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PAn, NyxX/IMHHWX KNITUH Mae NigBULLEHY EKCNPECI0
TpaHcMeMmbpaHHoro raikonpoTeiny proHB-EGF - pe-
uenTopa andprepiiHoro TokcuHy (A4 T). AHanory Tokeu-
Hy, Taki sk npoteiH CRM197, Bxe BNpOBaKEHO B
Teparnito OHKO/OTNYHUX 3axBOptoBaHb. MeTo po6oTu
6yno AoCNiANTY 30ATHICTb PEKOMOIHAHTHUX NOXiAHMX
OT poctaBnsaTn KypKyMmiH B MairHizoBaHi KNiTuHu.

Y Hawiii po6oTi 6yN0 BUKOPUCTaAHO No36aB/ieHi
TOKCUYHOI Aji peKoMBiHaHTHI aHauiorm AT ansa cuHTe-
3y HEKOB&/TEHTHUX NPOTEIH-KYPKYMIHOBUX KOMN/IEKCIB.
B3aemogito KypkyMiHy 3 aHasiorom 4T CRM197 6yno
3MOAENbOBaHO in silico. AHTUNPOichepaTUBHWIA BNVB
Ta 3B’A3yBaHHS OTPUMaHMX KOMMIEKCIB i3 MaslirHi3o-
BaHVWMU KNiTUHAMK, L0 NOXOAATb 3 OpraHiamy noan-
HW, By/IM OXapakTeprnsoBaHi 3a onomMmoro MTT-Tec-
Ty Ta NPOTOKOBOT LTO/TYOPUMETPIT.

Pekomb6iHaHTHI aHanorn AT CRM197, SbB (cy-
60anHULA B) Ta Rd (peLenTop-38’a3yBasibHU JOMEH)
6y cuHTe30BaHi B KniTMHax Escherichia coli Ta
oumieHi Ha Ni-NTA arapoasi. 3a gonomoroto MTT-Tec-
Ty NPOLEMOHCTPOBAHO BiflbLL BUCOKY aHTUNponide-

paTVBHY aKTMBHICTb NPOTETH-KYPKYMIHOBMX KOMM/IEK-
CiB Ta 4,0303a/1eXHICTb Ajl LIMX KOMNO3UTIB HAa MaUlirHi-
30BaHi K/1iTUHWY in vitro. MNpoTe, 3a A0NOMOro NpoTo-
KOBOI UMTOQIyopuMeTpil 6yN10 nokasaHo, Lo Yy
BifIbHOMY BiZ, MO/IEKY/1 NPOTEIHIB CTaHi KypKyMiH Ha-
6arato 6inbl ePEKTUBHO 3B’A3YETLCA 3 KAITUHAMW,
HiXX Y cKnagi OTpYMaHux KOMIMEKCIB.

Bpaxoytoun pesynsrati MTT-TecTy, 6yno Bucy-
HYTO MPUNYLLEHHS, WO A1 eddeKTMBHOI peaizavii
aHTunposnicpepaTnBHOT AiT KYpKYMiHY HeobXigHO
YMOBOHO € PO3MOAiNIEHHS B Yaci 403U, L0 HaAXOAUTb
00 KMITUH. MOXNMBO, MEHLLI 4031 KYPKYMIHY, LLIO MO-
Bi/IbHO HaAX0AATb A0 KMITUH TPMBa/UIA Yac, CyTTEBO
6iNblU edPeKTUBHI, HXX BiNbLUi 403K, WO NOBHICTIO
HaAXoaATb B KNITUHM MPOTATOM KOPOTKOrO vacy.

OTXe, HEKOBaJIEHTHI B3aeMOSIi KypKyMiHy 3 pe-
KOMGIHaHTHUMK aHanoramn AT matoTb BULLY aHTU-
nponichepaTBHy edPEKTUBHICTb, HXX BIIbHUIA KypKY-
MiH, MiABVLLYIOTb 10ro BOAOPO3YMHHICTb Ta MOTEHLiiA-
HO MOXYTb 30iNbLUyBaTN apeCHICTb AOCTaBKM L€l
MOJIEKY/IN Y PaKOBi KNITUHU 3a paxyHOK B3aEMOL,i 3
proHB-EGF.

MATHEMATICAL MODELING OF THE PROCESSES OF FORMATION
OF SINGLE-STRANDED DAMAGES OF LARGE SIZE AND THEIR
TRANSFORMATION INTO DOUBLE-STRANDED DISCONTINUITIES

OF CELLULAR DNA

KNIGAVKO V.G., BATYUK L.V., ZAYTSEVA O.V., BONDARENKO M.A,,

PONOMARENKO N.S., RUKIN A.S.

