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New Trends in Life Science in 21™" Century:

Systems Biology
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First Scientific Revolution

Change the View of Life




Philosophy for Biologists in 20t Century: Reductionism
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Classic View of Life: Simple System

Onegene mmmp Oneprotein m=mp One function

III (fig. 51). Although previous bacterial RNase
[T crystal structures revealed a single catalytic
mefal ion in each RNase 1T domain (21), sub-
sequent studies implicated two metal ions in the
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Classic View of Life: Simple System

Research based on linear interaction




Real Picture of Life

Genes of Human
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Real Picture of Life

Signaling Network

Protein Interaction Network
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Human Genome Project

23 Chromosome
(3.3X10%°bp)

Genes: ~ 30, 000

~1.5% for coding protein
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Post-Genome Era
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Novel View of Life in 21" Century: Holism
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Systems Biology View of Life

Black Box
Traditional Biology Input Output
| Simple System
\
I Complex System
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Second Scientific Revolution

Change the View of Life Science



Process of Biological Knowledge Discovery
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Huge amount of Experimental Date
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Complexity of Experimental Date
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Computing capability decide understanding biological complexity
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Life is information: Digital




Information Flow in Biological System
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Computing in Biological System
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Novel View of Life Science in 21t Century

Traditional Biology Era
Life 1s vitalism

Molecular Biology Era

Life 1s machine

Post-Genome Era

Life 1s information




Systems Biology

Integration Science



Integration of All Kinds of Molecules
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Integration of Different Levels
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Integration of Small Science and Big Science

Experimental Biology

(Hypothesis-driven Science)

Protein interaction
Protein structure
Gene expression

Gene mutation

Gene clone

Gene > “Omics”

(Proteim 17 %> 3 n .
(Discovery Science)



Integration of Wet Lab. and Dry Lab.

Wet Laboratory Dry Laboratory
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New Way against Diabetes:

Systems Biology



Diabetes in the World

0 2000 Nature Reviews Drug Discovery, 2005, 4:367
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150 millions diabetes patients / 2000
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2006-12-20, UN decided Nov. 14th of every year “World Diabetes
Day” to be

“United Nations Day”



Answer Question or Solve Question ?

e 4566
3498

2487 I 2517

1970 1975 1980 1985 1990 1995 2000




Challenge One

How to study molecular network



Tradition Way for Analyzing Diabetes

ITS
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Knockout-mice used for diabetes research

Endocrinology (14) Beta cell (9) Signaling (13)
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Tissue-specific knockout insulin receptor

TABLE 1 Summary of phenotypes due to /nsr knockouts

Insr knockout Phenotype

Constitutive Diabetic ketoacidosis

Muscle Dyslipidemia

Muscle/adipose tissue Impaired glucose tolerance

Adipocyte Protection against obesity

Liver Moderate insulin resistance, transient hyperglycemia
p-cell Impaired glucose tolerance

Brown adipose tissue B-cell tailure

Central nervous system  Obesity, sub-fertility

Annu. Rev. Physiol. 2003. 65:313




Diabetes: a disease involving complex network

Insulin Slgna“ng network _Insulin Cytokines (IL-6, leptin, etc.)
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Challenge Two

How to study complexity of systems



Tradition Way for Studying Diseases




Metabolism Is system work

Regulation of glucose homeostasis

Liver Plasma glucose
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Diabetes: dynamic development of systems
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Animal System is different from Human System

Mouse Human

MODY gene knockout MODY gene mutation

Normal Hyperglycemia
PPARy-Pro467Leu mut = PPAR y-Pro467Leu mut

Normal Insulin resistance




Diabetes: Personalized disease

Population Region Percentage
grouping prevalence
Europeans Britain
Germany
Australia (1981)
Anstralia (2002
i United States
Genetic |
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Nature 2003, 423,599




Factors involved in Chinese diabetes population
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Solution against diabetes

Systems Biology



Biological Atlas of Insulin Resistance - BAIR

Biological Atlas of Insulin Resistance — BAIR
Genome variation and environment
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Strategy of diabetes project in China

Type 2 diabetes of Chinese

clinic / population

Scientific
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Genetic — Environment
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Components (Nodes)
Interactions (Links)
e : .

Life Is a statistical complex system rather
than a determined simple system






