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#&  Post-Genomic Systemic Computational Biology: ‘

One of the major goals is the research into principle of
organization of the gene networks controlling molecular
genetic, biochemical, physiological, morphological, and
other characteristics of organisms and mechanisms of
their operation using the information encoded in the
genomes of these organisms.
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I'enHas ceTh — rPynna reHoB, KOOPAHHUPOBAHHO (PYHKIHOHUPYIOINX NMPH

ﬂ BLINIOJTHEHWH MOJIEKYJIAPHLIX, OHOXMMHUYECKUX, (PHUIUOIOrHUECKUX U APYTHX QpyHKIMI ‘

opraHmMsMa

O0maTebHbIe KOMIIOHEHTHI JII000¥ reHHOM CeTHu:

2. TI'pynma kOOpAMHHUPOBAHHO (PYHKLMOHHUPYIOLIMX M'C¢HOB

3. benku u MPHK, kogupyeMbie STUMHU reHaMHU
(cTpykTypHBIE O€IKH, (PepMEHTHI, TPAHCKPUMLIMOHHBIE (PAKTOPHI H T.JI.)

4. Ilyru mepenayu CUTHAIIOB

5. PerynatopHble KOHTYpBI: OTpHLATENbHbIE U MTOJIOKUTENbHBIE
oOpaTHbIE CBA3H

6. BHemHue CUTHAbI, "TOPMOHBI, META0OJIHTHI U T.J.
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m Baza gannbix GENENET: kiaacchl 3j1IeMEHTAPHLIX CTPYKTYP B COOLITHIA,
3HAYMMBIX A QYHKIMOHHUPOBAHUSA NeHHLIX CeTel
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Baza nannbix GeneNet: npuMepb! 3JIeMEHTAPHBIX CTPYKTYP
M COOBITMI, 3HAYUMBIX JJIA (QYHKUMOHHPOBAHUNA MeHHLIX CeTel
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Ba3a njannbix GeneNet:
dopMannz0BaHHOE ONMUCAHNE YIEMEHTAPHLIX COOLITHI

e ————
Cunrez rema (Heme) m3 nporonopgupuna IX (ProtolX)
M ABYXBajJIeHTHOr o xeie3a (Fet++) mon aelicreuem ¢gepmenta geppoxenarassl (FCH).

~ ID <protein>Hs:FCH”mitochondrion ->>
Fets ProtolX |  <substance>Fe++“mitochondrion,
= <substance>ProtoIX“mitochondrion ->
\\\\\~ ~ <substance>Heme”“mitochondrion
<::> DT 23.6.1999; Podkolodnaya O.A.; created.
AT switch on
FCH |
i & ~ EF direct
- Heme ~ RF Ponka P., 1997
cytoplasm oo
Enzymatic catalysis

ID — unentudukarop (onucaHue) peakiuu: BUJl OpraHu3Ma, Ha3BaHUE U JOKAIU3alus 00BbEKTOB, YHaCTBYIOUIMX B PEAKIIUSX.
DT — nara co3manusi/0OHOBJICHUS ; aBTOP 3alHUCH

AT — xmacc peryiaTopHOro coObITHs (BKIIOUEHHE, BHIKIIIOUEHUE, YCUIICHHE, OCa0IcHHE)

EF — tun peakuuu (npsimasi, He mpsimas )

RF — ucTtounuk napopmaiuu (CChIIKa Ha CTATHIO)
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KoMnbioTepHas TeXHOJOIUA PEROHCTPYRIMM MeHHBIX
cereri B 0aze mannbix GeneNet
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ﬂ‘ Computer technology of the formalized description, reconstruction
and gene network visualization: gene network editor GenEd

#
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Computer technology of the formalized description,
reconstruction and gene network visualization

Subscheme “Jak-Stat signal transduction
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SAJAYA ‘
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CO3IaHNS KOMNbLIOTEPHLIX Oa3
JAHHLIX NTeHHBIX CeTel




M Andopmaunonnoe cogepxkanme da3ni jannbix GeneNet

—

Paspgen HasBaHue reHHOM ceTu NeHoB | BenkoB | CBA3en
JlunudHsbIlU 1. Cholesterol 5 11 34
memabosiusm 2. Leptin (orgaism level) 43 19 89
OHOOKpUHHas 1. Principal cell of CCD 3 15 34
peaynsyus 2. Steroidogenesis (adrenal cortex) 15 39 80

3. Steroidogenesis (sex steroids) 12 41 78
4. Thyroid system 87 43 406
MopghozeHe3s 1. Erythroid differentiation A1 51 98
2. Germination (endosperm) 5 21 25
3. LEA program 13 32 27
4. Seed reserve mobilization (organism level) 6 23 43
5. Storage protein biosynthesis (dicot) 8 21 31
6. Storage protein biosynthesis (monocot) 14 35 33
Omeem 1. Antiviral response 12 51 53
opeaHu3ma Ha | 2. Macrophage activation 37 70 124
eHewHue 1. HSP-70 autoregulation 6 19 37
eo3delicmeusi | 2. Heat Shock Response 37 41 114
3. Thermotolrance 4 40 64
4. Redox-regulation 54 43 120
5. Plant-pathogen 31 34 65
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; e

DeHoMeHONO02UA 2EHHBIX cemell: Kauecmeennvle
ocobennocmu cmpyKkmypro-hyRKyuonanvHou
op2anuzayuu

http://wwwmgs.bionet.nsc.ru/mgs/gnw/genenet/
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M Types of dynamics of processes controlled by gene networks

