1

ODOATAGATGAGAGAGATGADO 1pymA03.20.20.270.1.1.1

% 1law500 ||3.20.20.230.1.1.1

1b5tAO 3.20.20.222.1.1.1
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Compression

eSend the pattern once, and
e Send the uncovered parts of each structure
e Range: 0 (no similarity) to 1 (identical)

Pattern P
A/Y\{\A

A@A@@ AA AAAA

Special case: When 2 examples, compression gives comparison
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Fast protein structure comparison

0 z{v TAAVAYO
Pairwise comparison of cath with target: pdb2bop_A0 } U
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Cartoon

Diagram

Compression | Name

Classification

a{oyavho

o . . |09166667 |1vhiAO [3.30.70.390.1.1.1
nAvs4vaym

% /7 . 08833333 lqaxAl 3.30.70420.1.1.1
0V00YATAD

S 08055556  |SmbAl 330.70.150.1.1.1
n49svoyE

r—f* . 078846157 |1f0xAl 3.30.70.610.1.1.1
04940y

%% — 0.77380955 |Lf3VAQ [3.30.70.680.1.1.1
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DNA

MRNA

Protein
seguence

Folded
Protein
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Genes to systems

Metabolism of
Complex Carbohydrat

Metabolism of

METABOLIC PATHWAYS

Complex Lipids
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Networks

* Gene regulation

4 o

* Protein-protein interaction

e Metabolic

 Developmental

* Signalling

Inaugural Lecture 24/03/11 david.gilbert@brunel.ac.uk



Biochemical

Pathways
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Methionine Biosynthesis in E.coli, aMAZE data model

expressiur}

repression
T ep; ession

IL]?}"L’SSZ()I’[

E Holorepressor

Ie[)ieSSlOl’l

I(?]JI ession

assembl
Aporepres or
expremo

repres:s Sl()}’l
met) \/

L-aspartate
Ot—— |4' aspartate biosynth.
aspartate kinase Il/homoserine dehydrogenase Il O ATP
>G -Wztal S|
O App
asd aspartate semlaldehyde deshydrogenase O L- Aspartate—4—P
5 NADPH; H+
NADP+; Pi
' L- Aspartate semialdehyde
O » F lysine biosynth. |
JE— NADPH;H+
[ catalys——p 1117 © ’
(O  NADP+
L-Homoserine - -
O ,4' threonine biosynth. |
metA homoserine-O-succinyltransferase O .
S ewresiol—>T— 231ag— g O Succini scon
— — O HscoA
cystathionine-gamma-synthase Q aplha-succinyl-L-Homoserine
[epressio—0T T etk [ a2, & LCwteie
O Succinate
T
metC cystathionine-beta-lyase O Cystagionine
S eroiok—>T o> <0 e
O Pyruvate; NH4+
—
metE O Homocysteine
Cobalamin-independent homocysteine transmethylase
5-Methyl THF
Tl
activation|
S ewresiol—T3— ks
metH

§ ot >75

metR

assemblﬂ

Cobalamin-dependent homocysteine transmethylase

metR activator | L-Methionine
—Q ATP
O Pi; PPi
O

L-Adenosyl-L-Methionine

J van Helden, A Naim, R Mancuso, M Eldridge, L Wernisch, D Gilbert, and S Wodak (2000), Representing and

analysing molecular and cellular function in the computer, Journal of Biological Chemistry, 381 (9-10):921-35
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Interpretation of Gene Expre data

> .DNA chip~ -
experiraeht. ...

]
L]

Transcpff:tlon profiles

Lo

co-T, gulated genes

[

\Visualization\
A

2

[Mechanism of co-regulation ?] [ Functional meaning ?]

