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~ Life as we know. (U1EFTiRB AR, RIELLE )

_ Life asitcould be. (UnEFrRem) Ay, RHFEE SO

(WA EITE?  (cell?)

G RHE I B /N T4E 2 (self-production?)
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Size

10 cm
cm
mm

100 m

10 um

100 nm
10 nm
nm

0.1 nm

v
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Human

Mouse

Body sizes

D. melanogaster
C. elegans

Eukaryote

Cell sizes

Bacterium
Mitochondrion

Ribosome
Membrane thickness

Small molecules
Hydrogen bond

© 2010 Wiley-VCH, Weinheim

Klipp - Systems Biology
ISBN: 978-3-527-31874-2  fig-01-01

Wavelengths of

visible light

Molecules

Cell regulation

Molecules

Life

Human

Evolution

E. coli genes

Circadian oscillation

Glycolytic osc. (yeast)
Cell cycle (E.coli)
Gene expression

Metabolism, signaling

LacZ production (RNA)

Translation (AA)
Transcription (nucleotide)

Protein—DNA binding

High-energy
transition state

http://bionumbers.hms.harvard.edu/
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Time

billlion years
million years
year
day

hour
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F s (Open)

55 4% (Complex)

22V (Hierarchical)
AT (Dynamic)

FefEME (Robust)

I:II:II:II:II:II:I

EMNMH (Adaptive)

O

B4k BE /1 (Evolvability)
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[Leut][Bari][iv2]

Regulatory motifs

Information storage ) P

Oltvai & Barabasi, Life’s complexity pyramid, Science 2002
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(a) Biological system (b) Mental model (c) Model scheme
e ° .o.:' e * e : X
‘."'.. « * Activation / Protein X
* o ..E s
® ¢ ¢ —_— Y _—
Protein Y
(d) Process model (e) Dynamical model () Quantitative results
A
0—-X : a; = vg (const.) dr/dt = wvo—kxZ - ¥
e
X—0 : az = Kx * [X] dy/dt = fix—kKyy T L §
0—-Y : a3=fy-[X] IL'(O) = oo §
o
Y—>0 :  ag=ky-[Y] y(0) = yo S
Time

© 2010 Wiley-VCH, Weinheim
Klipp - Systems Biology
ISBN: 978-3-527-31874-2  fig-01-02

F¥I£4% \

HUAZHONG AGRICULTURAL UNIVERSITY



R )R S S

P N
/. .\
1
QO )
1

O 0Pk S PDEUWEFENERE, ZEr. 2TK.
D ((;F‘/Ev” 5 ¢ E;‘F‘g” .
LeV iRy PEBARESex PN T DY
HAEA, FHESRE RGH TR
] «Eﬁﬁ,riv 5 «#Q:});H,riv :
AR, TSR EY IR
ALERAY,  3d R B AR A
O “fgit” 5 “9i50E” - v Rk el fg: 4079 T ORUETRIGE /) .

O ZiE: “— UM SRR, HFELEEFEHK” --- George Box.

W 2 w
&
Vi o N
HUAZHONG AGRICULTURAL UNIVERSITY



A

AJ i S A

(computable models)
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O HERR 7R a2, W A] DLy - Fhe] 5 H B 15 7 .
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O B FJeE (model scope) : A7 RGN FEL T AIRME, RLIZAR,

O AR IE (model statements) : /127 FE, LR, ALK R,

O 24K% (System State) : B, RGHE—ZIPRIE, FH—4 RS ERHUER
Kbk, (BB, HErkSE S KRR AGRESLHRNTEES; IR, 3
AR 25 & R A AR B2

O RGN E, ZHMER: &, MINERL, 28, BN, ¥ BihE
BAA, (ZE. ZHMEBASE, BEMAR, mWitRARD

O #2478 (Model Behavior) : HURTWN. AN A TR R, BAEREH (&
&=, SRMERAMERR) RERBFIT N (Output) , 1EA[E LM A ] fE
FEAERMIIAT N, WUk, INER RGN, A TCIER e RGH N SRR A

O &A% 2% (Model Classification) : Et5EE, e 5L, SilSiEs:,
Al e, R
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O 244 (Steady States) = FRGHPIRASAL & Y HUE AN F-Fil I [8] 17 2022 (IR
;‘S iﬂﬁi%ﬁ?ﬁﬂ@%%#ﬁ% (I TR RPRES) Z— (AAPMA LIRS 2
R AR .

