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&%  LUenn nexuwm

‘PaccmoTpeTth MatemaTuyeckne MOAEN KOHKPETHLIX FeHHbIX CeTeHn:
- FfeHHaA CeTb, KOHTPONUPYIOLIAA FOMEOCTas xonecTepuHa B knetke (oTpuuatenbHble 06paTHbIE CBA3N)
- FfeHHan ceTb perynaunn auddepeHUMpPoBKN SPUTPOUAHON KNeTKK (NONOXUTENbHBLIE 0OpaTHbIe CBA3K)

‘[locTpoeHne matemaTuyeckux Moaenei, BOSHUKHOBEHWE Pa3nnyHbIX MOAENEen OAHOW W TOW xe
GUONOrMYEeCcKOU CUCTEMDI

‘Mpo6nembl MaTeMaT4eckoro MOAEeNMPOBAHNA FeHHbIX CeTew

‘Bepudpukauns napametpoe matemaT4eckux Moaenen reHHbIx cetei (peweHne obpaTHOM 3aaaydn)

‘MonennpoBaHue AMHaMUKN FeHHbIX CeTel NPy pa3Ho06pa3HbIX BO3AEHCTBUAX HA HUX B HOPME U Npu
Pa3NU4HbIX MyTaUUAX

‘ccnenoBanne «MyTaUWOHHbIX NOPTPETOB» MEHHbIX CETEN

‘MoaenvupoBaHne 1 aHanu3 3BONIOLMN FeHHbIX CeTel

‘MpuMeHeHne maTemaTU4ecknux Moaenen reHHbIX CeTel Ha NpakTUke W ANA UCCNenoBaHuA
(hyHaaMeHTanbHbIX NpoGnem

I HHT 200 T4H



#% TenHan ceTb, KOHTPONMPYIOLAA FOMEOCTA3 XONECTepyHa B

KneTke
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Cholesterol ester

(Hs) cytoplasm

£'1’ .'2, . ~ 35 “ -4, . -5, —»=>-6, o= -

7, —=>-8,—+=>-9, —=-10

1- gene;

2 - active protein;

3 - inactive protein;

4 - multimeric complex;

5 - nonprotein substance;

6 - direct reaction;

7 - indirect reaction;

8 - requlatory event (switch on);
9 - requlatory event (increase);
10 - regulatory event (decrease)

Cells maintain cholesterol concentration
in balance by sensing its level

in the endoplasmic reticulum and
transducing this information into

the expression of multiple homeostatic
genes (Steck T.L. and Lange Y.,

Dev Cell. 2002 Sep;3(3):306-8)

GeneNet Database:
http.//wwwmgs.bionet.nsc.ru/mgs/systems/genenet



#%. [exnan ceTb perynaumv audhepeHUMPOBKN IPUTPOUAHON

Ms, Gy, Mm)

L]
GATATInAct

TALl  EKLF HOXEB2
{Hs m) (M Hs) (Hs)
Ty

CRG I

EkLF

TALT a OER
HSS—'(HS)

" (Hs M ™

PRG I

the receptors of immature erythroid cells
(erythroid stem progenitors of CFUe type)
and stimulates their proliferation, hemoglobin
synthesis, and synthesis of the enzymes
involved in heme biosynthesis, that is,
maturation and differentiation of erythroid
progenitors.

A low partial pressure of venous oxygen
(hypoxia) stimulates erythropoietin synthesis.
The system regulating the erythroid cell
differentiation displays a pronounced
positive feedback. Erythropoietin interaction
with the cellular receptor activates GATA-1
transcription factor, a key requlator of
erythrocyte differentiation. GATA-1
stimulates the syntheses of . and B globins
as well as the heme-synthesizing enzymes.
In addition, GATA-1 activates its own gene
and the gene coding for erythropoietin
receptor (positive feedback).

Hem, a., and B globins form hemoglobin,

the major component of the mature erythrocyte.
GeneNet Datab%ose: "ythrocyt

http.//wwwmgs.bionet.nsc.ru/mgs/systems/genenet



#%. [exnan ceTb perynaumv audhepeHUMPOBKN IPUTPOUAHON

SpUTPONOITUH
l
CuHTe3 rmobuHoB FeM0rn06m-|
npOTOHOpCbVIpVIH reM
TpaHcnAuuMaA ;ALAS
MPHK eALAS CuHTes
peuenTopOB

3H,u,ocoma

BnokupoBaHHaf "@
MPHK eALAS *
Y
\ @ 1 ] l ] /
v ww v v ¥ ® N © P
PeuenTopsbl
b
TpaHcdepuH ® - .‘T o AnoTpaHccepuH
o
3+

Fe
Cucrema perynauuu noctynneHna WoHoB Fe* B SPUTPOUAHYIO KNETKY U KOHTPONUPYOLWan d)YHKLI.VISl Genka

perynupyemoro xene3om IRP (iron regulating protein). eALAS - sputponaHas 5-aMWHONEBYNUHAT CUHTETa3a

I HHT 200 T4H



% OdopmanbHoe ONMCaHKe ANeMEHTapPHbLIX NPOLECCOB B
FeHHbIX CETAX

Diagram  Filker Help

HMG-Cos,

acetyl-Codb

LDl

hlevalonic acid

Mevalonic acid 5-pl
NS

sphate

O

HrGR
(Hs Ca)

