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Kaj je sistemska biologija?

—razumevanje dinamike
procesov v bioloskih
sistemih

—>razumevanje
delovanja organizmov

-2 Interdisciplinarnost




Kompleksni procesi — aktivacija makrofagov
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140 proteins, 99 complexes, 44 genes
285 interactions
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Raza et al., 2008, BMC Systems Biology. 2:36-51, 2008
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Pristop sistemske biologije

* Opustimo tarcni pristop = iscemo in
analiziramo le dolocene elemente sistema
(gene, proteine, metabolite...)

* Sistematicna analiza celotnega sistema



Pristop sistemske biologije

- Sistematicen opis elementov sistema
- Odkrivanje funkcije

- Modeliranje sistema

Interdisciplinarnost:
Bioloske in medicinske znanosti +

matematika in racunalnistvo



Omike

microtubules

mitochondrion

centriole

vesicle

cytosol

an
endoplasmic
reticulum

ribosomes

chromatin

nuclear envelope
nuclear pore nucleus

nucleolus

Golgi complex

lysosome

flagellum
plasma membrane

smooth
endoplasmic
reticulum

Term Description

The full complement of genetic information both
Genome : . :

coding and non coding in the organism
Proteome The protein-coding regions of the genome

Transcriptome

The population of mMRNA transcripts in the cell,
weighted by their expression levels

Quantitative description of the physiological dynamics

Fhysiome or functions of the whole organism
The quantitative complement of all the small
Metabolome molecules present in a cell in a specific physiological
state
Qualitative identification of the form and function
Phenome derived from genes, but lacking a quantitative,
integrative definition
The quantitative description of anatomical structure,
biochemical and chemical composition of an intact
Morphome : : T >
organism, including its genome, proteome, cell, tissue
and organ structures
List of interactions between all macromolecules in a
Interactome
cell
Glycome The population of carbohydrate molecules in the cell
SRS The population of gene products that are secreted
from the cell
Ribonome The population of RNA-coding regions of the genome




Metode sistemske biologije

izolacija RNA ———— oona —— WA L R
y/v obratno mikromreza ke :
prepisovanje

hibridizacija Transkriptom

izolacija

proteinov 1 )
roteini locba entifikacija |
./ 2D _ MS g/

elektroforeza

Proteom

izolacija
metabolitov

ekstrakt —— ¥ locba, identifikacija in kvantifikacija—»
GC-MS

Metabolom






Transkriptomika

* |zrazanje genov na nivoju celotnega organizma
* Relacija mRNA — aktivnost proteinov

e Metode

o DN,A'mlkromreze izolacija RNA — sinteza cDNA — hibridizacija na mikromreZo
(microarrays)

— PCR v realnem casu (real-time PCR, gPCR)
— Zaporedna analiza izrazanja genov (serial analysis of gene expression - SAGE)

— Masovno vzporedno sekveniranje podpisa (massive parallel signature
sequencing — MPSS)



DNA-mikromreze

Control sample Treated sample
mRNA mRNA

l Reverse transcription 1

see -4 G

Cy3-dCTP Cy5-dCTP

Hybridization

|

Scanning
Channel Cy3 + Channel Cy5

Image
L processing
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Proteomika

Proteom = vsi proteini organizma

geni < proteini

Bolj realna slika dogajanja v celici kot transkriptom, vendar tezja

karakterizacija
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2D elektroforeza
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2D elektroforeza

* 1. dimenzija:
— Gel s pH gradientom

— Locevanje glede na naboj ‘ *:-*E
* 2. dimenzija (ih  Zhie
— SDS PAGE elektroforeza = :' e
— LocCevanje glede na -} I :
molekulsko maso )

— Barvanje proteinov (srebro, 43
fluorescentna barvila,
protitelesa) = kvantifikacija

.
.




Masna spektrometrija

lightest \

(2) heater to vapourise sample

[

. (3) electron beam ionises charged particle beam
@ sample +
inject
sample heaviest
&~
/ ® magnetic field separates particles
electron based on mass/charge ratio
source

ey particles accelerated into

magnetic field magnet
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Proteomika

* Druge metode
— Proteinske mikromreze

— Dvohibridni sistem kvasovke (yeast
two-hybrid system)

— Povrsinska plazmonska resonanca
- Interakcije

 Uporaba

— Biomarkerji za bolezni
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Metabolomika

Metabolom = majhne (ne-proteinske) molekule razlicne kemijske sestave
geni<proteini<metaboliti

veliko Stevilo, razlicnost = problem identifikacije

Uporaba: markerji bolezni, varnost hrane

izolacija - locevanje,
metabolitov identifikacija kvantifikacija

Lﬁ '“T(TB

GC-MS




LoCevanje in identifikacija metabolitov
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Bioinformatika T

* Velika kolicina podatkov!