KHARKIV NATIONAL MEDICAL UNIVERSITY, UKRAINE;

The theoretical study of biochemical and radio-
biological processes observed in irradiation of cells
with ionizing radiation requires the study of mecha-
nisms for the formation and repair of radiation damage
to DNA. An important contribution to checking existing
hypotheses about the mechanisms and interconnec-
tions of these processes is mathematical modeling of
the processes of formation and transformation of ra-
diation damage of DNA. In this paper, the process of
transformation of single-stranded damage of large size
into double-stranded breaks of cellular DNA is mod-
eled. In the construction of models, approaches and
methods of probability theory were used, the practical
implementation of which required a computer inter-
pretation of the results obtained.

It is known that large single-strand gaps are re-
paired by DNA polymerase lll in prokaryotes and DNA
polymerase & (possibly DNA polymerase € or o) in
eukaryotes. The reparation of such damage is the slow
component of the repair of single-strand breaks with
a reparation time of up to 8 hours. The basic assump-
tion for building a model is that in one piece of DNA
that corresponds to one loop of chromatin (from 20 to
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80 thousand base pairs) more than one single-strand
gap of large size cannot be formed, the size of which
is close to the average size of the gene. The length of
the gap can increase with an increase in the period of
time, from the possible time of formation of a gap, due
to the average time of the transcribed gene. Consider-
ing that the time of initiation of a gap at a constant
dose rate of radiation has a uniform distribution, as
well as the time for completion of the formation of a
gap, we will get if the exposure time (T ) is longer than
the possible maximum time for the formation of a gap

VT3,
(T,). (T>T,). that @ = 1 — 2%

lihood that the gaps are transformed into double-
stranded DNA breaks, M — total length (expressed in

pairs of nucleotides) of transcribed cell DNA se-
vTo(4Tm—To)
quences. If T,<T , that ¢1 =1—=—7""— where

v —growth rate (transcription) gaps. Given the average
number of double-strand breaks per cell ('), that were
loN2Ty (4T —Tp)
24MT2,
where || — the length of the gap, N - the number of
single-strand breaks that are formed on average per

where q —the like-

formed from the gap, we canget 77 =
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cell at a dose of D. As you know, the value of N is
directly proportional to the value D. Thus, the number
of double-stranded breaks formed from a gap is indeed
proportional to the square of the radiation dose, which
is characteristic of poorly repaired or nonrepairable
double-stranded discontinuities (dependence of 7
on N).

The obtained estimate of the value is somewhat
less than the literature data on the number of hard-to-

repair double-strand breaks, which can be explained
by the underestimation of the number of single-strand
breaks that are formed in the irradiated cells. It has
been suggested that the discrepancy is due to the fact
that single-strand breaks are repaired by the mecha-
nism of ultrafast reparation, and a significant number
of them are repaired during irradiation, depending on
the dose rate.

JOCIIPKEHHA OCOB/IMBOCTEM IMEPBUHHOI TA BTOPUHHOI
CTPYKTYPH PBS JOMEHY TEHOMHOI{ PHK PI3HUX ITITUITIB BIJI-1

KOMOMIEUB I.M., 3BAPYAHA M.l., MOTArAWNO A./1., TOBOPYH [.M.
IHCTUTYT MOJIEKY/ISPHOI BIO/IOrIT | FEHETUIKU HAH YKPATHU, KUIB;

[JowmeH PBS (primer binding site), sikuii po3TaLuo-
BaHO Yy 5'-HeTpaHcnboBaHili 06nacTi reHomHoT PHK
(rPHK) Bipycy imyHoaediumTy ntoguHn 1-ro tuny
(BIN1-1), oxonstoe BifOMi CUTHaUIbHI eleMeHTU iHiLiaii
3BOPOTHOI TpaHCKpunuii, 3okpema curHan PBS,
U-wnuibky Ta D-gynnekc, wo mackye curHan PAS
(primer activation site). JlitTepaTypHi AaHi cBig4yaTb Npo
KIHETMYHY NabifibHICTb YCbOro KOMMJIEKCY iHiliauii
3BOPOTHOT TPaHCKPUNLT Ta CKIagHWi, AUHaMIYHWIA |
TUMYaCOBUIA XapakTep KOHTaKTIB MK CUrHa/TbHUMMN
enementamu rPHK i npaiimepom TPHK™, | 30kpema
PAS/antiPAS KOHTaKTy. 3 METOK [OC/iIKEHHS 0CO-
611MBOCTEN NEPBUHHOI CTPYKTYpU Ta CTPYKTYPHUX
nepebynos nig yac PAS/antiPAS B3aemogii 6yso
npoBeAeHO hinoreHeTUYHNMIA aHanis Ta mfold nepepg-
6ayeHHs BTOPUHHOI CTPYKTYpy PBS fomeHy 6/1M3bK0
500 rPHK pisHux nigtunise (A, B, C, D, F1, G, Hta J)
i pekombiHaHTHUX dhopm (CRFO1_AE, CRF02_AG,
CRF03_AB, CRF32_06A6 Towo) rpynu M BIJ-1.
OTpumaHi pesysbTati 403BOMIUAN 3p0OUTY HACTYMHI
BMCHOBKM.