HMGLS
(M=)

acetoacetyl-Cos,

reSREBP

LOLR
Hz) [H=)
LDLR#
(Hs)
DLRLDLI
s e
LOLRLDLmM
(Hs)

Cholesteral \‘b Cholesteral este

Bigbo=phomevalonate

O

Hydrolaze
(Hs)

Squalens

———— %

J;);,;ACAIﬁ
e (6
ACAT |
(Hs)
cytoplasm

N

|Warningf Applet Window

Monomolecular reaction:

A—K5B, a=[A],b=[B]
-da/db = db/dt = ka

rEnzymaiic reaction:;
E+S<:k%>ESk—2>E+P,
e=[E], s = [S], e,=[ES], p = [P]
ds/dt = -dp/dt = -k,e s/(K .+ S),
 e.~e te, K,= (k, +Kk)k,

Bimolecular reaction:
A+B <:'::» C,a=[A], b = [B], c=[C]

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



&% ®parmeHT cuctembl AntdepeHUMaNbLHBIX YPaBHEHWN:
MameMamuyeckasi Moodesb 6uocuHmesa X0JieCmepuHa 8 Kiiemke

.

d(Cholin)/dt =

Chol} — {Kutichol * Cholin}

d(LDLR___ )/dt=

+ {KISBin*Squalene} — {KISBestr*Cholin *ACAT/(KMSBestr + Cholin + ACAT)} + {KISBhydr*Cholestr*Hydrolas/(KMSBhydr +
Cholester + Hydrolas)} + { 1785*KISBfree * LDLRLDLI} + {-Kin1prot*Cholin*SRPprot + Kin2prot*SRP-Chol} + {Ksrpcdeg*SRP-

<+{-Kc/aw1*LDLR ‘LDL___ + Kclaw2*LDLRLDLo}+ {Kfre___t* LDLRin} - {KLDLRdeg * LDLR___}

d(LDL __ )idt=

d(LDLRin)/dt =

R ——

+ {KISBldlr*LDLRgene*SREBPdim/(KMSBIdlr +LDLRgene + SREBPdim )}
—{Kfre____t'LDLRin} + {Kfree* LDLRLDLi } - {KdegLRin*LDLRin}

+{-Kclaw"LDLR___*LDL____ + Kclaw2*LDLRLDLo} +{ KsynLDL* PLDL ___ }—{KutiLDL*LDL __}

KoHCTaHThI MOHOMOIEKYNAPHbIX

KISBfree = 1*10-%2, Ksrpcdeg = 2.5*10-%, Kfre____ = 1*10-%, KLDLRdeg = 1.93*10+,

peakumn, ¢! KsynLDL = 3.32*10-%, KutiLDL = 3.21*10 -%, KdegLRin = 1.93*10-%
KoHCTaHTbI GUMOornexynspHbIX n*mMmonk ¢ c’
peakLmit Kclaw1 = 3.3*107 Kclaw2 =1*10-8

KOHCTaHTbI (hepMeHTaTUBHbIX
peakuumn

KoHcTaHThI 06opoTa dhepmeHTa, ¢!

KoHcTaHTbl Muxaanuca, Mmmonb/n

KISBestr= 1*10+%,
KISBhydr = 1.9*10*%,
KISBldlr= 1*10 "

KMSBestr = 6.67 *10-%3,
KMSBhydr = 7.6*107",
KMSBIdlr = 3.3*10-95




&% MaremaTvueckue MOQENYW FreHHON CeTH,
KOHmponupyfou{e& cOMeoCmas3 Xos1iecmepuHa e Kiiemke

“.F'EoAacet
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LOLRin mevaliPP

LDLRLDLI

5

HMGngn

Raulens PrezquFP

¥ by RO, g ProtPh
o RACAT 5 .
2
2

41
41 inProtPh

irHMGR

‘F'KinFE ed

% ' .o
‘F'inAEAT ‘F‘F‘rotF‘h KokinFed

HeydonbHbil 2pagh
KOMNbOMepHoU Modenu
2anso0udHoU 2eHHoll cemu
peaynsiyuu buocuHmesa
xosiecmepuHa 8 Kemke

. - 39 AWHaMU4eCcKux
nepemMeHHbIX

B - 74 npouecca

- y4YacTue B npouecce ¢
HeHyneBOW CTeXMoMeTpuen
- y4YacTue B npouecce ¢
HyNneBOW CTeXuomeTpuen

- KOHCTVITYTVIBHbIﬁ CWUHTE3

-———

- yTUnu3aums, nu6o
BRI Ey napHas peakums

- BuMoneKynapHas peakuus

gl A O DN -

- 0000wWeHHasA peakuus
Muxasanuca-MeHTeH



MaTtemaTvueckme MOAENY reHHON CETH,
KOHmponupyfou{e& cOMeoCmas3 Xos1iecmepuHa e Kiiemke

‘F‘KinF\ ed

u

‘ppTFSF{B2

,’ penzSRF2

InACAT
.‘ppT FSRE1

e
20
Be 15
B ’panzSHF“I
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.‘PProtPh