* Naloge bioinformatike:

— Shranjevanje podatkov: baze,
odlagalisca

— Kontrola kakovosti

— Statisticna obdelava

— Vizualizacija podatkov

— Modeliranje procesov

— Podatkovno rudarjenje




Orodja za vizualizacijo

izrazanje

genov \
a
B « Oxoglutarate ‘_P |

prisotnost
metabolitov

o kEocitrate

OSSN & Oxalacetate

W 1zt Succinyl-CoA

® Fumarate




Modeliranje procesov

Modeli Modifikacije
bioloskih sistemov

- mehanicni
- statisticni - molekularna genetika
- stohasticni - celicni inzeniring

Analiza podatkov Meritve

- bioinformatika - mikromreze
- baze podatkov - masna spektrometrija
- biostatistika -




Modeliranje procesov

* Premalo eksperimentalnih podatkov in orodij
Za integracijo
* Prokariontski modeli

— Enocelicni, majhen genom, omejene metabolne
kapacitete

* Model cloveskega srca
— Nobel, 1960




Spremljanje izrazanja genov

* Transkriptom:
— Tehnologija DNA mikromrez
— Potrjena s strani FDA



‘Northern’ hibridizacija

Izolacua RNA 2. Elektroforeza
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Princip hibridizacije

fluorescentno barvilo Cy3, Cys
/ y .
$ Mesanica mRNA
A-GUAT
-C-G-T:GTAI-T-A’-G-C- «— - -
- sonde |zbrani geni

nosilec Objektnik



Hybridization

Control sample Treated sample
i |
mRBNA mRNA

L Reverse transcription
4

Cy3-dCTP Cy5-dCTP
- A4 8 Al b 3
..... P cDNA microarray
ot
Hybridization
Scanning

Channel Cy3 + Channel Cy5

Image
l processing
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Princip tehnologije genskih Cipov
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* Priprava Cipov
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Princip tehnologije genskih Cipov

* Priprava Cipov

Optical Fiber Silicon Wafer
= 1 ~ "
strand strand | photo
cladding 4 core resist
hd &

& B_"3
| plasma
. etching
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etch\:‘ *
] O } cleaning

3pum beads
in wells

Illumina multi-sample array formats



Genski Cipi - analiza podatkov
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Genski Cipi - analiza podatkov
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Genski €

neznana vloga

- analiza podatkov
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Pot300 protein z neznano viogo [01/67]
pot239 protein z neznano viogo [02a/67]
pot101 protein z neznano viogo [02ab/67]
pot201 protein z neznano viogo [03abc/67]
Pot037 protein z neznano viogo [04/67]
pot199 protein z neznano viogo [04/67]
pot371 protein z neznano viogo [05/67]
Pot013 protein z neznano viogo [06b/67]
pot287 protein z neznano viogo [07/67]
pot307 protein z neznano viogo [08/67]
pot175 protein z neznano viogo [09/67]
pot153 protein z neznano viogo [10/67]
——— pot113 protein z neznano viogo [11/67]
—®—— pot088 protein z neznano viogo [12/67]
——=—— pot387 protein z neznano vlogo [13ab/67]
—B— p0t061 protein z neznano viogo [14ab/67]
——— pot118 protein z neznano viogo [14ab/67]
——#—— pot072 protein z neznano viogo [14b/67]
——+—— pot391 protein z neznano viogo [15/67]
——@— pot207 protein z neznano viogo [16/67]
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——=—— pot202 protein z neznano viogo [L7abcd/67]

——@— pot305 protein z neznano viogo [18/67]

3,0000

2,0000

1,0000

0,0000 -

-1,0000

-2,0000

=

——— .,’—_zlilf,',j
= 7
— S

o

- pot059 protein z neznano viogo [19/67]
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pot394 protein z neznano viogo 23/67)
——&—— pot046 protein z neznano viogo 24/67]
—®—— pot078 protein z neznano viogo 24/67)
——=—— pot141 protein z neznano viogo [24/67]
POt060 protein z neznano viogo [25/67)
pot291 protein z neznano viogo [25/67]
pot396 protein z neznano viogo [25/67]
POt053 protein z neznano viogo [26/67]
Pot166 protein z neznano viogo [26/67]
Ppot176 protein z neznano viogo [26/67]
pot289 protein z neznano viogo [26/67]
pot333 protein z neznano viogo [27/67]
Pot027 protein z neznano viogo [29/67]
Pot064 protein z neznano viogo [31/67]
———— pot081 protein z neznano viogo [33/67]
——#A—— pot140 protein z neznano viogo [35/67]
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pot 183 protein z neznano viogo [37/67]
pot212 protein z neznano viogo [39/67]
Pot246 protein z neznano viogo [41/67]
——8—— ;01273 protein z neznano viogo [44/67]
——— pot281 protein z neznano viogo [46/67]
——=—— pot296 protein z neznano viogo [48/67]
——B—— pot354 protein z neznano viogo [50/67]
———fi— pot373 protein z neznano viogo [52/67]
——=—— pot390 protein z neznano viogo [54/67]
——B— pot309 protein z neznano viogo [56/67]

