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Biological networks

* We cannot understand life by simply characterizing its
‘single components’, but considering the interactions and
the relationships between its components: a systemic
approach.

* Biological networks are fundamental tools in the context
of ‘system biology’

* ‘Omics’ data (genomic, trascriptomic proteomic, data) are
used to construct biological networks and graph theory
and machine learning methods are applied to model and
analyze these complex objects.
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A link between two proteins if...

* The proteins interact physically and form
large complexes

* The proteins are enzymes that catalyze
two successive chemical reactions in a
pathway

* One of the proteins regulates the
expression of the other



Intra-cellular Networks

' Cell functioning is based on a large set of
very interconnected relationships between
molecules (DNA, RNA, proteins, metabolites)

' Most cellular activies relies and depend on
the interactions between different molecules

' The fundamental elements in this complex
Interaction networks are proteins




Intra cellular Networks

' Metabolic networks

' Transcriptional regulatory networks

' Signaling networks

' Protein — Protein Interaction networks
(PPI)

' Protein structural networks

I

' They describe the functioning of the cell
at different levels and are interlinked



Metabolic Networks

" Elements of metabolic networks:

' Metabolites: small molecules as glucose or
aminoacids

' Pathways: ordered set of biochemical reactions
that realize a specific biological function.

' Patways steps: Pathways are structured in
steps where a metabolite is transformed into
another metabolite.

" Enzymes (specialized proteins with catalytic
activity) drive each step of each pathway.

Nodes in the network represent metabolites and
possibly also enzymes, edges biochemical reactions



Metabolic Networks

They represent the set of the biochemical
reactions that allow the organisms:

—

—

To renew their energy

To respond to external stimuli

" To grow

To maintain their structure (life is a struggle
against entropy)

To maintian their dynamic equilibrium
(homeostasis)

—

—

—

' In a few words metabolic networks constitute
the basic structure underlying life



Example of Metabolic Network
Glycolysis
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There are larger metabolic networks
(e.g. galactose metabolic networks)

- 1135
L 2 Distrleo-3-denzy-
LLl48 D-galacnnae D-Glmenaliehygle P
- _ ; 2 )
Puredtn engar ancl . 11110 [3alastonc- D-Gaeriga ry Iyolse
ohide sagar meiholism 1.4 lactore
HDF pi Petitnge ahd glucironate
| O il Tk T v
|
| 27109 o ol F
| _D-Galaciazs o-D-halackoze-1F - D-Cilucoas- 1F '
= 1318 L]
o—{371¢] i
[4.12.40]
321708
\ 324123
J2110E
b
EE Dr-Tagatose- 1,602

m—D-D]'u.cns;E 2711 .;.D.Ej_?mﬁrl
|
I
|

32132 O Galartingl o
L 4 .
. FhmolEiz
) Lactoza &'F
ry D-pmo-Inosin] > bt H-hceml.
3214 0 Welhiitol Fructoss ancd narsoss D-galefiapaming-6F
retdnlism
S D-5 orbito]
32145
32182 O Fpumelbnse
o D-Ielanrose: '—."; 25
D-Colectose D-Clocose [-Fructose
32122 O Gualactsy-
- glyrernl a 533106
¥ Clwerl D-elacioea- (P
Talactim] [-Tagatozs
e l.].]ﬂllI 'r‘"[t LLLLE b 2711 ?D—Tugnbosn—ﬁ.?
27168 o L1191

Cralactin 1P



Human metabolic networks
(from Reactome)

| — —
i 3 - i n . 5
f " - -
L] i
¥ ¥t
. %
i 1/
el 11 webid ek
¥ 1 e A "
i
i
I ¥
1 I
. L]
+ + L ]
~ * [
I 1 [ ] s T &
- 4 | [ ] - -
. L
L - - %
L g Lai - - & @
v -
- .
* ") [}
. ® = + — i I
s
4 @ ——p ! - - - -
[ I
+ % *
4 i =
. L] &
§ i —
Wermbmpunad i s
_ toayinge cci o
{
& i >
38
F i 1
L) i
- |
T ]
L
- i L]
> a| " bickerit R e |
] ]
] 3 i
- | ]
' B
| L]
= i 3 [ ]
L S S
- L ]
[ ] L]
B wietis e sl . s L L '
5 I .
¥ v