20

9
e HCS2
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genaFDS1 enzmH Cs1

28

2

GeranyP%sFD 52
g

meval5PP

k=P GelsfDE1 DeraFDST

Ty

‘PEoAacet

Codtiola

DimethPP

HeydonbHbil 2pagh
KOMNbOMepHoU Modenu
dunnoudHol 2eHHOU cemu

peaynsiyuu buocuHmesa
xojiecmepuHa 8 Kiemke

. - 57 AWHaMUYeCKuUX
nepemMeHHbIX

139 npoueccos

- y4YacTue B npouecce ¢
HeHyneBOW CTeXMoMeTpuen
- y4YacTue B npouecce ¢
HyNneBOW CTeXuomeTpuen

- KOHCTVITYTVIBHbIﬁ CWUHTE3

-———

- yTUnu3aums, nu6o
BRI Ey napHas peakums

- BuMoneKynapHas peakuus

gl A O DN -

- 0000wWeHHasA peakuus
Muxasanuca-MeHTeH



&% MaremaTvueckue MOQENYW FreHHON CeTH,
KOHmponupyfou{e& cOMeoCmas3 Xos1iecmepuHa e Kiiemke

Buioenenue pecynamopnoi wacmu HCR gene g preSREBP
1
I 5
Acetyl CoA % \iSl{EBP -‘i\ LDLR
ene
\ +  HCR mRNA g / g
’ &
pre HRKK N--TTTTTTS -~ -/ LDLR mRNA
"~ /// \\\ I s
T N S !, LDLR preACAT
" HMG-CoA \ v,/ S
*, | AY 1 + - - b
\‘ F’ >N \ I ' d +
Mevalonate \ l' r L £
Nl ACAT

HCR «

inHCRK
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&% MaremaTvueckue MOQENYW FreHHON CeTH,
KOHmponupyfouqe& cOMeoCmas3 Xos1iecmepuHa e Kiiemke

HeydonbHbil 2pagh

npoexkmueHol Modeniu 2eHHoU
: cemu peaynsayuu buocuHmesa

XosiecmepuHa 8 Kiemke

&

QPLDL PSREBF1

s @ - 10 AMHaMUYeckux
=' nepeMeHHbIX

B - 21 npouecc

“®eempoot

—  -yvyacTue B npouecce C

HeHyneBOW CTeXMoMeTpuen
---*>  -yyacTue B npoLecce C
HyNneBOW CTeXuomeTpuen

- KOHCTUTYTUBHBIN CUHTE3
- yTUnu3aums, nu6o
BRI Ey napHas peakums

- BuMoneKynapHas peakuus

gl A O DN -

- 0000wWeHHasA peakuus
Muxaanuca-MeHTeH
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&% MaremaTvueckue MOQENYW FreHHON CeTH,
KOHmponupyfou{e& cOMeoCmas3 Xos1iecmepuHa e Kiiemke

HeodHo3HayHOCMB NpomexaHusi Memabonuyeckol 4enoyku
peakyull om naHocmepuHa 00 xosiecmepuHa

fortnation

http.//www.chem.qmul.ac.uk

I HHT 200 T4H



Squalene
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&% MaremaTvueckue MOQENYW FreHHON CeTH,
KOHmponupyfou{e& cOMeoCmas3 Xos1iecmepuHa e Kiiemke

HeydonbHbil 2pah modenu
2E6HHOU cemu ¢ nopmpemHbIM
onucaHuem memabonuyeckux
nymetl cuHme3a xosiecmepuHa

. - 230 ANHaMNYeCKnx
nepemMeHHbIX

B - 431 npouecc

—  -YyvacTue B npoLecce C
HeHyneBOW CTeXMoMeTpuen

---*>  -yyacTue B npoLecce C
HyNneBOW CTeXuomeTpuen




&% MaremaTmyeckan MoOfeNb FreHHON ceTy
peaynsayuu dugghepeHy upoeKu 3pumpoUOHOL Kiiemku

E
vl |nAETIV pistinilake
-
EPOR)ok2

PlnAEITIV

e A’LADgggPBGDgene
".EF'D gene
z '.EF‘DFigene

™ '.HDXBgene
- .TAL‘I gene
B .EKLFgene

FCH gene

“¥TIR gene

PFe_out
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‘F'Apon
I_rﬂ.

YTFHTF

2

PCoészucc

‘PinhFein 2

Pirk_TiR

HeydonbHbil 2pagh
MamemMamuyeckol modenu
2EeHHOU cemu pea2ynsayuu
dughghepeHyuUpPoBKU
3pumpoudHol Knemxu

. - 65 AWHaMUYeCKuUX
nepemMeHHbIX

B - 165 npoueccos

—  -yvyacTue B npouecce C

HeHyneBOW CTeXMoMeTpuen
---*>  -yyacTue B npoLecce C
HyNneBOW CTeXuomeTpuen

- KOHCTVITYTVIBHbIﬁ CWUHTE3
= yTUnun3auus, nuéo

BRI Ey napHas peakums

- BuMoneKynapHas peakuus

gl A O DN -

- 0000wWeHHasA peakuus
Muxasanuca-MeHTeH



&% Mpencrasnenmne reHHLIX ceTel B BUWAE ABYAONLHLIX oprpato.

