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INFLUENCE OF LOW DOSES OF RADIATION ON THE DNA DOUBLE
HELIX, GENE EXPRESSION AND MEMBRANAL STATE
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Abstract

This work suggests that relatively low doses of radiation may cause changes in the structure of the DNA double
helix (influencing gene expression) and changes in the structure of the cell membrane (influencing water up-
take). A radioinduced variation in the expression of globin genes in Friend erythroleukemia cells is correlated
with several events: dynamics of formation of the pyrimidine dimers along the DNA macromolecule; complete
or incomplete “repair—modification” of the exon and intron sequences in these genes; inverse correlation be-
tween gene methylation and transcription. The influence of radiation on the state of the cell membrane is corre-
lated essentially with the role of cholesterol in its organization.
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We discuss below a number of points which, in the
framework of a fundamental investigation on ra-
diosensitivity of macromolecular biosynthesis as a
function of the eukaryotic cell cycle (Howard A.,
Pele S.R., 1953; Volpe P. 1976), paid a particular at-
tention to the influence of radiation on the genet-
ic stability of deoxyribonucleic acid (Frisman E.,
Zarubina O, 1993). It was shown that radiation
induces, on the one hand, a degradation of this
macromolecule (fragmentation, single-stranded
and double-stranded breaks, base loss or hydrogen
bond breakage) and. on the other, its rearrange-
ment (intra- and intermacromolecular cross-link-
ing or base change). This abnormal variation of
structure, even when induced by relatively low
doses of radiation, may account for fine location
of the farget for cell killing, since this is believed to
be within the nucleus rather than within the cyto-
plasm (Munro T.R., 1970). In addition, through
studies on regulation of the repair—modification
system (Volpe P, Eremenko T, 1989) as a function
of the culture growth cycle of Friend erythroleu-
kemia (FL) cells (Eremenko T. et al., 1997; Volpe P.
et al, 1998), attention was also paid to a possible
association of radioinduced damages with expres-
sion of given genes, by virtue of the inverse corre-

Hike oOCy:KaaeTcs psiji MOMEHTOB, KOTOPBIC B PAMKIX
(_]:)yH,"[:l MEHTUTHLHOT'O MCCACIOBAHMS PAJIHOYYBCTBHTCIIHHO-
CTH OHOCHHTE3A MAKPOMOCKYI KAK (PYHKIMH KICTOYHO-
ro iukia aykapuor (Howard A, Pele SR, 1953; Volpe P,
19706) 0OCOBCHHO KACAIOTCA BOZICHCTRUA MOHH3HPYIONINX
HMBIYHEHHI HA F€HETHYECKYIO CTAOMIILHOCTD JIC30KCHPH-
donyiuieHHoBOM kncoTel (JIHK) (Frisman E., Zarubina O,
1993). TIOKa3aHO, YTO HOHH3HPVIOHIMEC HU3JIVUCHMS MH]IY-
LIMPVIOT, C OJIHOM CTOPOHBL, JIENPALATHIO TAKIX MAKPOMO-
JIEKYJT ((PparMenTarMio, PaspbiB OJHOM M JIBYX LETICH CTIH-
PATH, TOTEPIO OCHOBAHWI HJIH PA3PHIBbLI BOJOPOIHBIX CBS-
3CH), 4 C IPYTOi, — X NEPECTPOHKY (0BPa3OBAHMEe MHTPA-
M MEIKMOJIEKYJBIPHBIX CBSI3CH, 3aMENCHUC OCHOBAHWIT).
Taxkoro poga aHOMWIBHBIC BAPHALIMH CTPVKTVPBL JLGKE TIPH
VCIIOBHH HX H[i,"[}-’l{ll,ld]l OTHOCHTC/IBHO MAJIBIMH J1O3aMH
0OJIY4CHMS, MOTYT BO3HHKHYTL B JIOKYCIAX, OMIBCIICINGCH-
HBLX 33 TUOETTL KIETKH, HOCKOJIBKY BEPOSTHOCTE TAKOTO
COBBITHA B IPEJIENAX A/1PA FOPA3/I0 BLIIE, HEKETHU B 1IH-
Torutazme (Munro TR, 1970). [TOMUMO 3TOT0, € y4€TOM
PE3YABTATOB MCCACAOBAHUI PEIYISILIMN CUCIReM penapd-
U —MoougbuKariit KaK (PYHKIMH LFKIQ POCTA KyJIBTY-
pbl KieTok aputpoiekemun Ppenjga (FL) (Eremenko T,
et al, 1997: Volpe P. et al,, 1998) Takke 66010 06paeHo
BHHMAHHE Hi BO3MOKHYIO CBA3b PA/IHOUH/IVIIMPOBAHHBIX
MOBPEKCHHII C SKCTIPECCUEN VKA3AHHBIX I'CHOB BBHTY CV-
HIECTBOBAHMS OOPATHOM KOPPE/IIMOHHOMN 31BUCUMOCTH
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lation between gene methylation and activation
which was certainly verified for a large number of
housekeeping and tissuespecific transcriptional
units (Volpe P.et al,, 1993),