X X O0ecTeunBAaIOIIIe

Obecneunsaromme CTPEcCOBbIE PEAKIIUH
MIOCTOAHCTBO MapaMeTposB OPraHM3MOB HA H3MEHEHHE

BHYTPCHHEU CPEIIBI YCJIOBUY BHEILHEU CPEbl

X, ‘\A"\N\d\fv\?/\ OpraHu3MOB (rOMEOCTas3) "
0 — —

KonTpomupyromme
nuddepeHInpPOBKY KIETOK U
MoOpQoreHe3 TKaHEe U OPraHoB
(MOHOTOHHBIN CIABUT
apaMeTpoB OT TEKYIIETO
COCTOSIHMS)

KonTtpomupyromme
UKJINYECKHUE TTPOLIECCHI
(ocuWUISIIUS TapaMeTPOB)

Processes determinin X
Processes determining X 9

the value of the output

the value of the output system parameter

system parameter

+ POSITIVE FEEDBACK
- NEGATIVE FEEDBACK
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ﬂ Koabl QyHKIIMOHUPOBAHUS F'CHHBIX CeTel

lMpuHyunuanbHass cxema pe2ysiTmMoOpPHO20 KOHMypa ¢ ompuuyamesibHoU
obpamHoU cesi3bHo

MPOLUECCHI, ONPEOENAIOWME —n
BENW4YUHY BbIXOAQHOI'O X
NAPAMETPA CUCTEMbI

MNONOXUTENBHAA OBEPATHAA CBA3b
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F o Baza pannbix GENENET: ¢pparmenT rennoii cern
audhepeHIMPOBKH M CO3PEBAHNA IPUTPOLUTOR
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N MMonoxuTenbnblie 00paTHLIE CBAZM B INeHHOM ceTH
¢ depeHIMPOBKUA M COZPEBAHUSA IPUTPOUUTA

EPOR
protein

— @
_|_
GATA1 GATAT1
gene protein

EPOR GATA1
gene protein
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Enhancement of the signal of the central regulator according to
the mechanism of positive feedback
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Enhancement of the signal of the central regulator according to
the mechanism of positive feedback
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ﬂ: Koabl QyHKIIMOHUPOBAHUS FCHHBIX CeTel

#

Ilpunyunuanvnas cxema pezyiamopHo20 KOHMYpPa ¢ OMPUUAMEIbHOU
00paAmMHOIL C8A3bI0

MPOUECCHI, ONPEAENAIOWME —r
BEJINYUHY BbIXOOHOIO X
NAPAMETPA CUCTEMbI

OBPATHAA CBA3b
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F Peryasinusi OMOCMHTE3a X0JIeCTEPUHA B KJIEeTKe
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F Peryiasinusi OMOCMHTE3a X0JIeCTEPUHA B KJIETKE

© HIul CO PAH
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3AJTIAYA ‘

© HIul CO PA

KOMNbIOTEPHBLIN aHAJIN3 U
MOAEIMPOBAHNE PEryJaaTOPHbIX
reHeTHYeCKUX CHCTEM




ﬂ Peryisuus OMOCMHTE3a X0JIECTEPUHA B KJIETKE
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ﬂ An example of a gene network described in the GeneNet database

A fragment of a gene network regulating functioning of adipocyte
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&% Graph-theoretical approach
#

Two regulatory circuits in gene network regulating functioning of adipocyte
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s Decomposition of the gene network

The gene network ‘Photomorphogenesis’; Decomposition in accordance with external stimuli
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F Gene networks: interaction of contours with positive and negative
feedbacks '-

IFN-B
gene

IRF-1 a» E

gene IRF-1 IFN-8
protei gene

v

= “erz

IRF-2 gene protei

© HIInl CO PAH 28



JAJJAYA ‘

AJITOPUTMBI U METO/IbI
JIOTHYECKOI'O PABBOPA I'PA®OB
IT'EHHBIX CETEM




OyHKIUOHATbLHbIE IeMEeHThI reHHbIxX ceTeii: MAP-kunazublii nyTh

nepeaavym CUrHajia B retHHyr CeTh KJIECTOYHOIO HUKJIA
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F e ] UnTepdepeHnus reHHbIX CeTek:
Kacna3zHblli KacKajJ B NeHHOM CeTH anonrTo3a
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#% Camooprann3oBaHHAsi KPUTHYHOCTb: IPUMEPHI

© HIInl CO PAH 32



M 3AJIAYA ‘

I'EHHBIE CETU 1 CAMOOPIrAHU30BAHHASA
KPUTUYHOCTD:
TEOPETUYECKMU AHAJIN3Z U

KOMIIBIOTEPHOE MOJAEJIMPOBAHUE




; =

JloxanbHble reHnblie CeTH 00bLeIUHAIOTCH
B II00QJILHYIO FEHHYIO CeTh OPrannu3Ma.
KaxoBbl 3aK0HOMEPHOCTH ee
CTPYKTYPHO-PYHKIMOHAIBLHOM

opranm3anumn?
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ﬂ Hepapxudeckas HHTErPAlAs JIOKAIBHBIX NTeHHLIX CeTel, KOHTPOJIMPYIOIINAX
oTaenbHbie QYHKINH, B [VIO0AILHYIO TeHHYIO CeTh OpraHu3Ma -

