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CHCTEM B3aMeH U30JITUPOBAHHBIX
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OnpepaeneHus
_is System,

Perha Bo03MoOikHO yIMBUTEIABHO, HO  ti0n Of
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‘ Systems OHO0JI0THH, ¢ KOTOPBIM ObI ree upon

COrJIACHJIOCH OOJILIIMHCTBO eIle
HE CO3peJIo

Ruedi Aebersold
Institute for Systems Biology,
Seattle




Biomedical Informatics:
Synthesis of Knowledge at all Levels

R

Public Health
Informatics : J

Medical Patient

Informatics

- Genome
dicd _< Tissue, Orgi) Epidemiology

Imaging and
Tissue/Cellular
Informatics

Bioinformatics

,? Wos0:2000 - http://bioinfomed.iscii%@




A Snapshot of the Science of
| Computational Biology

Embrace the Meso Scale
ook for Ensembles of
Weak Interactions
«“Computing at the Speed of
Thought” in support of
Hypothesis testing
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Information storage Processing Execution

Brian D. Athey




Cuctema u Cnocobur ee aHanNusa...

Stnumonorusa: synthithemi, rped. ‘Cobupams emecme’

OnpegneneHue: (Ludwig von Bertalanffy, 1901-1972):
Cucrtema — CyLWHOCTb, NoaaepkmBatoLlasi CBoe
CyLLleCTBOBaHMEe bnarogapsa B3aMMOOEUCTBUIO CBOUX

YacTeu.

System .




Mopenb Kak MetToa uccnenosaHus

System Insight
Models
"...Simplified description ° Relevantv(ymecmbm,
of a system, to assist noAxoAALmMK,

CYLLEeCTBEHHbIN)

calcqla_tlons’ and ¢ Representative (TMNUYHLIN,
predictions. XapaKTEPHLIA)

Oxford Concise Dicti I
e reneRe P Reproducible (socnponszoanmiii



CNNOXHOCTb BUONOIMMYECKUX CNCTEM

MHoroyposHesas nepapxus:
MOJIEKYJIbI, KS1IETKU, TKAHW,
OpraH, opraHusm, nonynaums...

Pa3sHonopaaKkosbIe
NPOCTPAHCTBEHHO-BpeMeHHbIe
LKAbI

NHTerpauma npoueccos
pasHoobpasHou
PU3NYECKOU NPUPOALI

OTKpbITbIE,
HepaBHOBeCHbIE
CUCTEMBI




# Genes to organisms
W\

Genes mRNA Proteins Cell LIESTE Organ Clinical

Lipids structure structure structure medicine
Carbohydrates -function -function -function

2
- -
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Physiome Project

Genome/Transcriptome/Metabolome/Proteome

20,000 __ 60,000+ __ 200+ cell __ 4tissue _ 12organ __ 1
genes proteins types types systems body

Hunter, PJ and Borg, TK. Integration from proteins to organs: The Physiome Project.
Nature Reviews Molec & Cell Biol. 4:237-243, 2003



The Challenge: spatial and temporal scales

Space » 1m person
10° ° 1 mm electrical length scale of cardiac tissue
e 1um cardiac sarcomere spacing e
e 1nm pore diameter in @ membrane protein
Time ¢ 10°s (70 yrs) human lifetime
1015 ° 106s (10 days) protein turnover
e 103s (1 hour) digest food
e 1s heart beat
e 1ms ion channel HH gating
e 1us Brownian motion
The diversity of experimental models
e bacterial models structural biology
e murine models functional genomics
e large animal models physiology : e
e human clinical MRI, CT, etc 20
Requires a hierarchy of inter-related models -
e ol i S

(continuum models)




. MATEMATUYECKOE
MOAOEJINPOBAHWE

Co30aHue mooerieu. Nepapxuu mooerieu
om cybmorneKyrspHo20 00
HaorornynayuoOHHO20 YPOB8HS.
KayecmeeHHoe u Kornu4ecmeeHHoe
uccriedosaHue mooerieu.



Il. BUOMHPOPMATUKA

[ eHOMUKa. TpaHCKpunmoMuKa.
[lbomeomuka. MemaboriomMmuka.
[lpobrnemMmbl uHMeprpemauuu
aKcriepumMeHmaribHbIX OaHHbIX.
Pa3pabomka aneopummos. ba3bl OaHHbIX.
Co30aHue rpoepaMMHbIX pa3pabomok.



lll. BBIMUCJIUTEJIbHBIE WU
NMHOOPMALIMOHHDbIE
TEXHOJIOI' I

MemoobI cbopa, obpabomku u nnepeoayu
OaHHbIX OJi rofly4deHuUs UHgopmMauuu Ho8020
Kadecmea O COCmosiHUU obbekma, ripouecca
usnu seneHus. YucrneHHblie Memoobl 0bpabomku
aKcriepumMeHmarsbHbIX 0aHHbIX. Pacrio3HasaHue
obpas3os. Knacmepu3sauus. OpaaHu3ayus
rnaparnernbHbix ebiqucrieHuu. OpaaHu3ayus
pacrnpeoerieHHbIX 8bl4UCIeHUU.
BbiqucniumernbHblie mexHosroauu 8 obrnacmu
MOJIEKYNAapHOo20 ou3auHa, gpapmaKkorioauu u
buomexHorsioauu.



