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Biological networks

e |Introduction

 Biological Networks
— Protein-Protein Interaction Network
— Signaling Transduction Network
— Metabolic Pathway Network
— Gene Regulatory Network
— Expression Network

 Discussion



http://www.jeffkennedyassociates.com:16080/connections/concept/image.html



Network of actor co-starring in movies




Networks of scientists’ co-authorship of papers

(b)




transportation networks: airlines
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Traits and Phenotypes are Controlled by Molecular Networks
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; Trymg to under's'rand Ilfe without knowledge of blochemlcal

| network would be like trying to understand Shakespeare
Ewufhouf knowledge of Engllsh grammar.
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Network Representation

regulates regulatory interactions
gene A gene B (protein-DNA)
binds B functional complex
gene A gene B is a substrate of A
(protein-protein)
reaction
product :
gene A gene B metabolic pathways
IS a
substrate for
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Representation of Metabolic
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Networks are found in biological systems of
varying scales:

1. Evolutionary tree of life
2. Ecological networks
3. Expression networks
4. Regulatory networks
- genetic control networks of organisms
5. The protein interaction network in cells

6. The metabolic network in cells
... more biological networks



Why Study Networks?

* [t Is Increasingly recognized that complex
systems cannot be described in a
reductionist view.

» Understanding the behavior of such
systems starts with understanding the
topology of the corresponding network.

* Topological information is fundamental in
constructing realistic models for the
function of the network.



Biological Network Model

 Network
— A linked list of interconnected nodes.

— Node
* Protein, peptide, or non-protein biomolecules.

® Edges
" Biological relationships, etc., interactions,

regulations, reactions, transformations, activation,

inhibitions. O
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Proteins in a cell

* There are thousands of different active
proteins in a cell acting as:

— enzymes, catalysors to chemical reactions of
the metabolism

— components of cellular machinery (e.g.
rilbosomes)

— regulators of gene expression

— Certain proteins play specific roles in special
cellular compartments.

— Others move from one compartment to
another as “signals”.



Protein Interactions

* Proteins perform a function as a complex rather as a
single protein.
« Knowing whether two proteins interact can help us
discover unknown proteins’ functions:
— If the function of one protein is known, the
function of its binding partners are likely to be
related- “guilt by association”.

— Thus, having a good method for detecting
Interactions can allow us to use a small
number of proteins with known function to

characterize new proteins.



'Finding Proteins That Interact

One technique, called the yeast two-

hybrid system, relies on bringing into close YPREY"

proximity two halves (@ and b) of a protein
that activates a gene that causes a yeast
cell to turn blue, It is used to determine
which of a pool of unknown “prey” pra-
teins binds to a known “bait” protein.

“BAITY YEAST CELL
PROTEIN I

T Insert OMA encoding a
krewn “bait” protein linked
o DMA for half {2) of the
activator protein

P. Uetz, et al.

PROTEIM

-« -

2 Inzert DMA for the othear half
[b] of the activator protein linked
to DMA encoding random
Yprey” protains

Yeast Two Hybrid

“PREY™

PROTEIMSG DO MNOT
BIMD; CELLS
REMAIN WHITE

"PREY" PROTEIN
BIMDS; CELL
TURMS BLUE

COLOR-CHANGE
GEME "M

3 Lack for color changa,
which indicates "prey”
protein binding te "bait®

Nature, 2000; Ito et al., PNAS, 2001: ...



Yeast Protein Interaction Network
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Database for protein interaction

— HPRD
http://www.hprd.org/

— B1oGRID (physic and genetic interaction)
http://www.thebiogrid.org/

— DIP (experimentally determined)
http://dip.doe-mbi.ucla.edu/dip/Main.cel

-- STRING
https.//string-db.org/



1SystemsBiologyIntroduction.pdf
1SystemsBiologyIntroduction.pdf
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Multiple replicated experiments and sophisticated statistics reveal 497 interactions between 16 HIV proteins (blue) and hundreds of human factors.

Nature (2012), 484: 271.



Signaling Transduction Network

— In biology a signal or biopotential is an
electric quantity (voltage or current or field
strength), caused by chemical reactions of
charged ions.

— refer to any process by which a cell converts
one kind of signal or stimulus into another.

— Another use of the term lies in describing the
transfer of information between and within
cells, as in signal transduction.