[eHHblE CETH, KOHTDONUPYIOLLME BbICILYIO HEBHYIO ‘
ACATENbHOCTb

q

[eHHbIE CeTH DeLienuuu CUTHANOB OKDY:KaloLLeH cheAbl ‘

q

[eHHbIe CeTU IHAOKPVHHOU U HEeNBHOMW CUCTEM

4

[eHHble CeTH CTNEeCCOoBOIo 0TBETa OPraHu3Ma Ha U3MeHeH e CoOCToOAHMA
BHELLHe! cpeabl

q

[eHHble ceTH, oGecneunBalowiue romeocTas thuanonoruueckux napameTnos
opraHu3ma

(

[eHHble ceTy AuthiheneHUMPOBEKX, MoptoreHe3a, pocTa u passuTUd OPraHu3MoB ‘

[eHHblEe CETWU KNEeTOYHOIo UMKNa |

( q

FeHHble CeTH 6a3anbHOI0 KNeTouxoro meraéonuama ‘
[cunHTe3 amuHoKuchoT, Genkos, IHKUT.N)
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F Functional elements of gene networks:

cassette activation and repression of groups of genes

T'ennas cemo I'ennas cemo
pezynauuu pezynauuu
KJ1em 04H 020 YUKJd. KJ1em 04H 020
Penpeccusa zenoes HuKaa.
mpumepHviM Akmueayus
2eH08
Paxmopon OUMEPHBIM
E2F1/DP1/pRB gaxkmopom
E2F1/DP1
I'ennasa cemo I'ennasa cemo
pexynauuu pezynauuu
omeema Ha oupgpepenyupo
menjio6ou woK KU
HSF1 pumpoyuma
GATA1
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F Gene networks: interaction of contours with positive and _
negative feedbacks '

IlonaBjenue AKTUBaAIIUA

pPRb ‘
}Vz F/DP/pRb ‘ /

// -

2FIDP‘\£
© Il CO PAH 37




uHTEPGhEPUPYIOIINX € Helik T'eHHbIX ceTel
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o HnrTepdepennusd reHHbIX CeTel: pacnpocTpanenue Bo30yRaeHusn ‘

no riaodaJbLHONM reHHOM CeTHn

Bo36yxpatowmmn curHan
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rnobansHan 2eHHas cemb
ope2aHu3mMa umeem pakmanbHyIo
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&% ®paxranbHas CTPYKTYpa : HAEATU3UPOBAHHAS BETBb JepeBa
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ﬁ MHoskecTBa MaHAeIb0OPOTA: NOA00HBIC MOBTOPSIOINMECH CTPYKTYPbI
¢ 100aBJICHHMEM HOBBIX U MpPeKIe He MOBTOPABIIMXCH IJIEMEHTOB

Ha npaBoM puCYHKe IPUBEICHO YBeJUYeHUE (PparMeHTAa
MHOKECTBA, OTMECYECHHOI'0 HA JICBOM PHCYHKE KBaJApPaToM.
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o 3AIAYA s

TEOPETUYECKHUMN AHAJIN3 1
KOMIILIOTEPHOE MOJIEJINPOBAHUE
OPAKTAJILHON OPTAHM3ALIMA T'EHHBIX
CETEM
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KoMneoTepHoe MojeiMpoBanue JNHAMUAKHA
GYHKIMOHUPOBAHNS I'eHHBIX CeTel

http://wwwmgs.bionet.nsc.ru/mgs/gnw/gn_model/
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Baza nannbix GENENET: uenTpanbubiii pparment |
M reHHoM ceTy OHOCHHTE3a X0JIECTEPHHA B KIIETKe ‘

(peryisiuus Mo MeXaHu3My OTpHLATEILHOM 00paTHOM CBA3H)

resyldiphospha-te_, squalene
. S \,; — NMpuHuMnuankHan cxema
@ AN PerynAToOpHOro KOHTypa C
mevalonate - oTpULaTeNbLHOW OGpaTHON
CBA3bLIO
X
HMG-CoA-R gene |- +
\ Xo

u(X-X,)

Mpoueccekl, onpeaensaiowme
BENTUUMHY BbIXOAHOTO > X
napameTpa CUCTeMbI

HMG-CoA-S gey

Acetyl CoA
+
Acetoacetyl CoA

OTpuuarenbHan obpaTHan CBA3b

cholesterol
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M

IIpuMepbl ONUCAHUSA JIEMEHTAPHLIX COOLITHI IeHHOM CeTH Peryasauuu
OHOCHHTE3a X0JIECTEPHHA B KIIETKE B paMKax

XUMHUKO-KMHETHYECKOI'0O MOAX0AA

MonomoaeRyaspHas
peaKkuus

Bumoaexryaapuas
peaxuus

Peaxuus

b epMeHTATUBHOIO
cuHTe3a (ypaBHeHue
Muxazauca-MenTen)

© HIul CO PAH

Mewvalonic acid 5-phosphate

L

Mevalonic acid

SREBP1
{Rn,Hs)

\ SREBP1

(Hs)

Presqualene diphosphate

SS
(Hs)

Squalene

f k

A—>B, a=[A],b=][B]

-da/db = db/dt = ka

k
(A+B<= C, a=[AL b= [B], c=[C]
X k,

da/dt = db/dt = -dc/dt = -k ,ab + k c

\

Kk Kk
(A+E <= AE— > B+E,
k2
a= [A], e=[E], e,=[AE], b = [B]

da/dt = -db/dt =-k,e a/(K +a), e=e+e,

o

K, = (k, +k)/k,
N
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A fragment of the system of differential equations
describing cholesterol biosynthesis in a cell

YI)aBHeHI/Ie, OonmuchiBaOIIIECE 0ajaHc BHYTPHUKJICTOYHOI'0O X0JICCTECPUHA

d(“Cholin” ) /dt =

A“KISBin “ ¢ ”’Squalene” } — ,{“KISBestr” o “Cholin”
+  {“KISBhydr” « “Cholestr” ¢ “Hydrolas” /(“KMSBhydr” + “Cholester”’+ “Hydrolas” )} +