[pobnembl MogenupoBaHus

N
|l

MeTtoaonornyeckue

MaremaTtuyeckue
(603HuUKarom Ha cmaduu pabombi ¢ Mmodensamu )

(603HUKalOM Ha cmaduu NOCMPOEHUs, pacyema
u adanmauuu modenell)
* uccnedosaHue ycmouliyueocmu

* peuleHue cucmem

OudghghepeHyuanbHbIx ypagHeHul

PeHU P * QhyHKYUOHUPOBAHUA CUCMEM

* MOOGITU 8 OCHOBHOM COCITIOAM eweHue 3a0ay ynpaeneHus

YacmuyHo u3 cucmembt Y u P ynp

duckpemHol yacmu * uccnedosaHue 380MIYUU MOOENUPYeMbIX

, buonozuyeckux cucmem
* peweHue obpamHoli 3a0ayu
*um.Jo.

*um.Jo.
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&% Bepudurauma NapamMeTPOB MaTeMaTHIECKNX MOAENeH
OVUHAMMKN FreHHbIX CeTe!

OcHogHble npobnembl:

* [IpoGenbl B 3HaHUU CTPYKTYPHO-(hYHKLMOHANbHOW OpraHn3aLmMmn HeKOTOPbIX YacTen
reHHbIX ceTe (NOCPeAHNKN, MeXaHU3MbI NPOTEKaHUA NPOLECCoB U T.4.);

» HexBaTKa KOnnM4ecTBEHHbIX AaHHbIX, NPUrOAHLIX ANA aganTaLMu KOHKPETHOM
MOJenu;

* B 6a3ax 4aHHbIX B OCHOBHOM HaKannMBalTCA Ka4eCTBEHHAs onucaTenbHas
UH OpMaLMA (UHopMAaLLST O CMPYKMYPHO-(hyHKULOHaMBHOU Op2aHu3ayuu 2eHHOl cemu,
MeXaHU3MbI PasiiuyHbIX NPOLECCO8, Op2aHU3aUUs peaynsimopHbIX yyacmkos 2eHos u m.o.), a

TaKxe KonnyectBeHHasa UH(hopMaLMA CTaTMYECKOro XapaKTepa (KoHcmaHmb!
hepmeHmamueHbIx peakyull, Maccbl b6eskos, 0MUHbI HykneomudHsix nocrnedosamesnbHocmel U

m.d.);

 PaccpenoTtoyeHne KUHETUYECKMX AaHHbIX B OFPOMHOM KONTMYECTBE Hay4HbIX
NyoGnuKaumn (cnabocmpykmypuposaHHOCMb OaHHbIX);

 [eTeporeHHOCTb JaHHbIX (Habopb! IKcnepuMeHmarbHbIX OUHAMUYECKUX OaHHbIX NOMTY4aomes 8
CB0UX KOHKPEMHBIX YCMOBUSIX, NPU pasHbIX IKCnepUMeHmMarbHbIX 8030eliCmeUsiX 8 pasfiuyHble

MOMEHMb| egeme/-/u um.o. a

I HHT 200 T4H




&% Bepudurauma NapamMeTPOB MaTeMaTHIECKNX MOAENeH
OVUHAMMKN FreHHbIX CeTe!

*KOHCTAHTbI MHOINX (bepMEHTaTVIBHbIX peaKu,Mﬁ AOCTYMHbI B 6asax gaHHbIX

WIT - http.//wvww-unix.mcs.anl.gov/compbio/
BRENDA - http.//brenda.bc.uni-koeln.de/

um.o.

*KOHCTAHTbI MaKpPONPOLECCOB (pensukayus, mpaHcKpunyus, mpaHcasayus u m.o.)
~ 1

Vmpchnﬂuuu 01 CeK

*KOHCTaHTbI, XapakTepuayoLLme B3auMOAeNCTBNE FEHHOMN CETU C ee

KNETOYHBLIM 1 OPraHU3MEHHbIM OKPYKeHUeM

- PaBHOBECHbIE KOHUEHMpauuu;

- BpeMeHa XU3HU unu nosypachada KOMNOHEHMO8 CUCMEMb;

- UHMeaparibHble XapaKmepucmuku;

-m.0.

I HHT 200 T4H



&% Bepudurauma napameTpoB MaTeMaTHYeCKNX MOfenen
OVUHAMMKN FreHHbIX CeTe!

* Marematnyeckana Moaenb reHHOW CEeTU XapaKTepU3yeTca
HabopoM KOHCTaHT k,, ...,k B cucteme audpteperumanbHbix

ypaBHEHUH

* Kax npaBuno, 3KCnepumMeHTasnbHoO U3MepeHHbleé IHaAYeHUA
W3BECTHLI TONbLKO ANA OrPaHUY€HHOro YACna KOHCTaHT

* 3HAYEHUA OCTANbHbLIX KOHCTAHT onpeapenAlwdTCA Ha
OCHOBE YMNCINEHHOIro IKCnepuMmeHTa

I HHT 200 T4H



&% Bepudurauma napameTpoB MaTeMaTHYeCKNX MOfenen
OVUHAMMKN FreHHbIX CeTe!