! |

Pattern discovery Pathway extraction
in regulatory regions in metabolic reaction graph
Putative Putative
regulatory sites metabolic pathways
v 4
Matching against Matching against
transcription factor metabolic pathway
database database
| 1
v v v v
Sites for / Novel Known Novel
known factor sites ways pathw

J van Helden, D Gilbert, L Wernisch, M Schroeder, and S Wodak (2001), Application of Regulatory Sequence Analysis and Metabolic
Network Analysis to the Interpretation of Gene Expression Data, in Computational Biology,LNCS 2006, pp147-163, ISBN 3-540-42242-0.
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Cell levels

Systems Behaviour System boundary

Metabolic metabolitel\A
) networks
_

Metabolome space

metabolite3
metabolite2

Cweae ) | Signalling
Pathways Proteome space
(amaze
rotein2
DIP Protein-protein Complex1-3 ‘
Come D Interaction  proteinl protein3

TRANSPAT!

Gene RNA1
Regulatory T | [ e,

Pathways

GenBank/
DDBJ/
EMBL
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Systems biology

wetlab
experiments

natural

biosystem

model-based
experiment design
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Formalising
understanding

observed
behaviour
model

(knowledge)

predicted /
analysis

behaviour
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I
Molecules/Levels . .
orL LTt Qualitative ! :>I—>.
I
I
I

Time-free R
L
| |

Timed, &/ T\ L W

Quantitative Monika Heiner

Approximation
Molecules/Levels goncentrations
: . > . eterministic rates
Stochaste By Stochastic Continuous LTLc
<
Approximation % = —k, x[A] \

Continuous State Space

DiscreteState Space

Gilbert, Heiner and Lehrack. A Unifying Framework for Modelling and Analysing Biochemical
Pathways Using Petri Nets.” Proc CMSB 2007
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What is a biochemical network model?

Raf-1* RKIP

1. Structure

2. Kinetics (if you can)

d[Raf1*]/dt = k1*m1*m2 + k2*m3 + k5*m4
k1 =10.53; k2 =0.0072; k5 = 0.0315

3. Initial conditions
[Raf1*],_,= 2 uMolar

Inaugural Lecture 24/03/11
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QUALITATIVE

reaction rates
QUANTITATIVE

marking , concentrations
QUANTITATIVE
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Biochemical networks

We can describe the general topology and single biochemical steps. However, we
do not understand the network function as a whole.

R t
MO e e
@
<Rap1> GEF

ATP  (camp ]

cell membrane

B-Raf AMP

e
el

<

transcription
factors

nucleus

Walter Kolch Muffy Calder
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MAPK Pathway

Responds to wide range of stimuli:
cytokines, growth factors,
neurotransmitters, cellular stress and
cell adherence,...

Pivotal role in many key cellular
processes:

growth control in all its variations,
cell differentiation and survival

cellular adaptation to chemical and
physical stress.

Deregulated in various diseases: cancer;
immunological, inflammatory and
degenerative syndromes,

Represents an important drug target.

Inaugural Lecture 24/03/11

Effector
enzymes

Ligand
Growth
factor

Ligand-

binding

domain

Enzymatic
activity in
intracellular
Protein kinase
activity

Intracellular
(cytoplasmic)
mediators Adaptor proteins

Docking proteins
GTP-binding proteins

Protein or lipid kinases
Phosphodiesterases
Metabolic enzymes

Transcription
factors

Nuclear membrane

david.gilbert@brunel.ac.uk
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ERK cascade well known biological amplifier

* Amplifies the original signal to create effective cellular responses.

 1:3:5 are the approximate ratios of Raf-1, MEK and ERK in fibroblasts.

* Well known negative feedback loop:

phosphorylation of SOS by ERK-PP (via Negative feedback
MAPKAP1) resulting in the dissociation ﬂ
of the Grb2/SOS complex. /v
[MEK |<: ERK
\ERK
 New negative feedback loop: 1 1 /.EEE O
ERK-PP phosphorylates Raf-1 resulting [Recepor} {505 |—+[Fes |- [raf-1 | —{mex [ [erk ] 5
in a hyper-phosphorylated inactive form Input Nz =

of Raf
(Dougherty et al. 2005)

i/
m
~

7NN

mjimjimi{jmj||m
DNZ|ZB|ZI||=Z
ANANANAR]|=

Amplifier ERK

Dougherty et al. (2005), Regulation of Raf-1 by Direct Feedback Phosphorylation, Molecular Cell 17 215-224



Negative Feedback Amplifier

Standard Amplifier Negative Feedback Amplifier

u +

e R
—~0— 2 I—=0— "O—la —0—=

y=Uu*A F

Negative feedback amplifier from electronics
Amplifier with a negative feedback loop from the output of the amplifier to its input.