+ {1785 «“KISBfiee” « “LDLRLDLI” } +.{“Ksrpcdeg” «“SRP-Chol” } — {“Kutichol” +“Cholin” } +

+ A-“Kinlprot” « “Cholin” e« “SRPprot” + “Kin2prot’ « “SRP-Chol”}

“ACAT” /(“KMSBestr” + “Cholin”+ “ACAT” )} +

IMpouecchl,

BXO/sIIMEe B YyPABHEHUE

1} — cuHTe3 X0JI€CTEpUHA H3
CKBaJIeHA

,1} - cuHTEe3 3(hUpoB
X0JIeCTepHHA

11} — BBICBOOOKAECHME
X0J1eCTepuHa U3 3(PpUpPoB

41} - BBICBOOO K1 eHHE
X0JIeCTepHHA

U3 JIMIIONPOTEHHOB HU3KOM
IVIOTHOCTH

s} — BBICBOOO K EeHME
X0JIeCTEPUHA MPH Aerpagaluu
CTepPOoJI-peryjanupyemMoit
IpoTeassl

«1} — Aerpaganms xoJjiecrepuHa
.1} — cBsAI3bIBaEHMeE X0JIeCTEPUHA

C CTePO.JI-peryJaupyeMou
TNOTE A0 1A

JInHaMn4YecKue nepeMeHHble,
BXO/IsIIIIE B ypABHEHHE
“Cholin“- cellular Cholesterol
»Squalene” — Squalene
“ACAT” - acyl-CoA Cholesterol
acyltransferase

“Cholestr” - Cholesterol ester
“Hydrolas” - Cholesterol ester
hydrolase

“SRPprot” - sterol regulated
protease

“SRP-Chol” — koMI1eKC
X0JIeCTEPUHA C CTEPOJI
peryjupyemMou nporeasoi

“LDLRLDLY

KoHncTanTtsl mpoueccos {}....{}

“KISBin “ — KOHCTAHTA CKOPOCTH CHHTE3A
X0JIeCTeEpPHHA W3 CKBaJIeHa

“KISBestr”, “KMSBestr” — koHCTAHTBLI 000pOTa

1 Muxajiauca-MeHTeH B peakuum d(pupu3anuu
X0J1eCTeHHHA

“KISBhydr”, “KMSBhydr”- xoHcTaHTBbI 060poTa 1
Muxasauca-MeHTeH B peakiuuu ae3pupusanuu
X0JIeCTeHHA

“KISBfree” - KOHCTaHTa CKOPOCTH 0CBO0OKICHUSA
X0JIeCTEPHHA W3 JIMIONMPOTEHHOB HU3KOM IJIOTHOCTH
“Ksrpcdeg” - KOHCTAHTA CKOPOCTH €T pajanuu
komiiekca “SRP-Chol”

“Kutichol” - KOHCTAaHTa CKOPOCTH JAerpagaiun
X0JIeCTepHHA

“KinlIprot” — KOHCTAHTA CKOPOCTH (pOPMHUPOBAHUS
komiiekca “SRP-Chol”

“Kin2prot” — KOHCTAHTa CKOPOCTH pacnajaa

roMiLiekca “SRP-Chol”
© Mllul' COPAH 47



ﬂ DparMeHT cucreMbl JuddhepeHINATBHLIX YPABHEHUN MaTEeMATHYECKON
MOJENH peryasuumn OuocuHTe’a XolecTepuna B KiIeTKe

B d(Cholin)/dt = + {KISBin*Squalene} — {KISBestr*Cholin*ACAT/(KMSBestr + Cholin + ACAT)} +
{KISBhydr*Cholestr*Hydrolas/(KMSBhydr + holester + Hydrolas)} + { 1785*KISBfree* LDLRLDLi} +
{-inlprot*Cholin*SRPprot + Kin2prot*SRP-Chol} + {Ksrpcdeg*SRP-Chol} — {Kutichol * Cholin}

d(LDLR___ )/dt=+ { -KclawI*LDLR___ *LDL____ + Kclaw2*LDLRLDLo}+ {Kfre __r* LDLRin} — {KLDLRdeg *
LDLR !

< dILDL __ )dt= + { -KclawI*LDLR___*LDL ___ + Kclaw2*LDLRLDLo} + { KsynLDL * PLDL ___} — {KutiLDL*
LDL

d(LDLRin)/dt = + {KISBIdIr*LDLRgene*SREBPdim/(KMSBIdlr +LDLRgene + SREBPdim)} — {Kfre __ *LDLRin} +
{Kfree* LDLRLDLi} — {KdegLRin*LDLRin}

\~
KoHCTaHTBI MOHOM QeKYTAPHbIX KISBfree = 1¥%1CS % Esrpedeg = 2.5%10 w Efre = J*¥]0% KELDLRdeg =
pearimii, ¢! 1.93%10°% EsynlDL = 3.32%10% RutiL DL = 3.21*%1 0%, KdegLRin = 1.93*%10%°
K OHCTaHTh]l BHMON Ky ISAPHBIX ¥ Mmonb ! # ¢! ¢!
pearti Kelawl = 3.3%10" Kelaw2 =1 *10°%
KoHcTtaHThI fiepMeHTa THEHBIX KoHCTaHTBI 06opoTa diepMeHTa, ¢! KoHcTaHThl MHXamca, MM/ TT
peariu - =
KISBestr = 1*10"%, KISBhydr = EMSBestr = 6.67%¥10%, KMSBhydr =
1.9%10Y8 EISBldlr = 1¥101 7.a*0 EMSEldlr = 5.5%10%
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OBPATHAS 3AJIAYA T'EHHBIX CETEA

