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XYPAAHI'YW

Yupacnan

®dusunk, xumu, GuonormnH Tepen OypuAH HeneennuiH ynmaac acunH OHX
roMTaar. AHX-MAH raMTiviAr 3cUH XyBaargnblH Wanrax uaryyosg unpyynaH sacax
30XULYYNIbIH MeXaHnamMTan. JHaxXyy Mmexanuamg P53, MDMZ2 yypryyn dyxan yypar
rynyaTtrax 6ereeg AHX-UAH ramMTnnnr 3aceBapriax MeH 3CUWH XyBaargarn Typ 30rcox,
3C nporpamuynaracaH yxang opox acaxuir wminaaar. OHX ramtantan yen P53 (P53,
tumor suppressor), MDMZ2 (Mouse Double Minute) yypryyablH xapunuaH
YANYNanuiiH 3oxuuyynra angargsan xasgap yycaar.

P53, MDMZ2 yypryyabiH nabopaTopblH TYPWWNTbIH CyAanraaHyyn ux XUAraak
Danraa 6onoe4 3areapynanblH cyganraaHbl axwun xoBop 6avHa. JlabopaTopbiH
TYPLUMNT Hb XOPBHre XyY, Lar xyrauaa ux waapaaar. XapuH sareapunanaap XepeHre
Xy4, uar xyrauaa 6ara sapuyynaxbiH 33paruaa yypryyablH XapunuaH yWnyunanuiiH
noruk yangaa xonboo, XxamTbiH a)unnaraar UNapxununax, MexaHnamelr Tannbapnax

33par DONOMXTOMN.

3opunro
AHX ramTantan yeunH P53, MDMZ2 yypryyabiH xapunuaH YANYNanumr
CTOXaCTUK 3areapynanbiH apraap cygamk, 30XuUyynrbilH MexaHu3mbIr Tannbapnax
30pUINTbIH XYP33Ha
- Ypean asargax B0NoMXWAH TArWKUTranunr ou4vmx, 6o0ox

- Gillespie-H anroputmaap ko 6u4mMx 3o0punTyyablr Guenyynnas.

CypanraaHbl XaparnaraaxyyH

JykapuoT ac Hb AyHmkaap 10-100 MKM  XamxXaaTaW,  Bypxyynaap
TycraapnaracaH 6eemTain, Tycram yypar Oyxui OfnoH 3pXTIHUIPYYATIN. 3C Hb YAMbIH
M3433M3N0 60MOH YYPruH HUWANIDKUNTUWMH mMagaannuar aryynax [OHX-3ac ragHa
ONOH TEPNWIH yypar, (bepMeHT, TIKIANUNH BoANC, NOHYYObIT aryyrnHa.

P53 yypar Hb xaBmap papaHryinardy yypar Gerees 3acuMAH ambApanbir
Wwnanar Jyxan soxuuyynard yypar tom. MDMZ2 yypar He P53 yypruiiH 3apgpansir
APUUMNKYYITK, 3C A3Xb P53 yypruiH TeBLUMHI TOrTBopToW Oara Gawmnragar. XapuH
OHX ramTaxag aH3 3oxuuyynra apragar banHa. Bepeep xanban MDM?2 yypar P53

YYpruiH TeBlwuHr Bara Gawnnrax soxuuyynra anpargaHa. OHX-g ramtan yycaxag



MDMZ2 yyprunH 3agpan wuxacgar 6awHa. YyHun ayHa MDMZ2 yyprH TeBLUMH

baracHa. WHracHasp P53 yypruiH TeBLUWH Hamargax ynmaap MDMZ yypruiH

TPaHCKPUMNUUIAT MA3IBXKYYNaH MDM2 yypruiiH TeBLUMHT HaMargyynHa. ©epeep

xanban [OHX-g ramtan yycaxag P53, MDMZ2 yypryydblH XxapunuaH YWn4nan

eepynerpner banHa.