NF loop = a system much more robust to disturbances in the amplifier.

NFA was invented in 1927 by Harold Black of Western Electric.
Originally used for reducing distortion in long distance telephone lines.

NFA a key electrical component used in a wide variety of applications



How to test if the ERK pathway is a NFA?

Strategy
In vivo system that allows us Computational Model of
to compare feedback broken ERK pathway with/without

to feedback intact model. feedback



Computational Modeling 1:
Build the model

« Non-linear ordinary differential
equations (ODE's).

« ODE's were solved using Math Lab
and Gepasi.

 Models are based on the Schoeberl| et
al. (2002) model

« Mass Action Kinetics instead of
Michaelis Menten

« Kinetic parameters are from
literature, previous models and
"guesstimates”

Schoeberl et al. (2002), Computational modeling of the dynamics of the MAP kinase cascade activated
by surface and internalized EGF receptors, Nature Biotechnology 20, 370-375

Inaugural Lecture 24/03/11 david.gilbert@brunel.ac.uk 39



The experimental systems

Negative feedback
loops intact

EGFR

One feedback loop
eliminated by
constitutively active
RasV12 mutant

i — 4557W EGFR inhibitor

S0S ¢t

|

Ras

l

—> Raf

l

MEK
i|— U0126

RasV12

l

—> Raf

l

MEK
i|— U0126

ERK

l
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ERK

|

david.gilbert@brunel.ac.uk

Both feedback loops
eliminated by BXB-ER
(4-OHT regulatable
Raf-1 mutant)

4-OHT

l

BXB-ER

l

MEK
l|— U0126

ERK

l

MEK
inhibitor

40




Figure 3

(A) Model prediction (B) Biochemical validation

A) B)
14X108 14
12X10 1.2
10X10 +EGF +increasing 4557W 14 { +EGF +increasing 4557W
i i
< 8X109 | | < 0.8 |
‘S 6X10 [ECF +increasing 0126 5 0671 +EGF +increasing U0126
4X108 041}
2X109|  +4HT +increasing U0126 021 ydilTyrncreasing LA120 |
O T T T T T T T i| ? T
uo1z6 0 5X106  10X105  15X106  20X106 25X106 Y0126 05 10 20 30 40 50 uM
Ras-GTP 5350 4280 3210 2140 1070 0 4557TW 0 5 10 20 30 40 50 uM
_ _
Inhibitor concentrations Inhibitor concentrations
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The Mammalian MAPK/ERK Pathway Exhibits
Properties of a Negative Feedback Amplifier

 Three-tiered kinase module, signal amplifier.

* Negative feedback loops - system like negative feedback amplifier

* Smoothens the output to changes in input - system robust to change.
* No feedback loops: cells sensitive to inhibition of MEK

* Feedback intact: cells are resistant to inhibition there.

Drug development: inhibitors targetting components outside NFA are
more effective at inhibiting the pathway.

Sturm, Orton, Vyshemirsky, Grindlay, Birtwistle, Gilbert, Calder, Pitt,
Kholodenko and Kolch., Science Signalling Dec 21;3



Traditional Pharmaceutical R&D
Costly™ and Time Consuming™

Lead Discovery Drug Development

Research 8.9 Years
6 Years

*
. T I09m > $739m
o Dl

i {115 A

'Preclinical
|

Synthesis/
Screening :
Target Validation
Lead Optimization

Target ID
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Using the Utility to model the effect of drug inhibition

Effects of inhibiting EGFR on downstream signalling (ERK-PP).

iginal behaviour

SIMAP extended downstream model
IC50 & KD(M) values for 170 drugs from SIMAP database

0.0000002

species

0.0000001

Increasing inhibition:
* Amplitude of ERK-PP reduced
* Peak time shifted from 8 — 25 mins