DNA STABILITY
AND GENE RESPONSE
TO LOW DOSES OF RADIATION

(i) DNA fragmentation. A gross radioinduced deg-
radation leading to the breakage of the DNA mac-
romolecule into smaller units or fragments has
been shown to occur frequently. In those cases
when the polymers contain identical or repeating
units (Eremenko T. et al., 1980), breaks may involve
the same site several times. This suggests that the
energy absorbed in a given point of the macro-
molecule can migrate through it, up to its weakest
site,

(b) Single-stranded and double-stranded brecik-
dages of DNA. Using a program for computer mo-
lecular modelling, we undertook an investigation
on the main radioinduced breaks which frequent-
ly take place along the DNA double helix. First of
all, these can be evidenced as single-stranded
(figure1A.B) or double-stranded (figure 2) breaks.
Radioactivity can cause disruption of the phos-
phodiesteric bonds between a pentose and a
phosphate in the direction 3—> 5’ (A) or in the
direction 57 —> 3" (B). In the eukaryotic cells
grown {n vitro, over a total of 1,000 damages in
the double helix, a radiation dose of 1.0 Gy causes
about 950 single-stranded breaks. Phosphodies-
teric breaks can be induced one in front of the
other or at a given distance from each other. The
bonds can be disrupted in the direction 3—> 5,
in the direction 5° —> 3" or in both these direc-
tions (thus, in the case that the breaks are closely
induced just before and just after two opposite
pentoses, with the disappearance inside the dou-
ble helix of the hvdrogen bonds between the cor-
responding complementary nitrogen bases, two
nucleosides are released from the two sides). In
the eukarvotic cells grown in vitro, over a total of
1,000 DNA damages. a radiation dose of 1.0 Gy
causes about 50 double-stranded breaks.

The single-stranded breaks that occur between a
sugar and a phosphate residue may rejoin if there
is no possibility for the broken ends of the strand
to separate. Such a rejoining may be prevented,
however, by oxygen when at least one end of the
broken strands is in a reactive state: this end may
become peroxidized and thus unable to rejoin.
A double-stranded break, namely a simultaneous
breakage of both chains of the double helix, will
occur only if there is a break in each of the two
strands less than about five nucleotides apart. This
condition occurs when two single-stranded
breaks come into juxtaposition or when a single
denselvionizing particle produces a break in both

MC}KJIY HX MCTHJ!HPOBQHHC‘M H AKTHBALIME, YTO ObUIO YeT-
KO HPOAEMOHCTPHPOBAHO Hd OBIITHMPHOM MATCPHAIC Hl-
MUBHBIX W P?Im;’i&'ﬂ‘?l‘(.‘f{i£g§£«“££’c‘h?!!.\"l‘})‘.ll ICKPHITTALHOHBIX
e (Volpe P et al, 1993).