O RGNS ERR B2 —MISR, BN, IV, o e (fast
processes) Kii, &Jj—BE A2 G, BN IREEFHTRES (quasi-
steady state) ; TXT T8 FE R, 7EEEN AIEHERT, 7] LLE RS &,

O e, s, S MeE, aTRUEMEE MERSERE D E R — [
af bR B, ARAS X AR RS I — R B BRI AR

ORE R MEENRT SR, RESKMESX T Mot K1y, FHAH,
R AT DUAERE RS, ST LT L EeAis 5
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O H P35 i ZR e g =, BRI FER —ES, X
RAEA T B FbrdEAL . IRZ “Minimum-information about xxxx”
HIRIR, 2R X S Le 506 sl A AR R B /ME iR 2R . il

MIAME: Minimum information about a microarray experiment.
MIRIAM: Minimum information requested in the annotation of
biochemical models.

/v‘
A

O FEAHRIE = FE R TXMLSZILK, WSBML (Systems
Biology Markup Language) , CellML%%.
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Networks as a universal language

Internet
[Burch & Cheswick]

Disease
Spread

[Krebs]

Protein

Interactions
[Barabasi]

g
Jo—
Food Web

Albert-Laszlé

The'New Science

of Networks

Mo Tvery®ing 4 Conamtnd ) Trwrything [he
ond 'What 1t Meam br Soence. Buovmen
and Everyday Léw

Electronic {7
Circuit  Z=#<

< 4’!

Neural Network
[Cajal]

J%
Social Network
TS



Biomolecular Networks ?

Transcription factor
=I Gene Transcription regulatory network
\ / (DNA-TF interactions)
|

Gene regulatory network

mRNA
1 1 (gene-gene interactions)
O Protein interaction network
Protein Q @ ) . .
l (protein-protein interactions)
Metabolite A+E = AE = B+E Metabolic network

(enzyme-substrate interactions)

Heterogeneous ; ! i 2 Signaling network
components (molecule-molecule interactions)

VS,

Molecules . — Networks

AN
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Degree Distribution
Clustering Analysis
Local Density
Centrality Analysis
Connectivity Analysis
Modularity Analysis

Spectral Analysis

O O O O O O O 0O

Robustness Analysis

Yeast protein interaction network

F¥I£4% \
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[Systems Biology]

Transcriptional
regulatory network

Protein interaction
network

Gene regulatory Functional
network linkage network
Network —— ——
Metabolic Structure
similarity network
R

network
Signaling
Network

Theoretical
/ methodologies
Machine Differential
learning equation

Graph theory Optimization

/—- Computational

problems
Quantitative : Qualltatwe
computation /

\analyms

Querying
Integration

alignment

Statlstl c &
Probabilistic ~ Topological
methods properties

Reconstruction
or prediction

Network Systems Biology

N
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Quantitative Kinetic Models. The TIME

Kinetic models - time dependency
incorporated

— Kinetic behaviour (rate laws) added
to static model

Kinetic constants by fitting to
experimental data

Mathematical model

— Time variation of all concentrations
and fluxes can be simulated

— Model analyses possible:
sensitivity, linear stability,
bifurcation, and asymptotic analysis

@ Mathematical Model Numerical Simulation
Receptor BRI = H[RILI* bRLI-GRI ke [RI] | o 8
w | IRL] = R[RIL]-klRL] g

+ R = IR -k(RT) i O
Kinetic Model (L] i —*:J[RIL]‘»'&?[RLJ i

U = KRN+ kR Sk P

R+l & Rl [ Do - AR 1 % , Y ,
R+ I c} R, l ' R% » lR]-&[RLj-[R[J { 0 2000 ::o:m 5,020 8,000 10,000

Static model
x Bioinformatics, 1999, Vol 15, 749-758,

e



Model Analysis. Dynamics

-Steady State
‘Damped oscillations
‘Triggers

Switches

Oscillation

Coupled Oscillations

Chaos
?7??

cancentration of proteins [uh]

g

0

o0
T

o
T

X

Enzymekingtic reaction

time [min]

— Substrale
-o-- Enzyme
- — - Complex
at
— — Product ‘;u‘u
+ .FF
_..,ﬁa:-"?"
45
LBV |
-
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e Goal

-~ model mesoscale system

— average case behavior
e Three forms

— ODE system

— ODE compartment system
_ PDE (rare!)

e data limited...