OucumnnuHsl maTemaTudeckou buonorum

MaTtemaTuveckaa reHeTuka

TTonynaunoHHas auHamuka

MaTtemaTuyeckasa skonorus

MatemaTuyeckas UMMYHOSIOrUS

MatemaTtuyeckas annaemmonorms

Matematuyeckaa pusnonorms

MatemaTtuyeckaa monekynapHo-krnetTo4YHas buonorus




INTERDISCIPLINARY APPLIED MATHEMATICS

IVIE AT BHEERN BRI RCEA i BEF O 2O G Y

Mathematical
Physiology

James Keener
James Sneyd

MatemaTuueckas
Pusmonorus

- KONYeCcTBeHHOoe
onucaHue
PU3NONOTUYECKUX
npoueccos u
cucTem



Computational Physiology
& the Physiome Project

Peter Hunter

i —

— —

... Bioengineering Institute .
University of Auckland, NZ -

Talk at the STEP#1 Conference, Brussels, 2006
www.europhysiome.org



The focus for the IUPS Physiome Project is
the development of:

1. XML-based Markup Languages (MLs)

2. Application Programming Interfaces (APIs)
3. Software tools based on the MLs

4. Databases of models that are ML compliant



Physiome MLs, tools & databases

Organism (7) Circulatory system
Respiratory system
Musculo-skelefal system
Skin (integument)
Digestive system
OrganSystem(6) g‘;:calli:rvs;:semsystem
888 ssssssssnssssnnnnas Lymph()ldeStem
Male reproductive system
Female reproductive system
Special sense organs

Mauscle tissue
Nerve tissue
Conmnecfive tissue

SwissProt : Molecule (2)
Prosite vl

Vel ¢ oSBT
S e
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Visualisation tools

sourceforge.net/projects/cmiss & www.cmiss.org




Educational tools
(explaining ECGs In terms of ionic currents)




Cardiome Project

Tissue Structure Heart Anatomy

|\,

Drug DiSCOVery
Clinical

ellular properties

Rob MacLeod, CVRT/BE/SCII
Peter Hunter, Auckland University



Biochemical Network Models

Binding Reactions

— Receptor-ligand | 4 R——=IR d[LR] =k [L]R]-k,[LR]

— Complex formation “ [ ] - ST

— Inhibition diL| d|R o -
Transformation at - ot elERI-k LI&]
— Enzymatic conversion .

- Degradation [E]+[SJ=—=|ES}——[E]+[P]
— Michaelis-Menten Enzyme )

Reaction scheme d[ES]

k[ETS]- (k. +k; ) ES]

— Quasi-equilibrium assumption

(kq, k4 >> k,) preferable to k S|
quasi-steady state assumption Ky = k_—1 V =V Kk +IS
(8] >> [E] + [ES]) : o +[S]
Compartmentation Complexation coefficient
— Organelles and subspaces e=t. Jt [X]croct
— Scaffolds and complexes _ ef:e[g(] GIplx elective

Conservgtlon rglatlons Gs,, = Gs + L.BAR:Gs + B,AR:Gs
— Algebraic equations, e.g.




3D Microstructural Modeling of
Cardiac Tissue

Craig S. Henriquez
10 Sarah F. Roberts

Department of Biomedical Engineering and Computer
Science, Duke University

i



Channel Densities
Conductance
Time Constants/Kinetics

Cell Signaling
lonic Integration
Metabolism

Cell to Cell Coupling

Cell Size

Action potential Heterogeneity
Fibrosis

Arrhythmia

Genetic Mutations

Drug Binding
B APD
T Rate Dependence
Ca £ :
5B lon Concentrations
Na’

Propagation
and Impulse Formation

Macroscopic Organization
Specialized Tissue
Location Dependent Props
Autonomic Effects
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Heterogeneous Membrane Elements

e.g. localization of Na
channels near larger
interstitial spaces

e.g. integration of
skeletal cells




Full Circle: Whole Heart to Single Cell
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Imaging
Organ
Structure
at
Para-Cellu
lar

Resolution
Voxel size

25 um (x/y/z




Imaging
Organ
Structure
at

Para-Cellu
lar

Resolution
Voxel size

25 um (x/y/z)




Imaging Structure: Cell to Organ

Pixel resolution 1 um (x/y




Co-Registration with Sub-Cellular Detail




Organ Data-Sets with Sub-Cellular Detail

MRI Stack Segmentation Virtual Heart and Tissue Models

Multimodal
Registration

N Rabbit Ventricles
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Vascularization N

Specialized Conduction
System (Purkinje, etc.)

(=]

Conn. Tissue

Myocardium

Fiber Orientations

Segmented Datastacks

Fiber Tracking

HISTO Stack Segmentation U




Histo-Anatomical Models

Mesh and
Model
Generation




Development of Matching ‘Wet’ Tools

Carbon fiber mount Carbon fiber
(stiff glass pipette) (1.20 mm)
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