Obuwan nucpopmauun OuHamuyeckue gaHHble
Type Protein
Name_brief IL-12 . D PointOf Units Concentratio gtandart
Name_full Interleukin-12 Measurement n% rror
Organism Mouse — mus musculus 0 o hours 0.0 _
Cells SN . 1 6 hours 30.6 —
StageCellDifferentiation S IHACIOpTiages 2 7 hours 4.6 _
OrganismStatus Terminally differentiated 3 9 hours 4.0 —
ExpressionDetectionDevice Ellervcierenuaie 4 12 hours 2.8 —
5 18 hours 2.7 —
Reference Norm . 6 30 hours 0.2 —
Relative proteintevelt 7 30 hours 0.3 _
59&@65Fﬁ1acrqpheges were preierRaied Withal.P o 8 130 hours 1.9 _
the indicated periods, then washedyg g3 Sriwice, and
then stimulated with LPS.
Extracellular space
3Kcnepume|-|1'anb|-|ble ycnosua (]
Concentr: LPS IL-12
External e
Specification
Factor (initial  (exposure Value
point) time) Cytoplasm
Escherichia /7 \
1 LPS coli O55:B5 0 6 hours 10 ng/mi E E
2 LPS E;f?)esrg;gg 0 1 hours 100 ng/ml IL-12p40  IL-12p35
Escherichia Nucl
LPS coli O55:B5 1 7 hours 10 ng/ml ucieus
| | I

I HHT 200 T4H



&% Bepudurauma NapamMeTPOB MaTeMaTHIECKNX MOAENeH
AVHAMUWUKU FeHHbIX CETeMWN (380110 UOHHBI anzopumm)

Gene network

with optimal
values of
coefficients
Initial population Optimized functional: W=1/F, where KooK,
USSR CE W — is an adaptability of an organism in particular environmental
LR conditions;
constants Kys..., K. F — is the measure of deviation of calculated characteristics from the
are known

ordered ones

I HHT 200 T4H



&% Bepudurauma napameTpoB MaTeMaTHYeCKNX MOfenen
OVUHAMMKN FreHHbIX CeTe!

Sxcnepument 1 Axcnepument N

Xl 2.50 /n\ < 250 \

2.00 / \ n 200 \ A
1.50 / \ 150
1.00 / — 100 \v/

0.50 50

0.00

T T 0 T T
0 50 100 150 0 0.5 1.0 1.5

A 3kcnepument Mopenb

NpoBOANTCA NOUCK SHAYECHUNW KOHCTAHT k,, ...,km, KOoTOpbie obecneunBsalot

MaKCUManbHOe COOTBEeTCTBYEe MeXay PpaCUUTaHHbIM W HabnopaeMbIM ANHAMUYECKUM
noBeaeHnem reHHoW ceTi AnA GONLILOrO KONUYeCTBa JKCnepuMmeHTos

X7 X!

_ if ij 2 _ ) meop.(ky...Kp)
Flkyoki)= > (X = X sV Flkpky)= Y iy e 5
i,ji) i,j(i) meop.(k,...k,,) aKcr.
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&% Bepudurauma NapamMeTPOB MaTeMaTHIECKNX MOAENeH
MmexHOoJ10eUst NOCMPOEHUs1 CUeHapuee
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&% Bepudurauma NapamMeTPOB MaTeMaTHIECKNX MOAENeH

MmexHOoJ10eUst NOCMPOEeHUs1 CUeHapuee
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&% Bepndmrauma napameTpoB Moaenen reHHO CeTH,
KOHmponupyrouweu 20Meocma3s xosnecmepuHa e Knemke

Ceasbieanue JTHI na nogepxHocmu knemxu

Experiment conditions: Monolayers of cells were
grown in the lipoprotein-deficient serum (LPDS) for 2
days and then were incubated in the medium

— - MOgenb containing the indicated concentration of "?I-LDL at
0.50 37° C. After 5 hr, the amount of '3J-LDL bound to the
® - KCTICPUMEHT cell was measured.

Surface binding of LDL {ngfmg
protein) *0.01

0 20 40 60 80 100 120 140
LDL in medium (mkg proteiniml)

Modaenenue cunmesa peyenmopos JIHIM

— - MOfJEnNb , .
Experiment conditions: Monolayers of cells were

® - SKCMEPUMEHT grown in LPDS for 3 days. On day 4 of cell growth
(zero time). Each dish of nonconfluent cells received
2 ml of growth medium containing 10 pg protein/ml of
unlabeled LDL. At the indicated time, the medium

v s was replaced with 2 ml of medium containing 25 ug

5 3 35 4  Pprotein/ml of ®I-LDL. After incubation at 37° C for 2
hr, the specific heparin releasable >l radioactivity
was determined.

proteinfmg cell protein)

Receptor bound 1251-LDL {ng LDL




&% Bepndmrauma napameTpoB Moaenen reHHO CeTH,
KOHmponupyfouqeﬁ cOMeocmas3 XxosiecmepuHa 8 Kiiemke

Free cholesterol content {nkg/mg

Cholesteryl ester content (mkg/mg

protein)
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LDL in medium {mkg cholesteroliml)
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[Jelicmeue eo3pacmanus KOHUeHmMpayuu
JTHI e cpede Ha codepxarue ce0600H020
xonecmepuHa U e20 3¢hupoe e
HopManbHbIx hubpobnacmax yenoeexa

Experiment conditions: The cells were incubated in
fresh growth medium containing 10% fetal calf
serum. After 3 days, the medium was replaced with
2 ml of fresh growth medium containing 5% human
LPDS. After 24 hr, the medium was replace with 2
ml of fresh growth medium containing 5% human
LPDS and indicated concentration of LDL. After 24
hr, each cell monolayer was washed and harvested
and the sterols content were measured.