0.0000000
0

250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3.250 3,500 3.750
time

— EGFR=0.0 — EGFR=3.7100000000000002E-9 EGFR=7.4200000000000004E-9 EGFR=1.1130000000000001E-8 EGFR=1.4840000000000001E-8
— EGFR=1.855E-8 EGFR=2.2260000000000002E-8 EGFR=2.597E-8 — EGFR=2.9680000000000002E-8 — EGFR=3.339E-8 — EGFR=3.71E-8
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Condor Based Grid Component for SIMAP Utility

B o
-

Jun Wang, Xuan Liu, Navonil Mustafee, Qian Gao, Simon J E Taylor, David Gilbert
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BioModel Engineering

EGF-EGFR ATP ADP GAP
13 EGFR —> EGF-EGFR >~ (EGF-EGFR)2~~~ (EGF-EGFR)2" = (EGF-EGFRY)2-GAP V166
74 X
EGFideg i ~ (EGF-EGFR')2-GAP-Gtb2
| vl GAP e She
V%1 " '
EGFi EGF-EGFRi ATP ADP ‘ "
| e P ADE!
EGFR = EGF-EGFRi = (EGF-EGFR)2\¢ (EGF-EGFRI2 f o2
(EGF-EGFR')2-GAP-She * Sos
ATP-|
|v23,70 V116
} / ADPy |
EGFRideg - - ek
(EGF-EGFR')2-GAP
) 48
1
Prot - Gib2-S05+= (EGF-EGFRY2-GAP-Gib2-S0s =1
' iy B gs), Ras-GOP = (i
| (EGF-EGFR'}2-GAP-She < 1)2-GAP-Grb2-Sos-Ras-GOP '
ENGINEERING F-EGFR')2-GAP-Grb2-Sos-Ras-GTP
(EGF-EGFRY)2-GAP-She-Grh2-Sas-Prot (ROF-BORIrIE- DAP-ObErSoseRos-0
! 2067
Ras-GTP ~ Ras-GTP'

v126,127
o 7 (EGF-EGFR")2-GAP-Grb2-Sos-ERK-PP =

V4,85 V5,81 V4789
MEK— 52 ME-Ral" ~, = MEK-P-— MEK-P-Re"~— » Raf e
V128,129 | . V143,146
- (EGF-EGFR')2-GAP-She’-Grb2-S0s-ERK-PP 19 ys0g2 RaP e VB 90 P
M ~ MEK-P-P'aseZe—— MEK-P +— MEK-PP-Pase2+—— MEK-PP (EGF-EGFR')2-GAP-Grb2-Sos'deg ERK-PP
1\ * Phosphatase2 + Phosphatase?

(EGF-EGFR')2-GAP-Shc'-Grb2-Sos'deq ERK-PP ; 4.0
ERK e ERK-MEK-W'—-“ERK-P = ERK-P-MEK-PP ——» MEK-PP
| ' MEK-PP

— ERK-P-Pased R Rk pp-pases % ERK.PP

* Phosphatase3 ~ Phosphatased
Rainer Breitling, David Gilbert, Monika Heiner, Richard Orton (2008). A structured approach for the engineering of biochemical
network models, illustrated for signalling pathways. Briefings in Bioinformatics

David Gilbert, Rainer Breitling, Monika Heiner, and Robin Donaldson (2009). An introduction to BioModel Engineering, illustrated
for signal transduction pathways, 9th International Workshop, WMC 2008, Edinburgh, UK LNCS Volume 539, pp13-28

Rainer Breitling, Robin Donaldson, David Gilbert, Monika Heiner (2010): Biomodel Engineering - From Structure to Behavior; :
Trans. Comp Systems Biology XlI, Springer LNBI 5945, pp. 1-12
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Model Checking
Biochemical Pathways

Property

Eg, “Order of peaks is; RafP, \
MEKPP, ERKPP
) Yes/no or
Model Checker [

probability
Pathway Model /

Formalising

Yvetlab understanding
experiments observed
behaviour

natural model
biosystem (knowledge)

\ predicted /
model-based behaviour analysis
experiment design
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Simulation-based Model Checking