Pot326 protein z neznano viogo [01/67]
pot074 protein z neznano viogo [02ab/67]
pot234 protein z neznano viogo [03a/67]
pot083 protein z neznano viogo [03¢/67]
pot125 protein z neznano viogo [04/67]
pot293 protein z neznano viogo [05/67]
pot194 protein z neznano viogo [06ab/67]
pot247 protein z neznano viogo [07/67]
pot254 protein z neznano viogo [08/67]
POt06S5 protein z neznano viogo [09/67]
pot129 protein z neznano viogo [10/67]

——M—— pot025 protein z neznano vlogo [11/67]

——A—— pot173 protein z neznano viogo [11/67]

———— pot128 protein z neznano viogo [12/67]
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—@— pot114 protein z neznano viogo [14ab/67]

—8—— pot235 protein z neznano viogo [14ab/67]

——=—— pot250 protein z neznano viogo [15/67)

—8— p0t034 protein z neznano viogo [16/67]

——— pot075 protein z neznano viogo [17a/67]

——#— pot178 protein z neznano viogo [17abc/67]

—8— pot071 protein z neznano viogo [18/67)

——— pot017 protein z neznano viogo [19/67)

——%—— pot066 protein z neznano viogo [19/67]

———— pot103 protein z neznano viogo [19/67]
pot158 protein z neznano viogo [20/67]
pot057 protein z neznano viogo [21a/67]
pot220 protein z neznano viogo [21ab/67]
pot245 protein z neznano viogo [22/67]
pot243 protein z neznano viogo [23/67]
pot348 protein z neznano viogo [23/67]

—8— $0t031 protein z neznano viogo [24/67)

——A— pot052 protein z neznano viogo [24/67]

———— pot117 protein z neznano viogo [24/67]

———— pot189 protein z neznano viogo [24/67]
pot174 protein z neznano viogo [25/67]
pot318 protein z neznano viogo [25/67]
Pot044 protein z neznano viogo [26/67]
pot135 protein z neznano viogo [26/67]
pot171 protein z neznano viogo [26/67]
pot280 protein z neznano viogo [26/67]
pot345 protein z neznano viogo [26/67]
pot010 protein z neznano viogo [28/67]
Pot045 protein z neznano viogo [30/67]
pot068 protein z neznano viogo [32/67]

——&—— pot124 protein z neznano viogo [34/67]

——%—— pot150 protein z neznano viogo [36/67]

——+—— pot185 protein z neznano viogo [38/67]
pot219 protein z neznano viogo [40/67]
pot270 protein z neznano viogo [43/67]

———— pot276 protein z neznano viogo [45/67]

———— pot295 protein z neznano viogo [47/67]

——+—— pot336 protein z neznano viogo [49/67]

——&— pot355 protein z neznano viogo [51/67]

———— pot378 protein z neznano viogo [53/67]

———— pot398 protein z neznano viogo [55/67]

——4— pot039 protein z neznano vlogo [57/67]




Primeri uporabe
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Primeri uporabe

e za diagnostiko in terapijo
e rak

e proghoza bolezni
e uspesnost terapije



Primeri uporabe
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Current Opinion in Chemical Bislogy

Personalizirano zdravljenje



Uporaba v biotehnologiji

Iskanje novih zdravil
Razvoj novih terapij

— V obeh primerih razumevanje mehanizmov
delovanja

— Predvsem pri multifactorialnih boleznih

Testiranje stranskih uc€inkov zdravil

Izboljsava proizvodnjih procesov



TOXICOGENOMICS - Liver Toxicity
effect of toxics on gene expressions

MICROARRAYS

(sal me}

[

tells which genes are increased/decreased in presence of toxics in rat model




Systems Biology Brings Hope Of Speeding Up Drug Development

28 de Enero de 2009

Almost evermore so often day brings news of an apparent breakthrough against cancer,
infectious diseases, or metabolic conditions coextensive diabetes, but these rarely translate
into effective therapies or drugs, and even if they do clinical development most often takes
well concluded a decade. One dialectics is that medical research is conducted in highly
fragmented batchs focusing on right on pathways or components leading to drugs that bow
out not to exertion properly or to have dangerous side effects after cycles of animal and next
clinical corroborating in humans. that process is expensive and wasteful, resulting from the
fact that at present researchers exiguity tools to assess in advance how candidate drugs
performance opposite the humans whole biological classification. The discipline of systems
biology represents an attempt to unite the medical research community behind a common
approach to understanding and modelling the complex interactions of the human, leading to
more effective and faster drug development.


http://blog.comprarpropecia.com.es/2009/01/systems-biology-brings-hope-of-speeding-up-drug-development/

Sklepi

* Pristop sistemske biologije bo omogocil
resevanje kompleksnih problemov kot sta npr.
rak ali sladkorna bolezen.

* Trenutno je Se premalo podatkov za postavitev
natancnih modelov delovanja celic, tkiy,
organov in organizmov in posledicho uporabe

v medicini
* Vizija Digital Human leta 2050