CynanraaHbl apra 3ym

YpBanyyablH ypBan ssargax OGonoMXWMAH  Tarwutranyyg OGonoH  ypeanbiH
TorTMonyyabIr 6ycaa 3arsapunanbsiH cydanraaHbl axun A33p YHA3CN3H Macc
YANYAaNUAH Xyynuar awmrnad ypean Ttyc oyp gaap buums.

MonekynyyabIH TOOHBI @HXHbI YTTbIF HAraap aenaa.

Gillespie-uiH anroputmaap Fortran 95, Matlab 2010, Mathematica 7 nporpamg

KOO BUYMXK, CUMYNSALM XUIB.

Yp AyH

P53 yyprunH Huinankux 6onoH 3agpax, P53 yypar MDMZ2 yypartain xon6orgox
P53/MDMZ2 xoc yycax ©onoH canax, P53/MDM2 xoc P53 6GonoH MDM2
YYPryyaobIr HUANADKYYNax, mdma2-uiH TpaHckpunuu 6onoH 3agpax, MDMZ2-nin
TpaHcnaun, MDMZ2 yypar 3agpax ypBanyypn siBarfaHa rax y3asag ypsan seargax
Bonomx (propensity)-uiH TarwmnTranyyguiar 6uumx 6oanos. bogontooc P53 yypar
HUANAPKUX ypBan seargax ©onomk 1000, P53 yypar MDMZ yypartan
xon6orpoon P53/MDMZ2 xoc yycax ypsan ssargax 6onomxk 5000, P53/MDM?2 xoc
P53 yypruiar HUANankyynax ypean seargax 6onomx 0.2, P53/MDMZ2 xoc P53,
MDMZ 6ornx canax ypsan sisargax 6ornomxk 7200, P53/MDMZ2 xoc MDMZ yypruaar
HUAN3NKYYNax ypean aeargax 6onomxk 11, mdm2, MPHX TpaHckpunuu sieargax
6onomx 0.03, P53 yypar 3agpax ypsan siBargax donomx 0.1, MDMZ2 tpaHcnsum
agargax bonomx 1.4, mdmz2, mPHX 3agpax 6onomx 0.6, MDMZ2 yypar 3agpax
ypBan ssargax bonomx 0.2 6annaa.

mdm2, P53, MDMZ2, P53/MDMZ2 xocblH MoneKyrnblH TOO 60510H TOBMOCOH apBaH
ypBanaacaa TenesuiH eepunenTtuiid 4x10 xamxaaTan maTpul, 6airyynas.
Gillespie-H anroputmaap Fortran 95, Matlab 2010 nporpamyygaa kog ©uumk
cumynaum  xumB. Cumynsumac rapcaH TooH yTryyaaap Mathematica 7
nporpamaap P53, MDM2, mdm2, P53/MDMZ2 XxOCblH MOMNEKYMblH TOOHbI

eepunenTtunH rpacuk bauryynas. pacukaac xapsan P53 yypruiH MonekyrbiH



TOO oruom eceepn byypax arwumHg MDM2 yypryynoblH MonekynblH TOO eceef,
anryyp byypd 6annaa. mdm2 6onoH P53/MDMZ2 xocbiH monekynsliH Too P53

YYPrUNH MOMNEKYIbIH TOO MXC3X 3rinHa oruom eceeq byypy bavnaa.

OyrHanTt

1. OHX ramtantanm yewnH P53, MDMZ2 yypryyablH XapunuaH YANYnanvnH
CTOXacTUK 3areap xumx, P53, MDMZ2 yypryyablH XxapurnuaH yrununang oponuox
apBaH ypBanbir TOBMOX, ypBan Tyc OypuiH ypBan saBargax ©HonoMxkuinH
TArwnTranyyanir 6uunx 6oaoe.

2. mdm2, P53, MDM2, P53/MDMZ2 XOCblH MOnekynblH TOO, TOBMOCOH apBaH
ypBanaacaa TeneBUAH eepuYnenTuinH 4x10 xamkasTan matpuy BarryyncaH.

Gillespie-H anroputmaap Kog 6uumx cuMynsaum XvMmne.