Signaling transduction network
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Wnt Signaling pathway in KEGG
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Metabolic Network

— A series of chemical reactions occurring within a
cell, catalyzed by enzymes, resulting in either
the formation of a metabolic product to be used
or stored by the cell, or the initiation of another
metabolic pathway



KEGG Metabolic Pathway
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Metabolic Pathway Example
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Database for metabolic pathway

KEGG

BRENDA

nttp://www.genome.jp/keqgqg/

nttp://biocyc.org/

nttp://www.plantcyc.org/

http.//www.brenda-enzymes.org/

Reactome http://www.reactome.org/

BIGG

http://bigg.ucsd.edu/



http://www.genome.jp/kegg/
http://biocyc.org/
http://www.plantcyc.org/
http://www.brenda-enzymes.org/
http://www.reactome.org/
http://www.reactome.org/

Regulatory Network

« A collection of DNA segments (genes) in a cell which
Interact with each other and with other substances in the

cell, thereby governing the rates at which genes in the
network are transcribed into mRNA.



Regulatory Network

Galactose

!
Galactose - Gal1-F Glu1-F Glucose-6-F
\ Gao .

\ Other
Translation processes
(Gald)~.mRNA  mRNA

@ mRNA
¥

RMNA-processing

factors
DD
Galm @ Gal7 I X

/ Chromatin

RMNA pol Il holoenzyme
General transcription factors

Cytoplasm

Nucleus

TRENDS in Cell Blology




Regulatory Network Resource

RegulonDB http://regulondb.ccg.unam.mx/
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RegulonDB Features

¥ RegulonDRB is the primary database on transcriptional regulation
in Escherichia coli K-12 containing knowledge manually curated
from original scientific publications, complemented with high
throughput datasets and comprehensive computational
predictions.

» Graphic and text-integrated environment with friendly navigation
where reqgulatory information is always at hand.
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Yeastract http://www.yeastract.com/

O | Q‘ MR S WWY yeastract.cnm form regassociations.pnp

2l(e

- [l =Hums BlaE £ Eibee @it bioener bioinfor [ ] C4 Prgj Comput [ ]IRRI journal Links Links fo = BEFE - @RE - g - ODERE
%Zimbra: K (42) x 0y RegulonDB Database x =4 YEASTRACT X | |

"

.
e=2) Yeastract

fi
: N T | ]B8]B
TECNICO LISBOA _.\Hsig\ggcidj cetq bsrg

Contact Us Tutorial Help

= Search Regulatory Associations

SLUICK Searcn G0

Search Regulatory Associations

|Filter Regulations by ”Tra.nscriptinn fa(:turs”l'arget ORF/Genes |

Documented

NEW
Rank genes ) Only DNA binding evidence

Eank by TF

' Only Ezpreszion evidence
Rank by GO

¥ TF acting as activator
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Search for TFs
Search for Genes

'® DN& binding plus expression evidence

'/ DNL binding and expression evidence
Search for Associations

Pattern Natching Potential
|| Conzider PEM/MITOMI-baszed motifs

Search by DNA Motif
Find TF Binding Site(s)

Filter Documented Regulations by envirommental condition:

5
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IOPAC Code Generation
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Retrieve : d -
() Teastract TF list against User target gene list
TF—Consensus List
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Expression Network

0 A network representation of genomic data.
0 Inferred from genomic data, i.e. microarray.

/

Your Input;

B (000512 - Anthranilate/nara-aninobenzoate sunthases component [1

Predicted Functional Associations:
v\ / = (060147 - Anthranilate/nara-aminobenzoate synthases component [
S I (OG0T - Anthranilate phosphoribosyltransferase
\
I "// # D (06013 - [ndole-3-glycerol phosphate sunthase
B (050135 - Phosphoribosylanthranilate isomerase
(000159 - Tryptophan synthase alpha chain
Similarit f B (000133 - Tryptonhan synthaze heta chain
imilari y orgene 2 (000128 - S-enalpyruvylshikinate-3-phosphate synthase
expression B (060169 - Shikinate S-dehydragenase

COGOOEE

B (000119 - Branched-chain anino acid aminotransferase/d-amino-d-tecxycharizmate 1 [L..]

= (000052 - Chorizmate synthase

Score

01,998
0,958
0,930
01,862
0,643
0,791
0,707
0,707
0,555
01,454



Discussion

» Problems
= Network Inference
= Micro Array, Protein Chips, other high throughput assay methods
= Function prediction
» The function of 40-50% of the new proteins is unknown

» Understanding biological function is important for:
— Study of fundamental biological processes

— Drug design
— Genetic engineering
= Functional module detection
» Cluster analysis
» Topological Analysis
= Descriptive and Structural
= Locality Analysis
= Essential Component Analysis
= Dynamics Analysis
= Signal Flow Analysis
= Metabolic Flux Analysis
» Steady State, Response, Fluctuation Analysis
Evolution Analysis

| %i OIP i’acl:t?cl)rll\letworks are very rich networks with very limited, noisy, and incomplete

= Discovering underlying principles is very challenging.