o TyPe
= Dp—r —ouppps +
Fo BHp? APDPE

Deterministic Models

—— = (generation) — (consumption
t

lumped cell

= (generation) + (flux in)

—(consumption) — (flux out)

r J

continuous time & space
(MinCDE oscillation)

8h}
@
@)
()
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Cellular Automata

Lattice @~ Neighborhood

if no neighbor .

it >1 neighbor [}

Can be extended to 3D lattice

S
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Petri Nets

"Jﬂ checkpoint.agnes
Net Edi Objct Moduk Sewp Zoom Help
.
1 "' L % i 531 grnent age—
fwase | e | Info | osieme 100%
InfinteSPNe

Al
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arnreal buffer

O=—l®

lambda

lambda = 0..10, Step 1

mu =20
K =10
c =10
r=2

f.=0.01

I Marmal | Timed IAssignmI MNarmal

n-:tt_chectk.e-d staricheck

K "'I
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down
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do_rcheck chack_buf
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Petri Nets

A directed, bipartite graph in which nodes are either
"places” (circles) or "transitions" (rectangles)

A Petri net is marked by placing "tokens" on linked
or connected places

When all the places have a token, the transition
"fires", removing a token from each input place and
adding a token to each place pointed to by the
transition (its output places)

Petri nets are used to model concurrent systems,
particularly network protocols w/o differential egs.

Hybrid petri nets allow modelling of continuous and
discrete phenomena




Hybrid Petri Nets

\ % phage control circuit

Gl /'\,._-d

"N TN

il A N
. — |
B NN |
TN | —
| Nl | TN
. B N
| |
* | SN
3 | —,

Predicted protein expression

A



Cell lllustrator — An HPN with

a GUI www.genomeobject.net

| |

IE l‘: Agana
l‘__:j ’ °‘ ars
- I
8|

2

Py

¥ wi=

o9

409.30{p1] pro-caspased 37 55 pro-caspased 20 32 pro-caspased 65,57 caspases caspase3 B 65 caspased 442
120

Now sold as a product by Gene Networks International - http://www.gene-networks.com



Nationalism in Simulation

Petri Nets — Germany, Japan
Flux-Balance Analysis — USA
Pi Calculus — France

ODE’s and PDE’s — Japan, UK
Agent-Based methods (CA) - Canada

=3




A

Cell: The Unit of Life

Reproduction by cell division

Metabolism, including taking in raw materials, building
cell components, converting energy, molecules and
releasing by-products

Response to external and internal stimuli such as
changes in temperature, pH or levels of nutrients

Growth, development, and maintenance of
homeostasis,...



9 | Successful Models

Yeast Glycolysis  Trypanosoma Brucei

w_ g

EGF Signaling Pathway

Rs
[ENE]

RL—2—=Ri

RL\V <t

. -R2L2—2>R2i

7 CPP_|, 3
: o)
R2-CPP /

Ly

. s

Mulq:r_]e){, ﬂOSh" Bas Teusink Barbara Bakker, Westerhoff and Cé
einricn, ... Cornish-Bowden V‘D

SheGs
RasGDP\$ﬁ \
Ras-ShcGS

13
15
RasGTP
H H CAl 74 | 16 Raf
Chemotaxis, ecoli Yeast Cell Cyc|e Yeast Heat Shock Response rescl 7@73
Biochemical
@ High temperature network Raf"
9 external stimulus /W< -
cell membrane HSP12 MEK MEKP  MEKPP
ml?;n HSP26 N S22
receptor - B o
O : HSP60 i C e © oaer
D HSP78 N2 N 26—
( ) HsP82 .
W Frances Brightman et al
MAP kinase mMRNA SSA2
cascade SSA3

SSA4

\ e
I: @i Heat shock protgffis \&**"
» [Okormes |+ rosponser  Metabolcor 2

physiological changes

Many Contributors

John Tyson et al Many Contributors
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http://www.molbiolcell.org/content/vol11/issue1/images/large/mk0101082002.jpeg
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Man-Made Complexity

fgo

; ié%atchvif
' and }

Intel Pentium 4
42 million transistors

F¥I£4% \
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O #duvlh (o)

Tissues,
cultures

Biochemical
reactions

. ., Proteins,

\ genes...
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FasE 44T (Stability)

X4 (Bifurcation)
£

M5 (Robustness)

© @
= ({ =
Wit (Feedback, +) m Z @

|
A\
o CF#ED 8 (Flux, FBA) Nﬁ@ = \/({
3\ ;

N

Xl
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