Biochemical Pathways

Property
Eg, “Order of peaks is
RafP, MEKPP, ERKPP”

"\

Time series data

Behaviour Checker

RN

Model Lab
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design

desired
behaviour \ l
validation predicted
behaviour
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Yes/no or
probability

construction

——

/ model
(blueprint) J SE—
verification

e

validation

synthetic
biosystem

observed
behaviour
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Qualitative to quantitative descriptions
in PLTL

Qualitative:

Protein rises then falls
P=? [ ( d(Protein) >0 ) U ( G( d(Protein) <0) )]

Semi-qualitative:
Protein rises then falls to less than 50% of peak concentration
P=? [ ( d(Protein) >0) U ( G( d(Protein) <0) A F( [Protein] < 0.5 * max[Protein] ) ) ]

Semi-quantitative:
Protein rises then falls to less than 50% of peak concentration by 60 minutes
P=? [ ( d(Protein) >0) U ( G( d(Protein)<0) A F(time =60 A Protein < 0.5 * max(Protein) ) ) ]

Quantitative:

Protein rises then falls to less than 100uMol by 60 minutes
P=? [ ( d(Protein) >0) U ( G( d(Protein)<0) A F(time =60 A Protein<100))]




Parameter estimation

Response with EGF vs. NGF signal
EGF NGF
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Brightman & Fell, FEBS Lett 2000. “Differential feedback regulation of the MAPK cascade underlies the quantitative
differences in EGF and NGF signalling in PC12 cells”
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Desired Behaviour in PLTLc

The desired (sustained) NGF behaviour of the pathway was written in the original model paper.
Can be written in PLTLc as:

Sustained Ras: Active Ras peaks within 2 minutes to a maximum of 20% of total Ras and is stable between
5% and 10%

P_, [ d(active Ras) >0 U (time <2 A active Ras 2 0.15*total Ras
/\ active Ras < 0.2*total Ras A ( d(active Ras) < 0)
U ( G( active Ras > 0.05*total Ras A active Ras < 0.10%total Ras ) ) )]

Sustained MEK: Active MEK peaks within 2 to 5 minutes and is stable between 40% and 50% of peak value

P_, [d(MEKPP) >0 U (time 22 A time <5 A d(MEKPP) <0
U ( G( MEKPP 2 0.40%max(MEKPP) A MEKPP < 0.50%max(MEKPP) ))) ]

Sustained ERK: Active ERK peaks within 2 to 5 minutes and is stable between 85% and 100% of peak value

P_, [ (d(ERKPP)>0) U (time>2 A time <5 A d(ERKPP) <0
U ( G( ERKPP > 0.85 * max(ERKPP) ) ) ) ]

Robin Donaldson and David Gilbert (2008). A Model Checking Approach to the Parameter Estimation of
Biochemical Pathways In proceedings CMSB 2008 (Computational Methods in Systems Biology). To Appear.
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Model construction using a genetic algorithm

Sustained ERK:
Active ERK peaks
within2to 5
minutes and is
stable between
85% and 100% of
peak value
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2. Fithess Test
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3. Select Best Parents
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2000 models, 100 generations: 200,000 simulations/checks
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Parameter fitting results

* Built a fitness function for sustained Ras, MEK and ERK
* Ran the genetic algorithm with 100 generations and obtained results:

Simulation output of RasGTP Simulation output of MEKPP Simulation output of ERKPP
8 - 8 -
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* Original model of the NGF signalling pathway varying V28 (dotted)
* Best model returned when varying the critical parameters (solid)
* Critical parameters without V28 (dashed).

The best model returned when varying the critical parameters only required a 16-fold increase in
V28 (compared with 40-fold in original paper)

Even possible to get similar behaviour without varying V28

Inaugural Lecture 24/03/11 david.gilbert@brunel.ac.uk 53



System Biology of Trypanosoma metabollsm

— ((cys o Trypanothione Metabolism
in

Trypanosoma brucel

ADENCE MaDONALE DE La RECHERONE
b|OSC|ence for the future

Initiation of
Differentiation

Transmission
competence

Control of
Differentiation

WEST LONDON

i B iNRiA P @ Uniyersity Brunel

nal de la

Inaugural Lecture 24/03/11 david.gilbert@brunel.ac.uk 54



Metabolic systems analysis —

differentiation in Trypanosoma
Huma Lodhi & David Gilbert

Aim: Construction of accurate
dynamic models of
biochemical networks

Challenges:

€ Unknown / uncertain kinetic paramete
€ Short time course data

€ Noisy measurements

Solution:

Development of effective and efficient
techniques

Example: A bootstrapping based method f
estimating kinetic parameters.