CTABWIBHOCTD JJHK H TEHETUYECKUH
OTBET HA BO3/IEMCTBHE MAJIBIX /103
HMOHU3UPYIOIINX U3 TYYEHUN

(a) Ppazmenmeargsa /IHK. JJOKA3aHO CYIIECTBOBIHUC BBICO-
KO MHTEHCUBHBIX PJAHALIMOHHIO UHAYIIHPOBAHHBLIX [TPO-
neccos aerpajanmuy monaexyn JJHK 10 menbimx cvioben-
HHI1L W (PPArMCHTOB, ECITH HYKICHHOBBIC TTOIMMEPDI CO/ED-
AKAT WICHTHUYHBIE HJIH MOBTOPAIONIMECH €IHHHILB]
(Eremenko T, 1980), MOTYT BO3HHKATH HEOJHOKPATHLIC
MOBTOPHBIE PA3PBIBELL B OJIHUX M TEX JKE CAFTIAX. DTO CBHJIC-
TEJIBCTBYET O TOM, YTO, BO3MOKHO, ITPOUCXO/IT EPEHOC
SHEPIHH, HOIOMEHHOM B O/IHOM TOUYKE MAKPOMOJICKY/IbI,
B/IOJIb HEE BIUIOTH /10 HAMOOJICE HEYCTOMYMBOIO CAMTL,

(0) Pasputebl 00HOLL 1t 06eux yenett cnupeond IHK 1pu no-
MOLH TPOPAMMBI KOMITBIOTCPHOI'O MOJICKVIISIPHOTO MO-
JICJIHPOBAHMSA, ABTOPbI HCCICIOBUIN OCHOBIHBIE BH/IBI P/ IH-
ALMOHHO HHVIMPOBAHHLIX PA3PLIBOR, KOTOPBIC HANOOJICE
YACTO OBLIBAIOT HA NPOTHKCHUM JABOMHON crivpain JIHK
Berpedaiores paspbiBbl Kak o/tHOM (PUCYHOK 1AB), Tak 1
JTHOBPEMEHHO JIBYX (PUCYHOK 2) LETer MOJCKYILL Hor-
SUPYIOLIHE U3IYYEHHS CIIOCOOHBI BLIBBATH PA3PYIICHUC
hochoMaCTEPAZHBIX CBA3ET MEKY YITICBO/HBIME OCTAT-
KaMHM TIeHTO3 1 (pochaTamm B HHONOKEHNH 3'—> 57 (A) 1
HOJOKCHUM 5" —> 37 (B). [t KIETOK 3yKapHOT, BhIPAIEH-
HBIX /77 itro, s pacyere Ha 1000 noBpeRacHmin JIBOMHON
crmpa mostekyiibt JIHK j1o3a 1 'p sbissisaet nopsyika 950
OAMHOYHBIX PA3PLIBOB. PaspyiueHust (hochonmacTepastibix
CBA3CH MOTYT MPOHCXO/IUTH HEMOCPEJCTBEHHO JIPVE TTPO-
TUB JIPVId WM JKE B IIPEICTAX ONPEACACIHTHONO PACCTON 3]
MO JUIHHE MAKPOMOJIEKY/IbL. BO3MOKHO PA3PYIICHUC CBSI-
3€H B IIOJIOKCHUH 5'—> 5, B IOJIOKCHUH 5" —> 3", 4 TAKKC B
ODOHX OIHOBPEMEHHO (IPH PA3PBLIBE XMMHYCCKHX CBA3CTH
HETTOCPE/ICTBCHHO TMEPE/T U HCTOCPCACTRCHIO [TOCIE 1EH-
TO3 € OJHOBPEMEHHBIM PA3PYIIEHHEM BHYTPH JIBOMTHOL
CHHPAIH BOJIOPO/IHBIX CBA3CH MCHKTY COOTBCTCTBYIONMMH
KOMILIEMEHTAPHBIMM A30THCTBIMH OCHOBAHMSAMI, UMCCT
MECTO TOTEPSL JIBYX HYKJICOTHOB C JIBYX CTOPO). [t kie-
TOK YKAPHOT, BBIPANIEHHbIX /72 Uitro, B pacyere ta 1000 no-
BPCAKIACHHI ABOMHOM crimpann JTHK, j103: 1 Tp BbizbiBacT
nops/ika 50 JIBOMHBIX PA3PBIBOB,