Tynxyyp yr
AOHX ramtan, P53, MDMZ2 yypryyOblH xapunuaH yuWnynan, ypean seargax

bonomx, Gillespie-H anroputm



ABSTRACT

Background

DNA damages can have physical, chemical and biological causes. There is
the DNA damage repairing mechanisms that are revealed on checkpoints during the
cell division. P53, MDMZ proteins interactions play a vital role in the repairing
mechanisms: the cellular senescence, cell-cycle arrest and the apoptosis. If there is
a DNA damage, the P53 (P53, tumor suppressor), MDM2 (MDMZ2, Mouse Double
Minute) proteins regulation fails and develops a cancer.

The P53, MDMZ2 proteins laboratory trials are conducted very well, however, the
studies on modeling are rare. The lab studies require a lot wealth and time. The
modeling study can properly expose the proteins interactions and mechanisms

logically even it costs cheaper and saves the time.

Purpose

We purposed to study the P53-MDM2 interaction stochastic modeling and its
expland of the regulation mechanisms when DNA is damaged. In this framework we:
- Figured out and calculated the reactions propensities

- Wrote the code according to the Gillespie algorithm

Materials

Eukaryote is any organism that have nucleus and other special function
organelles enclosed with membranes. lis size is typically 10-100 mkm in diameter.
This cell contains genetic and protein synthesis materials as well as other many
proteins, ferment, nutrition and ions. The P53 protein is a cancer suppressor and
regulates the cell cycle. The MDMZ intensifies the P53, and stabilizes the cell P53
level. However the regulation reverses when there occurs a DNA damages. It means
that the MDMZ2 and P53 regulation and interactions are changed: the MDMZ2 loses
the control on the P53; and its level decreases in a result of increased degradation.
The P53 level goes up activating the MDMZ transcription.



Methods

According to the experimental and stochastic model studies we wrote each
reaction equation using the law of mass action

The molecules first meaning was expressed by 1.

The simulation was done and the codes were computed on Fortran 95, Matlab

2010, Mathematica 7 by the Gillespie algorithm.

Results

- All the reaction were figured out: the P53 protein synthesis and degradation,

Mdm2, mRNA transcription, P53/MDM2 pair P53 protein synthesis, bifurcation,
pair formation, MDMZ2 translational, P53/MDMZ2 pair MDMZ2 protein synthesis and
MDM?2 protein degradation. We calculated the propensities: the P53 synthesis-
1000, P53 and MDM2 pair formation-5000, P53/MDMZ2 pair P53 protein synthesis-
0.2, P53/MDMZ2 pair P53 protein bifurcation-7200, and P53/MDM2 pair MDMZ2
protein synthesis, mdm2 transcription-0.03, P53 degradation-0.1, MDMZ2
translation-1.4, mdmzZ2 degradation-0.6, MDMZ protein degradation-0.2.

We wrote down the propensities and construct the 4x10 type changing matrix from
the planned 10 equations involving the mdmz2, P53, MDMZ2, P53/MDM_Z2 pairs. The
simulation model was computed by the Gillespie algorithm.

We wrote down the propensities and construct the 4x10 type changing matrix.
The simulation model was computed on Matlab 7, Fortran 95 programs by four-
step Gillespie algorithm. We made the changing graphics of the P53, MDMZ2,
mdm2, P53/MDMZ2. The graphics showed that while the P53 protein molecules
number went up and down sharply, the MDMZ2 protein molecules increased and
then decreased gradually. mdm2 and P53/MDMZ2 pair molecules were harshly
increased and decreased with the P53 proteins molecules.

Conclusions

We made the DNA damage P53, MDMZ2 proteins interaction stochastic model.
For this model we wrote 10 interaction equations and probabilities of each
equation.

We wrote down the propensities and construct the 4x10 type changing matrix
from the planned 10 equations involving the mdm2, P53, MDMZ2, P53/MDMZ2



pairs. The simulation model was computed by the Gillespie algorithm. According
to the simulation the DNA damage P53, MDMZ2 proteins interaction can be
defined by the stochastic model.

Key words
DNA damage, P53, MDM2 interactions, propensities, Gillespie algorythm
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