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Integrating omics data—- modelling cdlular pracesses

Cells are coplexentites conprised d organizedintegratecbiochemicd pathways
Advancesn recent échnadogies ardbegiming to gererate tle datad helpus
unraveltheir arganization anddynamcs

s

Listsof Reldive Interections  Organization of | ocalization ~ Dynanics
gene and abundace of ~ beween biochemical of proteins of proteins
gene transcrips/ protans pahways in the cell in the cell

produds protans

Nea for compuational simulatiorns




Cdls ae nd homogenotsly mxed flud filled bags

Compartmentalization

In additionto intracellular
conmpatmentssuch as nucleus, ER,
golgi etc. Thecytosol may be further
subdvided into compartments by
cytokeletl elements vhich can
impactthefreediffusion d proteins

Molecular Crowding

Up to 40% of thetotal volume is
physically ocaupied by maciomolecules.
Crowding canreducetherateof
diffusion byfactorsup t© 10. It can aso
affect thestabilisaton of more conpact
structuressuch agprotan conplexesand
therr ability to peform coordinated
functions.




Cell++ . A temporal spatal madelling tool

A flexible 3D modelling ervironment, written in C++, for simulating cellular
processe— 4 main elements:

16 ST e " Small moleaule diffusion
. . ¥ ATP, C&tetc.
¥ Cubic3D lattice . .
. . __ ____ ¥ Concentrationsdefinedat
¥ Lattice siesuserdefined . :
(membranénucleus &.) sEenlEliiessiE
' ¥ Basedon Euler method
Bt s ¥ At eachtime step, a % of
L J }’d\v | molecules nove to ajacent
- Sites

Largemolecue Mo_lecular irtel_rad:ions
v TE e Slgnaltransdugton, O
_ enzyme catalysis, N
¥ Protens transportes @ @
¥ Based on ¥ Simulation speific rules " 4

¥ Deterministc _
(metabolsm) P =f (distance (e ,0"))

¥ Probabilistic (signal
transducton)

Brownianmotion
¥ Off latticerandam
walks




Modelling metalwlic pathways Glycolysis

Phogho- Phogho- Enolasg Pyruvate

glycerate glycerate kinase

kinase mutase
1, 3 bisphospho- 3 phospho- 2 phospho- phosphcend- pyruv ate
glycerate glycerate glycerate pyruv ate (ImM final)

¥ 500 nmculac lattice

¥ Four enzyme species (100
of each)

¥ Five metabdites

¥ Parametersbtained with
reference tditerature(K .,

V. diffusion coefficiens)

¥ Differentlocalization

corditions




Spatiallocalisatian can resulin meabolic channeling

| The diferentlocalesof ; Thelow equilibrium
@®| theorargeand green @ coficiert of theblue
E enzynes eallt in % E enzyne reslitsin a
O accunulation ofgreen | o| Slower rezction ar
_ substate | 7_ accunulation ofblue
] N ] and puple substraes

Phogho- Phogho- Enolase Pyruvate

glycerate glycerate kinase

kinase mutase
1, 3 bisphospho- 3 phospho- 2 phospho- phosphcend- pyruv ate
glycerate glycerate glycerate pyruv ate (ImM final)

Co-localizingendase @ with phosohoglycerae mutase @ allows the rapid

removal of 2 phogohoglycerae O and poduction of phosph@nolpyruvateO
ensuing the reacdion proceeds raiply from left to right



Future dredions: Spaial localizaion & a mans of

controllng metabolidlux

Enzyme

Q E=HO O

Subgrate

Dependnhg uponthe localization
of a key erzyme (e.g through
binding to anotler pgotein), a cell
may be able to raplly switch its
metabdism betwea pathways