Xoenchiotes Biodegradation

and Motabodism




Gene Regulation Networks
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' Nodes are genes and transcription factors

" Interactions can be directional or bidirectional
" Interactions can be activation or inhibition

MacArthur et al., PLoS ONE 3: e3086 (2008) 12



Hi-Fi human coexpression network
network = intersection with 2 methods and precision =2 0.60 (r 2 0.77, N = 605)
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Drug-Target Networks

Drugs can be connected to their known protein targets

1052 FDA Approved Drugs

® Metabolism

® Blood

® Cardiovascular
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Fig 3. Visualization of the bipartite drug-target network extracted from DrugBank. Orange . Orgenellee
nodes represent drugs and blue nodes are known biomolecular targets. The network is . = Unknown

made of 1537 nodes (1052 drugs and 485 targets) and 1815 interactions extracted from 2240
research articles.

Ma’ayan et al. Mt Sinai J Med (2007) 74:27 "~

Yildirim et al. Nat Biotechnol. (2007) 25:1110
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Disease Networks
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Goh et al. Proc Natl Acad Sci USA. (2007) 104:8685-90

Each node corresponds to a distinct disorder, colored based on the disorder class. The size
of each node is proportional to the number of genes in the corresponding disorder, and the

link thickness is proportional to the number of genes shared by the disorders connected by
the link.



Protein interaction networks

arge scale (genome wide networks):

roNet (Asthana et al
. Yeast




Sources for interaction data

* Literature: research labs have been conducting small-scale
experiments for many years ...
* Interaction databases:
— MIPS (Munich Information center for Protein Sequences)
— BIND (Biomolecular Network Interaction Database)
— GRID (General Repository for Interaction Datasets)
— DIP (Database of Interacting Proteins)
— STRING (the largest PPI DB)
* High- throughput experiments:
—Y2H (yeast two-hybrid method)
— APMS (affinity purification coupled with mass spectrometry)

Networks from different sources represent different “views” of
the same objects and can be integrated using different
algorithms ...



Networks are inter-linked

Signalling pathway
/ .
STIMULUF Genetic
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Metabolic pathway




Analyzing Protein Networks

* Predict members of a partially known protein
complex/pathway.

* Infer individual genes’ functions on the basis of
linked neighbors.

* Find strongly connected components, clusters
to reveal unknown complexes.

* Find the best interaction path between a source
and a target gene.



* Drug repositioning

* Given a collection of molecules

‘d s

Find a r“laé)aningful way to @bress a similarity bentv&&a)n them (i.e.
binary profiles indicating the presence/absence of substructures
used as proxy for the computation of a global similarity score

between each pair of molecules).

=O—ry o= The most similar nodes
—Q (')/(drugs) are candidates for

Nodes: drugs —O0—0O the development of novel
Edges: similarity Q anticonvulsant drugs
bet-

ween drugs © ©_°. Seed node, a marketed

drug (i.e. anticonvulsant)



Automated Function Prediction

Given a collection of proteins.
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Nature Reviews | Neuroscience

between each pair of proteins).

The most similar nodes

l_(-> 72 . .
O 40 & (proteins) are candidates
(O for the association to the

functional term associated
to the seeds
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term (i.e. Gene Ontology)




Disease gene prioritization

Disorder class

@ Bone

@ Cancer

@ Cardiovascular
@ Connective tissue
@ Dermatological
@ Developmental
(O Ear, nose, throat
(O Endocrine

(O Gastrointestinal
@ Hematological
© Immunological
@ Metabolic

@ Muscular

@ Neurological

@ Nutritional

@ Ophthamological
@ Psychiatric

@® Renal

© Respiratory

@ Skeletal

@ multiple

© Unclassified

Goh K et al. PNAS 2007;104:8685-
8690



Disease gene prioritization

* Having a set V of genes, a subset VC of genes are
“a priori” known to be associated to a given disease
C

* Can we rank genes in the set V| VC with respect to
their likelihood of being associated to C?




