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Cellular Processes

} Metabolism and its control

}  Information gathering, interpretation, transmission, replication

Intra-cellular
signaling
replication

transcription

}  defence against invading organisms

}  transport of essential substances, destruction and removal of
toxic ones

} mechanical work
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Modeling Cellular Processes

}  Space Considerations

Signaling
Trans-location

Diffusion

}  Variable choices

Scarce molecules

Genes

} Process Types

ODE, PDE, SDE
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Complex networks

Network type  ldentities Interactions

Genetic up-regulation
Networks Genes down-regulation
Cellular Mol | biochemical
Pathways OIECUIES |eactions
Ecological . energy or
Networks SpECIGS biomass flow
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Systems Biology

The opposite of studying a complex biological system by
over-simplifying and isolating it.
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Systems Biology

The opposite of studying a complex biological system by
over-simplifying and isolating it.

}  Structure of biological systems

} System-wide problems

}  Failure of statistical methods (speci ¢ problems)
}  Existence of universal properties

Very few mathematical tools available...
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Large Amounts of Data

Large amounts of data, made available via recent advancements in
high throughput experimental techniques are waiting to be
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High-throughput Experiments

«— Experimental Conditions —

«— 4000 nges —

|
O

Gene tumed o
Gene tumn

A robotic arrayer deposits thousands of gene segments in
nano-scale drops onto microscope slides which are treated with
uorescent labeled tissue samples. A Laser Scanner reads th e
slide and displays gene expressions on a computer monitor.
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Hierarchical Structure

Molecule Metabolism Cell Tissue Organ Body
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Nature of the Problem

} Very large network of interactions

} Very high in dimension
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Nature of the Problem

} Very large network of interactions

} Very high in dimension
Smallest bacteria has 400 genes.

}  Hierarchical structure

}  Many space/time scales

We still don't know the function of %97 of the DNA In human
genome.
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Complex networks
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Universal Properties

}  Zipf's Law of chemical abundance

C.Furusawa, Phys. Rev. Lett. 90, 088102 (2003)
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}  Zipf's Law of chemical abundance

C.Furusawa, Phys. Rev. Lett. 90, 088102 (2003)

} Molecular Networks: The Top-Down View (scale-free structure)
D.Bray, Science 301, 1864 (2003)

}  Network Motifs: Simple Building Blocks of Complex Networks

R.Milo, S.Shen-Orr, S.ltzkovitz, Science 298, 824 (2002)

} Universality and exibility in gene expression from bacter ia to
human

H.R.Ueda, S.Hayashi, T.Yomo, PNAS 101, 3765 (2004)

University of Georgia Lecture 15 — slide 11



Gene Expression Levels
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Gene Expression Changes
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Analogies from Other Physical Sciences

GAS BEHAVIOR:

Atomic level: individual positions and velocities of atoms
Macroscopic Level: Navier Stokes Equation in terms of averaged
guantities:

density, average velocity, pressure, temperature,...
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Analogies from Other Physical Sciences

GAS BEHAVIOR:

Atomic level: individual positions and velocities of atoms
Macroscopic Level: Navier Stokes Equation in terms of averaged
guantities:

density, average velocity, pressure, temperature,...

Can we do the same in biology?

Molecular level: Individual concentrations of molecules
Macroscopic Level: Terms analogous to pressure, temperature that
can simplify the representation of large biochemical networks
(Ultimate Goal)
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Abundance Distribution Function
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}  Histogram of the state of the system.
} No distinction among molecules.

}  Motivated by real data and other physical sciences.
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Evolution of ADF
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Insensitivity to Initial Conditions
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Other advances

} FBA (ux based analysis)
} Complex Reaction Network Theory (CRNT)
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