Onpepenenve KOHCTAHT B CHCTEMAaX
nuddepeHnuaNbHbLIX YPaBHEHWI,
ONMCHIBAKIIMX JUHAMMKY NeHHbLIX CeTel
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F Solutions of the Reverse Task for a Gene Network ‘

* The mathematical model of a gene network is
characterized by the set of constants ¢, ...,c, in the

systems of differential equations

* As a rule, experimentally measured values are known only
for the limited number of constants

* The values of the rest constants are determined by
numerical experiments

© HIul’ CO PAH 50



&%  Solutions of the Reverse Task for a Gene Network ‘

Experiment 1 Experiment N

X 2.50 /q\ Xn 250 ]\
I 200 200 \ |
1.50 // \\ 150 \ /4

1.00 / N 100 », >~ °

0.50 // 50
0.00" ' ' 0

0 50 100 150 0 0.5 1.0 1.5

A model ——  experiment

We are searching for such values of ¢, ...,c, constants, which provide maximal

correspondence between calculated and observed dynamic behavior of the gene
network for a large number of experiments
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ﬂ Solutions of the Reverse Task for a Gene Network ‘

Experiment 1 Experiment N

2.50 250
Xl 2.00 /q\ Xn 200 ]\\ A
1.50 // \\ 150 \ /4

1.00 / N 100 \‘/‘

0.50 50

0 T T
0.00 ' '
0 50 100 150 0 0.5 1.0 1.5

A model experiment

Here i is the number of experiment and j(i) is the number of j-th observation in the i-th
experiment. X; exp is the value of the gene network variable measured in the j-th observation of i-

th experiment. X, theor (c,,...,c;) is the same value calculated with the fixed values of c,,...,c;
coefficients

oy i )
F(cl....ck)zZ o | th;’f.jcl"'c") 2

i, j(i) theor(c...c; ) exXp
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ﬂ Solutions of the Reverse Task for a Gene Network:
genetic algorithm

' MUTATIONAL PROCESS |
3

Gene network
with optimal
values of
coefficients c,,...,c,

Optimized functional: W=1/F, where

Initial population
of gene networks: W -is an adaptability of an organism in particular environmental conditions;
not all the constants F — is the measure of deviation of calculated characteristics from the ordered

«eey ¢, are known
cl, 9 ck Ones
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synthesis under macrophage activation

ﬂ GeneNet database: a fragment of the gene network controlling NO ‘

k-3 O INOS (inducible nitric oxide
(Hs M) : synthase), an enzyme
il catalyzing NO synthesis;

L-arginine

IFRE-II
H= Mlm)

GTF"
\ﬂ%
(H=)

GCH
GCHI-p

(Hs) O

L-arginine, substrate;

L- argmlne

CAT2, L-arginine transporter

H4B (tetrahydrobiopterin),
cofactor.

MO

(HS Mm Bn.Ga)
(him Hs Rn)

iNOS H4B
B =

e _
'Staggha Wj \Lerginine\—/»

IRF-1 |
(s el (MmHs) 2

L-Citrulline + NO" + H*
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ﬂ The reverse task for a gene network: experimental data on gene
networks dynamics in the genenet database

General information Data on dynamics
_ Product
Type Protein :
Name_brief IL-12 o | e Units Concentratio gmxfart
Name_full Interleukin-12 Measurement n%
Organism Mouse — mus musculus 0 0 hours 0.0 _
Cells 1 6 hours 30.6 —
StageCellDifferentiation Peritoneal macrophages 2 7 hours 4.6 _
OrganismStatus 3 9 hours 4.0 —
ExpressionDetectionDevice || Terminally differentiated 4 12 hours 2.8 —
5 18 hours 2.7 —
Referenes Norm 6 30 hours 0.2 —
_ . i | 7 30 hours 0.3 —
Bomeneatshacrophages were preifoalEHER RIREAIH'E R the 8 30 hours 1.9 —
indicated periods, then washed wit vﬁliceé,ain 91
stimulated with LPS. C57BL/6J mice
Experimental conditions Extracellular spage
Concentr: .
External Specification g LPS IL-
Factor (initial (exposure /\ 12
point) time)
Escherichia Cytoplasm
1 LPS OB REL 0 6 hours 10 ytoplasm -
Escherichia 12p4 *5
2 LPS coli 055-B5 0 1 hours 100 0
Escherichia
LPS coli O55'B5 1 7 hours 10 ng/mi
Nucleus
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&%  Solutions of the Inverse Task for a Gene Network _
—

70000

soon |4 /A experiment Dynamics of IL-12 p40 subunit production:
= oo [T _®model comparison of calculations with
= ~ experimental data.
£ 40000 ‘
%_ 30000 " T~ =2 Conditions of the experiment: macrophage monolayers were
N treated with medium and LPS (0.1, 1, 10, 100 ng/ml) for 6 h, the
- 20000 time that experimentators had previously demonstrated as
10000 optimal for peak levels of both LPS-induced IL-12p40 and IL-
ol 12p35 mRNA expression. Data are expressed as the mean pg per
0 20 60 80 100 120 ml.
LPS (ng/ml)
1200 . . .
A experiment Dynamics of IL-12 heterodimer production:
_""q ™ model | comparison of calculations with experimental
E h
£ 800 g data.
2
% 600 Conditions of the experiment: macrophage monolayers were
N 400 treated with medium and LPS (0.1, 1, 10, 100 ng/ml) for 6 h, the
4 & time that experimentators had previously demonstrated as optimal
200 : for peak levels of both LPS-induced IL-12p40 and IL-12p35
" mRNA expression. Data are expressed as the mean pg per ml.
O T T T T T
0 20 40 60 80 100 120