&% Bepndmrauma napameTpoB Moaenen reHHON CeTh
peaynsayuu dugghepeHyuposKku 3pumpoUOHOL Kemku

Dynamics of the main componenits on the system requlating the erythroid cell differentiation. By TfRTf are
denoted transferrin receptors bound to transferrin (calculations by a model)

moleculesicell moleculesfcell moleculas/cell
JEHT oo mmmmm e m e B 3et3 T 77T IT T TITTTTTTTTTTTToooTTmmmmmmomomommoes
2 S B ) S {c) TRTS

Te+7 7
on the cell surface

de+b

1 15 a0 a0 a0 th 1 15 30 a0 80 t h 1 15 30 50 80 t h
mature erythrocyte
moleculesicell olecules/cell molecules/cell
I ettt y--- I © ]
___________________________((_j) ___________________ Be+E T-- g T 100 1
I N Il  a,p-globins :
2248 Hemoglobin =~~~ 1§\t ,B-globins
_______________________________________________ B0
et6f------%-0PR
i B e e N e N R T R 1
15 30 &0 B0 th 1 15 a0 &0 B0 th 1 15 30 g0 80 th

beginning of erythropoietin
6)lig‘i":oglobin is actively accumulated starting from the stage of basophilic erythroblast. Hemoglobin and other
components are usually synthesized during G, and the beginning of S phases of DNA synthesis (Kozinets &

Goldberg, 1982). The total (transit) time from proerythroblast to reticulocyte formation is 120 h (5 days). Two fifth
of the overall cell cycle occur during G, and the beginning of S phases (Fedorov, 1976). Thus, the overall

syntheses of internal components in a differentiating erythroid cell require approximately 50 h.



&% Bepndmrauma napameTpoB Moaenen reHHON CeTh
peaynsayuu dugghepeHyuposKku 3pumpoUOHOL Kemku

The number of transferrin receptors on the surface of an immature erythrocyte amounts to approximately 10* to
10° per cell; they are not detected in the progenitor cell (Kuhn, 1994).

The rates of hemoglobin synthesis in the cells at the stages of proerythroblasts and basophilic erythroblasts equal
approximately 0.5 pg/h, that is, about 4.7x10° molecules/h for an average cell with a diameter of 10 pm; at the
stage of reticulocyte, the rate decreases fivefold, that is, to about 10° molecules/h (Kozinets & Goldberg, 1982).
Each erythrocyte contains about 280 million hemoglobin molecules (Fedorov, 1976).

Theoretical numerical calculations according to this model demonstrate the following:

Oscillating synthesis dynamics are typical of heme, o. and B globins, and the components of this molecular
genetic system associated with the IRP control function and involved into Fe ions influx into the erythroid cell
(Figure, b,c,d,e). This is due to the network of negative and positive feedbacks.

No excess of free heme is accumulated in the differentiating erythroid cell (Figure, f). First, it is due to control of
heme biosynthesis by IRP, which binds eALAS mRNA, and eALAS is, in tumn, the enzyme involved in heme
synthesis at the initial stage. Second, the excess of heme has a positive effect on globin biosyntheses (Ponka,
1997). The number of transferrin receptors on the surface of an immature erythrocyte reaches approximately 10¢
per cell, whereas these receptors are initially absent in the progenitor cell (Figure, c).

The rate of hemoglobin synthesis several hours after the beginning of erythropoietin effect equals approximately
5% 10° molecules/h; maximum (8x10°) is observed at 31 hours; in ten hours after the genes are switching off,
approximately 10° molecules/h. Note that after 25 hours, the rate of synthesis demonstrates oscillating dynarmics.
An erythrocyte contains about 280 million molecules of hemoglobin on cessation of its synthesis at 74 hours
(Figure, d).



ﬁ AHanu3 BNNAHKA MYTaI.IHﬁ Ha NreHHYylIo CeTb
| peaynayuu ougghepeHy uposKU 3pumpoudHoll kKremku

10® monekyn Hb/kn
3 —

10094

80%

68%

0 | I | Y
| 25 50 80

Bpewms, gac

CpagHeHue OQuHamuku cuHmesa 2emoznobuda npu HopmansHoMm (1) u MymaHmHbix (2,3) munax cucmemsl
QughghepeHyUposKU IPUMPOUOHOU Knemku (pacyem no Modenu).

2 - mymauus 2eHa EKLF (npexpaueHus cuHmesa mpaHckpunyuoHHo20 ghakmopa EKLF);

3 - mymauus 2eHa GATA-1(cHuxeHue akmusHOCMU mpaHekpunyuoHHo20 thakmopa GATA-1 Ha 30%).

Hb — 2emo2n106uH.