SysTryp
BBSRC (Glasgow) — ANR
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Friedreich’s Ataxia

Unaffected ,,, FRATAXIN
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EUROPEAN
CONSORT IU]W FOR
TRANSLATIONAL STUDIES

RESEARCH FOR A BETTER FUTURE

* Europeas
Translational Studies
— EU funded (€6 million for 4 years)

— 13 clinical, basic and computational research groups (5 UK)
and Pharma (Repligen)

I”

 There is activity in all “Research” and “Pre-clinical” aspects of
the “Treatment Pipeline” that aims to take new FRDA

treatments through to clinical trials.
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Synthetic Biology
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A drug manufacturing plant

® “Audacious plan” New Scientist, May 2006
® Engineer e.coli / yeast to synthesise the anti-malarial artemisinin
® $42.6 million, Bill & Melinda Gates Foundation

® Plant difficult to grow and only yield minute
guantities of drug per kilo

® Artemisinin is expensive

» Engineer cheaper alternative and
save the world!

Artemisia annua
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Modular design — simple rules

* Enough pairs?
* Crosstalk?

fushltarazu 3'UTR /\
A
MRNA mMiRNA
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Design of novel miRNA:target site pairs

Maciej Trybito (PhD student), David Gilbert, Amanda Harvey
Brunel University

* Another major mechanism for gene expression regulation.
* Allow regulatory mechanisms to be more robust, fine tuned. -7
7
, 7’ UCGCGCGUUAUAACGU

* Cheap for the cell and faster.

* Rigorous computational design of new miRNAs for use in  / mRNA miRNA
Synthetic Biology '\ - e

* Major computational challenge: Avoid off-target hybridisation ¢ T

* Dry & Wet project A

\ -
~ Protein

synthesise

Characterisation
prof David Gilbert w Dr Amanda Harvey
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-ve siRNA, EGFP, sample 2, 5.4% green




Top-down Synthetic Biology development cycle

Model / check
7

Biosystem

construct

zzzzzzzzzzz

modify l
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Vision — behaviour driven design

odel construction
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Target Driven Biochemical Network Reconstruction Based on Petri nets and Simulated Annealing
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It is suggested that a system of chemical substances, called morphogens, reacting
together and diffusing through a tissue, is adequate to account for the main

» phenomena of morphogenesis. Such a system, although it may originally be quite

homogeneous, may later develop a pattern or structure due to an instability of the

homogeneous equilibrium, which is triggered off by random disturbances..

CES N SO
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... this might account, for instance, for the tentacle patterns on Hydra and for whorled
leaves... account for gastrulation...[and] phyllotaxis. The purpose of this paper is to
discuss a possible mechanism by which the genes of a zygote may determine the
anatomical structure of the resulting organism.
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Multiscale from signalling to organs

Petri nets (coloured, hierarchical)
Monika Heiner

Figure 4: Plots of concentrations of key proteins over time obtained by solving
0OEs,

ODEs, stochastics :’ E — E: ,. -
Planar Cell P-systems =2 S2T.223
Polarity (InfoBiotics - Nottingham) o = E ce == =

Pam Gao, David Tree

—> Design & genetically engineer ‘patterns’!
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Centre for Systems and Synthetic Biology

Principles and applications of systems and synthetic
biology:

* To conduct interdisciplinary research (computer
science, biology, engineering, mathematics, and
statistics) concerned with the principles behind
systems and synthetic biology

* To apply this research to challenging real-world
problems, especially in biology, environment,
engineering and health science.

 www.brunel.ac.uk/research/centres/cssb
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