LPS (ng/ml)
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OOpaTHas 3a1a4a reHHbIX CeTeli: MPHMeEPLI COOTBETCTBUSA MEXKIY
PAcCUMTAHHLIMH M YKCIEPUMEHTAIBLHO HAlII0AaeMbIMH
XapaKTePUCTHKAMH CHCTEMbI JHMMIHOINO MeTaboimimMa

M

PaBHOBeCHan KpuBan CBA3bLIBaAHUA
nunonporenHa Huskon nnotHoct™ (LDL) c¢
KNEeTOYHOW MeMOpaHOon

Ovramuka ceasbiBaHua LDL ¢
KNeTouHoOW memMmGpaHou nocne
noAaBnNeHUA ero 6uocuHTesa B

opraHuname
s 250 "
g: e °§ 160
0 & 200 B
Q9 S m®Q
2o @ag 12 \
4 E 1’50 ® , : g ‘g pig 100 gr————
a<s . — mogens BRI g o \ . — Mopgenb |
: 3 1,00 . ® 3KCNEepUMeHT | © - 5 80 \ . ® 3KCMEepPUMEHT '
& 2 235 \
@8 050 got ¥
89 ToZ ®
& = o 20 \
82 o00 , ‘ i a 0 , , ,
50 100 150 § 1 3

© HIul CO PAH

LDL e cpene (mkr Genka/mn)
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M

MopenupoBanue OTKJINKA FeHHOM CeTH peryJsiuy CHHTEe3a X0JIeCTePHHA B

KJIETKe Ha yBean4enHoe B 2 pasa nocrymienue JIHII B niazmy KpoBu B

TeYeHMn 8-Mnu yacos

B HOpMeE

[JTHM], wt/06bem kneTku

W/ KneTky

[ce. JTHI peuenTopw]

30

5.0E+05 - 3.2E+04 -
|} 3.1E+04 -
4.0E+05 - J
. 3.0E+04 - M
3.0E+05 - 2.9E+04 -
2.0E+05 - 2.8E+04 -
2.7E+04 -
1.0E+05 -
2.6E+04 -
0.0E+00 ‘ ‘ ‘ ‘ ‘ . 2.5E+04 ‘ ‘ ‘ ‘ ‘ |
0 5 10 15 20 25 30 0 5 10 15 20 25
y
1.0E+13 ¥
5.0E+02 4
B.OE+12 4
4 0E+02
2 DE+02
I:II:IE-'-I:":I T T T T T 1
0 g 10 15 20 25 30

Mackl
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KOMITbIOTEPHOE MOJIEJIMPOBAHHUE
BJINSATHUA MYTALIMA HA ®YHKIIUIO
I'EHHBIX CETEM

http://wwwmgs.bionet.nsc.ru/mgs/gnw/gn_model/
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Baza nannbix GENENET: Mmoaenb reHHOM CeTH JUIMHIHOI0 MeTaboau3Ma

(cTanMoHapHbIe COCTONHHUA M OTBETHAS PeaKIHsl HOPMAJIbHLIX H MYTAHTHBIX KIETOK
Ha moBbimenun cogepxanun JIHII B xporn)

Ha noBepxHOCTL KNEeTKU

. PeuenTopbl
\ nHN

mfln peuentop

PHK

2 * MyTauus

(noHMXXeHHasa CKOpOCTb HapaboTKu

Ha noeBepxHOCTbL KNeTku

nHIT peuenTtop

PHK
%HK k'=k/2
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HzmMmenenne coaepkanus CBOGOHOI0 X0JIeCTePHHA B KJIETKE B 3aBHCHMOCTH
ﬁ OT MYTAIHOHHOI0 H3MEHEHH KOHCTAHT YJIEeMEHTAPHBIX NMPOIECCOB B
reHHol ceTn OHOCHHTE3a X0JIeCTePHHA

210 -
2
180 -
150 - 4
X
120 -
90 O
5
60 -
30
O l 77\ — I I I I I I I — I 1

1 — koncmanma obopoma pepmenma SRP (sterol regulated protease);
2 - koncmanma Muxasnuca-Meumen SRP;

3 — KOHCmanma nPAMON peaKyuu Oumepu3ayuu mpaHcKpUnyuoHHo2o
daxmopa SREBP-1 (sterol regulatory element binding protein);

4 — koncmanma oopammuou peaxyuu oumepusayuu SREBP-1;

5 — koncmanma obpaszosanusn ayemun-KoA;
6 - koncmanma ooopoma pepmenma AXAT — auyun-KoA-xonecmepun-ayunmpancegepasa
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XapaKkTepuMCTHKH NeHOMa YeJI0OBeKa

ATGCCCGGGTTTAATGCGTCAGTGACTGCACA.... .