IMo ocu X - epema & vacax, no ocu Y — yucno monekyn Ha knemky (1= 10° monekyn).
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#% AHanw3 BNUAHWA MYTaLUA Ha FeHHYIO CeTb,
KOHmponupnyLueﬁ c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

ModenupoeaHue OMKITUKa eeHHOU ceému Ha yeeJilu4eHHOe 8 4 pa3a nocmynjieHus

e NJjia3My Kposu e

meyYeHuu 8-Mu 4acoe npu Mymauyuu, yMeHblWaroujel ckopocms 3kcnpeccuu 2eHa JIHI peyenmopoe 6 2
pa3sa
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#% AHanw3 BNUAHWA MYTaLUA Ha FeHHYIO CeTb,
KOHmponupnyLueﬁ c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

MOOGHUPOB&HUG OMKITUKa eeHHOU ceému Ha yeeJilu4eHHOe 8 4 pa3a nocmynjieHus

e NnJia3My Kpoeu e

meyeHuu 8-mu 4acoe npu Mymauyuu, noHuxaruwet 8 5 pa3 cnocobHocms peuenmopoe cessbieamb JIHI
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#% AHanw3 BNUAHWA MYTaLUA Ha FeHHYIO CeTb,
KOHmponupnyLueﬁ c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

ModenupoeaHue OMKITUKa eeHHOU ceému Ha yeeJilu4eHHOe 8 4 pa3a nocmynjieHus

e NnJia3My Kpoeu e

meyeHuu 8-mu 4acoe npu Mymauyuu, noHuUXaruwet cnocobHocms peuenmopoe oceoboxdams JIHI e
3HAocomax, npueodsiwel Kk noebiweHHOU dezpadayuu peuenmopa e 10 pa3
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&% AHanu3 MyTauMoOHHOro NOPTPETa FeHHON CeTH,
KOHmponupnyLue& c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

Lnsa 6onee nonHo20 uccnedogaHus nusaHUU Mymauyuti Ha cucmemy, C Uerbio 8bISIBIIEHUS KITIOYEBLIX NPOUEeCCo8 2eHHOU cemu U
aHarnu3a nogedeHus buo102u4ecKol cucmeMbl 8 PasHbIX NAMOoJI02UYECKUX cumyayusix, Heobxo0umo nposodums UccrnedogaHue
Mymauyut no 8cem 38eHbAM 2EHHOU Cemu € pa3Hol CmeneHbko 8bipaxeHHoCcmu.

‘MymauuoHHbIt nopmpem” 2eHHOU cemu — Habop ee cmayuoHapHbIX coCMosHUU U QUHaMUYECKUX
Xapakmepucmuk, NosTy4eHHbIl npu “MymayuoHHOM” 8apbupo8aHUU 8 3a0aHHbIX 2paHulax ckopocmel npomeKaHus
Kaxd020 arieMeHmapHo20 npouecca 2eHHoU cemu.
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Krebsynt

Uccnedosanock enusiHue 0QUHOYHbIX Mymayull pa3HolU UHMeHCUeHOCmU no eceM napamempam modenu. lpoeedeHo ~2000 pacyemos

I HHT 200 T4H



&% AHanu3 MyTauMoOHHOro NOPTPETa FeHHON CeTH,
KOHmponupnyLue& c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

U3meHeHue codepxaHusi ce0600H020 xoiecmepuHa 8 Kiiemke 8 3agucumMocmu om MymauuoHH020
U3MeHeHUs1 KOHCMaHm 3/1eMeHmapHbIX NPoyeccos 8 2eHHol cemu 6uocuHmesa xosecmepuHa

210

180 -
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60 |3
30 -

free cholesterol content,
% relative to the norm

0 - T T T T T T T
-4 -3 -2 -1 0 1 2 3 4

In(Ki under a mutation/Ki in the norm)
(1) KoHcmanma o6opoma ¢pepmeHma SRP;

(2) Koncmanma obpamHol peakyuu dumepusauyuu SREBP1;

(3) Koncmanma Muxaanuca-MeHmeH ¢hepmenma ayemoayemun KoA muonasbl;

(4) KoHcmanma o6opoma hepmeHma AXAT (ayun-KoA: xonecmepuH ayunmpaHcgepa3sa)




&% AHanu3 MyTauMoOHHOro NOPTPETa FeHHON CeTH,
KOHmponupnyLue& c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

leHHasi cemb ¢ YKa3aHuemM yyecmeumesibHoCmu cmayuoHapHO20 CooepXaHuss C80O000H020

Xo0JieCmepuUHa 8 KiiemKe K MymaUyUuoOHHbIM U3MEHeHUsIM napaMempos
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AHanu3 MyTauMoOHHOro NOPTPETa FEHHOW CeTH,
KOHmponupnyLueﬁ c0OMeocmas3 XxosiecmepuHa 8 Kiiemke

Tun mymauuu Honsa npoyeccoe,
. 3ampazueaemasi 0aHHbIM
Xapakmepucmuka MymayuoHHO20 cnekmpa 2eHHoU cemu munom Mymayuu
criabonospexdarouue ~45%
HelimparibHble ~40%

(vii)

Hanuyue Henumumupyrowux cmaduti 8 6UOXUMUYECKUX Nymsx paccmampusaemoli cemu.

Hanu4ue 08yx npoueccos, omeemcmeeHHbIX 3a nosigreHue A0NOHUMESbHbIX KONU4Yecms
xornecmepuHa 8 Kremke: (a) cobcmeeHHb It buocuHme3 xonecmepuHa 8 knemke u (6) ezo
mpaHcnopm U3 nna3mbi Kposu 8 kriemky nocpedcmgom JIHIT peuenmopos.