Boccranowiene 1ejaocTi OIHOM M3 HETICH NoUIe Pasphl-
BA MCAJTY VITICBOIHBIM 1 (POCaTHBIM OCTATKAMM BO3MOMK-
HO TPH OTCVTCTBUM PACXOAICHMS OOPABOBABIIIXCSH KOH-
HEBBIX (PparMenTon, TAKOC BOCCTAHORICHHE MCKIIOYACTCS,
€O XOTS1 Obl O[T H3 KOHIOB HOCIE PA3PHIBA PCOBIBACT
B PEAKTHBHOM COCTOSTHHM: TTOCHETHHIT MOXKCT 110/] BO3/ICH-
CTBHEM KHCIOPO/A ObITh HOABEPIHYT NEPCKHCHOMY OKHC-
JIEHHIO, M CICJIOBATENBHO, YIPATHTL CHOCOBHOCTL K PETid-
PATHBHOMY BOCCOEAMHEHMIO, JIBOFMHON PA3PBIB, 4 HMCHHO
paspbiB OBCHX HENCH JBOMHOM CITHPWIN, TTPOHCXOANT
JIMIIL B CJIVYHAEC JTOKMIMBALH TOBPEKICHNT KXOK/108 M3 1e-
MEM HA PACCTOSAHMN MCHEE TTSITH HYKIICOTH/IOB JIPVI OT JIPy-
ra. Takoe COCTOAHME HACTYIAET, CCITH JIBA OJIMITOMHBIX Pa3-
PbIBd OKA3BIBAIOTCA B HETOCPCACTBCHHON OIIM30CTIH, FUTH KE
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FIGURE 1. RADIOINDUCED SINGLE-STRANDED BREAKS IN THE DNA DOUBLE HELIX
PUCYHOK 1. PAOVALMOHHO UHAYUMPOBAHHBIE PA3PbIBbI OfIHOM 113 LIENEN ABOMHOM CMIMPANK MOMEKYbI HK

A B

}\,“\\\

[1LF

FIGURE 2. RADIOINDUCED DOUBLE-STRANDED BREAKS IN THE BIHELICAL DNA
PUCYHOK 2. PAQVALIMOHHO WHAYUMPOBAHHbIE PA3PbIBbI OBEWX LIENEW JBOVHOW CNWPANK MOMEKYMbI AHK
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strands. For this, approximately 500 eV are re-
quired, while a cluster of ionizations has to take
place within 20 A.

(c) Hydrogen bond breakcage in the DNA dou-
ble belix. As is known, the lunctional groups
of certain molecules can be linked by hydro-
gen bonds to form three-dimensional struc-
tures. In DNA they contribute to construct a
double helix through base-pairing (figure 3).
The two hydrogen bonds, which connect the
complementary A and T in the native DNA (A)
can be alternatively disrupted (B,C) before a
complete separation of these two bases (D).
The hydrogen bonds, as weak forces, are high-
lv radiosensitive. Their disruption by radiation
can lead to heavy alterations. In fact, radiation
can influence the association of DNA with
proteins: in chromatin, this leads to alter-
ations of genetic transcription (Volpe P., Giu-
ditta A., 1967: Volpe P, 1981); in a virus, this
leads to alterations of the infective properties
(Eremenko T. et al., 1972).