pa3Mep - 3.3 MUIIHAPAA HYKJIEOTHIAOB

KoJimuecTBO renos - 35000
HUTOreHeTHYECKan KapTa

duznvyeckan KaprTa

—RABLZE
—CHKL ARSA ACH
———S3C02 ECGF1.CPTIB
—BRLMAPK12 MAPK T

- ~PKDREJ.B99,CELSR1
—FBLN1.E46L PPARA
ARHGAPE NUPS0 UPK3
—SULTX3 CG1-51,CGI-56
—PRACSIN2 BIK BZRP

DlA1,AT4GALT ARFGAP

—PRO2455 CYP2D6,CGI-06
—SAEBFZ MAGA, NDUFAS

s PMMA G22P1 NHP2LA
—TEFRTOBZ2 ACOZ
————RBX1,EF300,RANGAF]
—GPR24 PMP34 5T13
——CACMATL GRAPZ ADSL
TAB1 MGATI ATF4

POMGFB,RPLI.SYNGRI
—GTPBP1.HSPCO18,ONALS
— P72, DMC1 CZ20RF?
—CSNKTE KCNJA KDELAS
—PLA2GE MAFF C220RFS
—50% 10, PRKCABR.SLC16AS
GCAT.GALR3.HSPCO2S
—GGATLGALST HIFD
————MENG MSESS LGALS2
—HEPCOZ2 RACZ FSCD4
TSTIL2AB, SSTR
—RAYL MCF4 CEFERB
THMZ, EIF357. CACNGE2
—~RBMI,CG12-1 APOL
—————HMOK 1 MCKMEME
TIP3 LARGE TOM

REFLA FAX07, 5YN3
—YWHAH SLCEAT AFPLE

ZNF?78,DRG AF-T
—SIMTH,AGTALZ L IMK? -

~GETPEST  TONZ
—SF3A1 SEC14L2 HERPC242
———HEPCOS1.MTMAZ,LIE
—PK1 S MNF2
AP1B1.MEFH —
GARZE RAP22
XBP1 EWSA1 \
PITENE. RADSD
———CAYRAL MNT \
—TPET2.CHYEEY N L
CAYBB2 ADREKS
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Jlokajm3anus Mmyranu
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ﬂ FOpMOH JECIITHH: IIYTH IIEPpE€aaYId CUI'HAJI0B U MYTAllUH,
BbI3bIBAOIINC O’KUPCHHUC

-F
. ® W, X
LEPTIN /\/\ @ \

) 4 PROHORMONE \
CONVERTASE 1

w aMSH aMSH)
hypothalamus RECEPTOR \/

+ /

x MUTATIONS
NPY - NEUROPEPTID Y

aMSH - MELANOCORTIN
+ OPIUMMELANOCORTIN
[ AgunounT }4— [ FOOD INTAKE J

Barsh G. et al., Genetics of body-weight regulation, Nature, 2000, N6778
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M 3AJAYA ‘

PazpadoTka TeopeTU4eCKux u
KOMILIOTEPHLIX MOAX0A0B K OLEHKe
BIIMAHUA MyTanuii Ha GYHKINIO NeHHbIX
ceTel
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YIIPABJEHME 'EHHBIMM CETAMM

U
DAPMAKOJIOI'YA TPETBEI'O NMOKOJIEHUA

© HIul CO PAH



s DapMaKoJOrus TPEThEero NOKoJIeHUs

O0n3aTeIbHbIe KOMMOHEHTHI:

* B0o3MOXHOCTh HHAWBHAYAILHOIO FTeHOTHII-CIIELM(UIECKOrO
noabopa ¢apMaLEBTHYECKUX NPENapaToB JjIA KOPPEKLMH

3200JIEBAHUI 4YelIOBEKA.

= Be100p oNTHMaIBHBIX CTpaTeruii KOPPEKLUUH HHIWBHIyaIbHbIX
reHeTH4YeCcKuXx AeeKTOB Ha OCHOBE KOMIILIOTEPHOI'O aHaIN3a
U MOJICIMPOBAHKA ()YHKLUH HAPYIIEHHBIX T€HETHYECKH

KOHTPOJIMPYEMBIX CHCTEM U MPOLIECCOB OpraHM3Ma.
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&% Bazanannnix GENENET: monenmposanie BIHSHHS MyTallHH ‘

HAa JUHAMMKY CMHTEe3a NO MPH aKTHBAUNH Makpodara

NO (1078 unit/cell

0 5 10 15 20 25 30
t (hours)

= MYTaUMA
=  HOpMa

KOMNeHcaTopHoe BNuAHue (BBeAeHUe BewecTBa)
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3AJAYA s

© HIul CO PA

PazpadoTka TeopeTHYECKUX U
KOMNLIOTEPHBLIX NMOAX0A0B K
YIPABJIEHUI0 FTeHHLIMHU CEeTAMM




&% 3agaua ynpaBieHMA reHHBIMH CETAMH

[lycTh dbyHKUIIMOHMpOBaHUE Kakoil-mnbo reHHoit cetu (I'C) onuceiBaeTcsi CUCTEMON 0OBIKHOBEHHBIX TH(pdepeHIIMaAIbHBIX yYpaBHEHUHN
V=f(V,a) (n

, rae V — Bektop coctosinus ['C, a — BEKTOp BHYTPEHHHX [MAPAMETPOB, ONpeAesommx 3Boonuto I'C.

CrannoHapHO€ COCTOSIHUE CUCTEMbI yA0BIeTBOpseT ypaBHeHus M f{(V,a)=0 (2).
[lycTh 3HAUEHUSIM a=a, COOTBETCTBYIOT 3HaueHus: V=V* ., HazoBem 3T0 cocTosiHUE HOpMaJIbHBIM (0a30BBIM).