Bo3moxHoe wyHmuposaHue HeKomopbIx bUOXUMUYECKUX peakyuli 8 nymu buocuHmesa
XxonecmepuHa.

Pezynsayus eHympuKknemo4yHoU KOHUEeHmpayuu xonecmepuHa no MexaHusmy ompuuamesibHoul
obpamHol ces3u.



&% MopenupoBaHve 3BONIOUMN FEHHOW CeTH,
KOHmponupyfouqe& cOMeocCma3 XxosieCmepuHa 8 Kliemke

| MYTALMOHHbIM MPOLIECC |

2 4 . 4

t ' ' AganTupoBaHHas
reHHas ceTb K
B o= N onpegerenHv

yCNoBUAM

UcxopHas Ontumusupyembiii dryrkumonan: W=1)1+F), roe
MONYNSALMSA reHHbIX

ceTei W— I'IpMCI'IOCOﬁﬂeHHOCTb OpraHusma K ornpepgesieHHbIM yCIIOBUAM BHELIHEN

cpeabl;

F - mepa oTknoHepus pa(‘;,jC‘lI/ITblBaeBII(I?IX XapaKTepuCcIUK OT 3afaHHbIX

F(k1....km)= Z X,- XSKCH. n meop.(ky...km ) _2

i
i, (i) meop.(ky.. k., ) X3Kcn.




&% MopenupoBaHve 3BONIOUMN FEHHOW CeTH,
KOHmponupyfouqe& cOMeocCma3 XxosieCmepuHa 8 Kliemke

ModenupoeaHue 360m04uU 2eHHOU cemu npu nepexode U3 HOPMasbLHO
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&% NpnmeHeHne ANHAMWYECKNX KOMNBLIOTEPHLIX MOAGNEH FeHHbIX
ceTen

Application of computer dynamic models of gene networks

Studying and understanding the pathological processes at the cell and organism level (various
diseases, syndromes, inborn and acquired errors, mutations, etc);

The model of gene network regulating The model of gene network regulating erythroid cell
cholesterol biosynthesis in the cell is applicable differentiation is applicable to different kinds of anemia
to: and hypoxia:

* Atherosclerosis; * Dyserythropoietic anemia;

* Coronary heart disease (CHD); « Sierophile anemia;

* Smith-Lemli-Opitz syndrome; * Erythroblastic anemia;

* Mevalonic aciduria; * Asiderotic (iron-deficiency) anemia;

* Desmosterolosis; * and many others;

* CHILD syndrome;

* Different kinds of dysplasia;

Idantification of #:e genetic and biochemical defects and analysis of their effects on functions of gene

networks;

Development of optimal methods for influencing systems for normalizing their functions (e.g. for
medical treatment using therapeutics and so on); and

Invesﬁ' aling basic biological groblemsi such as evolutioni elc.

I HHT 200 T4H




&% NpnmeHeHne ANHAMWYECKNX KOMNBLIOTEPHLIX MOAGNEH FeHHbIX
ceTen

- Mamemamuyeckue U KOMNbLIOMEPHLIe MOOENU 26HHbIX cemell ABNAIMCA He3aMeHUMBIM
UHCMPYMEHMOM ONA aHanu3a (hyHKYUOHUPOBAHUSA CIIOXHbIX GUON02UYECKUX CUCMEM.

*C UX NOMOW|bIO BO3MOXHO NpedcKasblieamb;

- QUHaMUKY MexX Unu UHbIX NPOYECCos 6 paccmampueaemblx cucmemax;

- uccnedosamb MeXaHU3MbI UX NPOMEKaHUS;

- 8bIAGNAMb KNIOYEBbIE 36EHLA 6 26HHbIX CeMAX;

- aHanu3UpoBamb eNUAHUE Pa3NUYHbIX Mymayuli Ha Xueble CUCMeMb;

- um.ao.

*Ocobyio ueHHOCMb pe3ynbmambl UcCnedo8aHuUA MymauUuoHHbLIX CNexmpos
npedcmaenslom Ona ebiaeneHua MuweHel ¢hapMakeno2uyeckoli pe2ynauuu 8 2eHHbIX
cemsax. [lelicmeumenbHo, 8eNuUYUHbI KOHCIMaHm peakyul niobou 2eHHOU cemu mo2ym bbimb
8 pamKax cospemMeHHoU ¢hapMaKono2uy UsMeHeHb! nymem eeedeHus
8bICOKOCNEYUGUYHLIX aKmueamopoe unu UH2ubumopoe, delicmeyioujux Ha
onpedeneHHble 3nemMeHmapHbie cobbImus 8 2eHHbIX CemsaX.

*Ha 3moli ocHoge aHanu3sa eo3delicmeus Pa3nuyHbIX Mymayul U ebIReNEeHUA KNioYeebIx
NpPOYECccos 8 2eHHbIX cemsax Kak 0bbekma pe2ynayuu Mo2ym co3dasamsCca cmpameauu
KoppeKuuu namono2u4eckux COCMOAHUU op2aHu3Ma ¢ y4emom e20 2eHomun-

cneuuﬁuqecxux o0cobeHHocmell.

I HHT 200 T4H