€CJIM YACTUIIA C BLICOKOH TUIOTHOCTBIO MOHM3ALIMH [TPOM3-
BOJIHT PasphiB 00CHUX HETNe. /s 3TOro HeoOXoHMO OKO-
710 500 3B npu wiacrepe noHusarnm 10 20 A,

(8) Paspoieot 6000POOHBIX cBA3et! 0B0LHOI cnupdant JIHK
Psijiy MoJiekyn ryreMm oBpasoBaHus BOJAOPO/AHBLIX CBA3EH
MEXK/TY HX (PYHKIIMOHAIBHBIMH FPYIIHIAMH CITOCOOHDI
(hOPMHUPOBATL TPEXMEPHBIC CTPYKTYPLL B IHK o1u 06-
PA3YIOT JIBOMHYIO CITUPAIb ITOCPEACTBOM MAPHOI'O CBA3bI-
BAHHA OCHOBAHUWIA (PUCYHOK 3). JIBE BOJIOPO/IHBLIE CBA3H,
KOTOPBIC COCAMHAIOT KOMIUICMCHTAPHBIC OCHOBAHHS
AJEHUH U THMHH B HATHBHOM JTHK (A), MOT'YT OBITH HAPY-
mictpl (B, C), 4TO NpeecTsyeT MoJHOMY Pa3/ICACHHIO
JIBYX A30THCTHIX OCHOBAHHUA (1)), BOJIOPOHBIC CBA3M KAK
B/ C/IA00T0 B3aUMOJIENCTBHA ABJIHIOTCH BLICOKO Pa/IHO-
YYBCTBUTEILHBIMH. X paspymienuc npu oday4cHHN
HPHBOJANT K CEPHE3HBIM U3MCHEHUAM MOJICKVIAPHOIN
CTPYKTYPLL HONM3HPYIONNE M3JIYYEHHA BJIHAIOT Ha ac-
couuuposanue JJHK ¢ nporemnsamum, r.e. st XpoMaTiHi
CJICJICTBHEM 3TOTO ABJISICTCS HAPYIICHHC TPAHCKPHITIHI
resernyeckot niopmarm (Volpe P, Giuditta A, 1967;
Volpe B, 1981). B aroMm cityqae y BHPYCOB HAPYUIAECTCH BU-
pvienTHocTs (Eremenko T. et al, 1972).

FIGURE 3. KINETICS OF RADIOINDUCED DISSOCIATION OF THE ADENINE AND THYMINE NITROGEN BASES IN THE DNA DOUBLE HELIX

PUCYHOK 3. KITHETVIKA PALMALIVOHHO WHAYLMPOBAHHOM AVCCOLMALIAN A3OTICTBIX OCHOBAHIM ALIEHVHA 11 TUMIHA
B [IBOMHON CrVPAMIA MOMEKYIBI [HK
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(d) DNA intramacromolecular cross-linking. An
intramacromolecular cross-linking can take
place where, under the effect of radiation, a
given macromolecule becomes attached to it-
self. In this fashion, radiation can lead to the
formation of cross-links within a DNA double
helix. An example of this is the well known
cross-linking between two pyrimidine bases
(figure 4), as has been induced by UV (Volpe P,
Eremenko T., 1989). (A) Inside the bihelical
DNA, the adjacent complementary bases AT
and AT essentially share the same plane of sym-
metry. The two adjacent thymines are not con-
nected with cach other, since they are associ-
ated with the two complementary adenines
through double hydrogen bonds which are
parallel one in respect to the other and perpen-
dicular to the axis of the double helix. (B) The
effect of radiation begins with the appearance
of a first covalent bond between the C. and C.
atoms of the two adjacent thvmines (of the
four pre-existing hydrogen bonds between the
two AT base pairs, only three remain; these,
however, are much longer than the former
physiological ones). The formation of this first