HopmupoBkoit W = “;, o= aa*, T =,; [TepeBoaum ypaBHeHus (1) u (2) B 6e3pazmepHyro popmy I C(li‘: =To(w,a), ¢(w,a)=0.
[TycTh MHOKECTBO TTapaMETPOB OL PA3OUTO HA TPH TPYNIIHI (3TO pa3OMEHNE 3aBUCHUT OT KOHKPETHOW M3yd4aeMOU CUTYAIIUH):

o,, keK - MHOXECTBO HOMEPOB [aPAMETPOB, 3a1AIOIIMX BO3MYILICHHOE COCTOSHUE (MYTALHIO)

o,, [=L - MHOXECTBO HOMEPOB NAPAMETPOB, UCIIOJIL3YEMbIX B KAUECTBE yIIPABJICHUM

o, - OCTaJIbHBIE MMApaMETPhI, OCTAIOIIMECS 0€3 N3MEHEHH

3agaua

B npoctpanctie coctosinii B3 mocpeacTeom ynpasienus u(r) napamMeTpaMu U3 rpynnsl L mepeBecTs TO4Ky H3
COCTOSTHM S W(’Co) B COCTOSIHUE W(’Ek) npu pyHKIHOHAJBHBLIX OrpaHuYeHusaAX (D ¥ ycJJoOBHM MUHUMYMa GyHKIHOHAJIA F.

dopmajibHas 3aNUCh 3a1a4H:
w(ro ):u(r): w(rk)e B= {wl. w, =1 <AL =1,7n};
y(w,h,u)<0;
(P(Tk): (P(W(Tk)ﬂx’u(rk)) =0;

ult e D,x, © HUIIul’ CO PAH 69



&% Schematical representation of correction of a gene network .‘
functioning on the surface of stable conditions ‘

B - normal condition

A - pathological condition
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@&  The elements of hypothetical gene networks ‘

Protein multimere C@ Genetic element (g) is an eclementary structural unit of
hypothetical gene networks
Functioning of genetic element 1s a process of protein synthesis

protein P ) and utilization

A

T Product (p) is a protein synthesized as a result of genetic
mRNA \/T/\ element functioning
gene
g

Regulatory Relation (o) 1s an elementary process, by
@ means of which one genetic element, g, (regulator), acts
O
f
f

on the other genetic element, g,, thus, increasing or

&
A
\

O decreasing the synthesis rate of the product encoded by
this genetic element.
\/\,\f\ i/\/\
= S~
81 2>
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#8 The exemples of hypothetical gene netwoks

The diagram The structural Graph
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&% Description of hypothetical gene networks dynamics ‘

dp. . Lo
P =0, 10+ B, ) Bop, i=Ln.
dt jEDl'

n is the number of genetic elements (g, =1,...,n)

p. 1s concentration of a protein encoded by 1-th genetic element g,

Dy =iy Bi¥e, %0, 1=1,k |

1s a set of numbers of genetic elements which are regulators of g;;
B, are the constants of the rates of processes decreasing concentration of p, (degradation, transport from

compartment, etc.);
a, B, are coefficients regulating synthesis of the protein p; by regulators p;;

Y,; 18 a measure of non-linear influence of p; on activity g,

In the simplest case, v,, has the sense of dimensionality (measured as the number of subunits) of a molecule-
regulator. In general case, it characterizes the complexity of regulatory process and it may be expressed by not-
integer. From biological viewpoint, every B, a, B ;.. v, 1s not a negative value.
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ﬂ I'mmoreTnyecKkasi reHHasi C€Th, 00Pa30BaAHHAS TpeMs
reHeTH4YeCKUMHU JJIEMEHTAMM ¢ IMUKJIUYECKHUM TUIIOM MHTHOMPOBAHUS |

Juarpamma I'T'C Crpykrypubiii rpadp  TIpemejbHbIl YCTOMYMBBIN MK

Maremarnyeckas MOIE/Ib
dp,/dt=a/(1+p;')-p;
dp,/dt=a/(1+p")-p,
dp;/dt=a/(1+p,")-p;

B.A. JInxomBai, C.. ®aneeB
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ﬂ The element of hgn summarizing 2 lowest bits
of the binary numbers

° e
| >}

Molecular trigger- the
elementary memory cell

0+1=01 1+0=01

O 0+0=00 éﬁ
O @

O
Genetic element |
>_’ Joint repression O O
— Repression
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ﬁ I'MnoreTn4yecKasi reHHasi CeTh, CYMMHUPYIOILAsA 2 JBOMYHbIX
YeTHIPEeXOMTOBBIX YHCJIA |

1010
110

10000

_I_

1+0+1=10

1+1+0=10
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o SAZTAYA ‘

Pa3zpaboTrka TEOPUN KOHCTPYHUPORAHNSA
TUMOTETUYECKMX NeHHBIX CeTel C
3aIaHHLIMHM CBOMCTBAMMY (HanpuMep,
IJIAl CO3TAHNA MCKYCCTBEHHBIX CUCTEM —
CynepnpoayueHToRB)
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o 3AITAYA ‘

PazpaboTka Teopumn
KOHCTPYMPOBAHUA OMOIOrnYeCKuX
KOMNLIOTEPOR
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M 3AJTAYA ‘

Pa3zpaboTka Teopuu CO3AAHUA AHANOINOBLIX
BLIYMCIAUTENbHLIX YCTPONCTR AJIA
YIPaBJICHUA MOJEKYIAPHO-IreHeTHYECKUMHU
npoueccamu, NPOTEeKAIINUMHA B OpranusMe,
HANPUMeE], C HeJbI0 KOPpPeKIUun
NAaTOJOrMYeCKuX COCTOAHM

© HIul’ CO PAH 80



['ennbie ceTu: Teopus
Oezpazmepnnix rpados u
CAMOOPIraHN3YyIIINECcH CHCTEMBI
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PexoHCTpyKINS NeHHbIX CeTEeH Mo
nanubIM Microarray anaain3sa

[Ipumepsl IKCOPECCHOHBIX KPUBBIX
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