Mpwn mMogentoBaHHI ekcrnoHyBaHHA PAS cnocTte-
piranuncs ABi OCHOBHI CxeMu CTPYKTYpHUX nepebyaos
BcepeaunHi PBS pomeHa: gnsa LAI-nogibHuX i3onATis
(nigTvnis B, C, D, F1, H Ta J) — 3a yyacTi He-
OOCKOHanoi naniHg4pPOMHOT NOCNAILOBHOCTI
20AGAGGAGCUCUCUC?® (cxema 1P i3 BHECKOM
eHeprii ~4+6 kkan/mMosb Ta KiJibkoMa nepexigH1umm
CTpyKTypamu), a ans MAL-nogibHux i3onaTis (nigTvny
G, CRFO1_AE, CRF02_AG), Aki MicTATb Ay6rikaTHy
BcTaBky “AACAGGGACUCGAAAGCGAAAGUUZ=A
Ta BKOpoueHmin D-aynnekc, —3a y4acTro NasliHAPOMHOI
NOCniA0OBHOCTI Ta Ay6/ikaTHOI BCTAaBKM (Cxema 2pa&ns
ab0 26AMeNg 3 MeHLIMM BHECKOM eHeprii ~0+2 kkas/
MO/1b Ta 6€3 nepexigHnX CTPYKTYp). 1301sTn knactepis
HalnbiNbLL reTeporeHHOoro MigT!ny A MiCTATb YKOpoYe-
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HuIA D-gynnekc, ane pi3HATbCS, 30KPeEMa, HasiBHICTHO
Ay6nikaTHoi BCTasky. 15 6iNbLLIoCTi i30N1ATiB nignia-
TMny A6 Ta i3onATtiB A6-NoxigHOI peKOMBIHAHTHOT
thopmn CRFO3_AB, noLumpeHmnx Ha TepuTopii Ykpai-
HK, Pocii Ta binopyci, cnoctepiranacsa ocobnunea
NpomikHa cxema 1P3* i3 BHECKOM eHepril ~1+2 kkas/
MOJIb Ta 6e3 nepexigHux CTPyKTyp. AN 4yacTuHu
i30n4TiB nignigTuny A6, B OCHOBHOMY 3 YKpaiHu, Ta
i3onatiB A6-noxigHOT pekoMbiHaHTHOT chopmu
CRF32_06A6, nowmpeHnx Ha TepuTopii ECTOHIi, —
cxema 2pa|&ins a60 ZGAAAelong_

BpaxoByroun nitepartypHi faHi LLo[o CTPYKTYPHMX
nepebyaos B npaiimepi TPHK™_ nig vac B3aemogii 3
rPHK, 6yno 3anponoHoBaHO YTBOPEHHS BHYTPILU-
HbO-MOJIEKYNSIPHOTO Aynaekcy A* Mix 5'-KiHueM Ta
BapiabesibHOK MNeT/Iel0 nNpanvepa, Lo MoXe Bigdy-
BaTucs Ha ogHomy 3 eTanis PAS/antiPAS B3aemodgii.

Brixoasaum 3 aHaui3y cydacHWX CTPYKTYPHUX MO-
aeneii 5'-HeTpaHcNbOBaHOI obnacTi reHoma BlJ1-1,
ska oxonoe TAR, polyA wnuneku, PBS gomeH, SL1,
SL2, SL3 wnunbkn i US/AUG-aynnekc, Ta ekcnepu-
MEHTaUIbHVX JaHunX LLO0 BUMOT HYKNeoTUAHOT Noci-
[OOBHOCTI, sIka HeobXigHa ANnst edPeKTMBHOI iHiLiawi
3BOPOTHOI TpaHCKpUML,i, 6ysia BUBYEHA NOTEHLiliHA
yyacTb cycigHix 3 PBS fOMEHOM CTPYKTYpHUX efe-
MEeHTIB y hopMyBaHHi nogosxeHoro PBS gomeHy.
30KpeMa, crnocTepiranocs a/isTepHaTUBHE YKOPOUEH-
Hs/nofoBxeHHs TAR Ta polyA LWNWIbOK, YTBOPEHHS
[00aTKOBOrO HMXHbLOro Aynnekca ta CU-6aratoi
LUNWABKK, KOHTaKT M 5'-rinkoto US/AUG-gynnekca
Ta SL1/SL2-niHKepoMm, LOBXMHA SKOTO 3a/1eXMUThb Bif
doopmu SL2 winusbkn (SL2°CYC abo SL2ACYA), nocTy-
noBe NOAOBXEHHS SL3 LWNUbKK, a TakoX MOX/IMBe
YTBOPEHHSA BHYTPILLHBO- Ta MPKMONEKyNapHux G-kea-
OpynnekciB y 5" -TpaHcboBaHili 06nacTi gag.
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