covalent bond implies the attraction of one of

the two thymines by the other and this, in turn,

(2) Buympumaneryiapnsie nepexpecnsie ceasi/JHK TTpn
OGIIVHEHHUH MOT'YT (POPMHPOBATHCH MEPEKPECTHBLIC BHYTPH-
MOJIEKYBIPHBIE CBA3H, KO1a yacTu JJHK anoMansHo eMmbi-
KAIOTCst JIPYT € ApyroM. HOHUSHPYIOTIHE HBJTVUCHI CHO-
COBHBI MPHBOJIMTE K OOPA30BAHHIO B HOPME HE CYIICCTBY-
IONMX MEPEKPECTHBIX CBAICH B MPE/ICIAX JIBOAHOM
crimpai JAHK TIprMepoM 31oMy MOMKET CITYIKHTh HEPCKPe-
CTHAS CBA3b MCAJIY JIBYMS TTHPUMMIHHOBBIME OCHOBATHS-
MH (PHCYHOK 4 ), BOSHHUKIIOUIAS O] BO3ICHCTBHEM VIIETPA-
puonerosoro uanyuenus (Volpe P, Eremenko T, 1989). (A)
B jsvernmpainsioi mosekyie JHK emexkibie koMimemeri-
TAPHBIC MAPB! A30THCTBIX OCHOBAHUI AACHAH—THMHIT 1
AIEHHH—THMHL, 110 CYIIECTRY, PASICISIOT MEKY CODOI
OJIHY TWIOCKOCTH CUMMETPHM, JIBA CMEHKHBIX TUMHHOBBIX OC-
HOBAHMSH HE COSAMHEHDL JIPYT € JIPYTOM, HOCKOJILKY OHI aC-
COLHMUPYIOTCA € ABYMS KOMIUIEMCHTAPHLIMI A/ICHHHAMH
TPH TOMOIH JIBOFIHBIX. BOJOPO/HBIX CBABCH, [TAPA/UICITh-
HBIX 1O OTHOIICHHUIO APV K JAPYIY H HEPHCHIMKYIHPHBLIX
11O OTHOIEHHIO K HPOOABHO OCH JIBOFHOMN CIIHPLIHN MaK-
pomMosiekyibl (B) Peamsatus pamaitmonnbix appesron
HEAYHHACTCS C TOSBACHUA HEPBOM KOBAACHTHOM CBA3H MC/K-
Jy aromamu Co 1 Cs B JIBYX CMCKHBIX THMHHOBBIX OCHOBI-
FHSX (M3 YCTBIPEX CVIIECTBYIONMX BOIOPO/IHDIX CBASCH
MEJTY JIBYMS HAPAMH OCHOBL I aZCHITH —THMIT OCTAIOT-
CSLJMLTL TPH; IIPOTSEZREHHOCTD MX CYIIECTBCHTO TTPCBBITTL-
€1 TAKOBYIO B (PUSHONOIMHCCKIX YCIOBHSX ). OBPasoBame
JLEAHHOM MEPBOF KOBWIEHTHOM CBAZH O3HAYACT IPITITHBL -

FIGURE 4. RADIOINDUCED FORMATION OF A PYRIMIDINE DIMER IN THE DNA DOUBLE HELIX
PWUCYHOK 4. PALIMALIMOHHO WHIYUMPOBAHHOE OBPA3OBAHUE NWPUMUANHOBbIX AUMEPOB B ABOMHOM CMUPANW JHK
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implies a rotation of the attracted thymine
around the B-glvcosidic bond of the N, atom
of the pyrimidine with the C, atom of the 2-
deoxvribose. (C) Then, radiation causes the dis-
ruption of the remaining three hydrogen bonds
and induces the formation of a second cova-
lent bond between the C, and C, atoms of the
two adjacent thymines. The formation of the
closed C.—C.—C,—C, structure (cyclobutane)
is accompanied by some non-parallel rotations
of the two thymines around their correspond-
ing B-glvcosidic bonds: these rotations cause
a notable local distortion of the double helix.
(D) The unequal rotations of the two adjacent
thymines become stabilized when between
them an angle ol 90° is reached. In this condi-
tion, the damage caused by radiation to DNA is
maximal. The dimer covalent linkage is much
more stable than the hvdrogen bonds between
complementary bases (figure 3).

(¢) DNA depurination. One of the frequent
changes in irradiated DNA is its depurination
(we confirmed that in unirradiated cells this
event takes place atarateof 1+ 10" sec™'). How-
ever, the HPLC analysis (Eremenko T. et al,,
1985) shows that, depending on the dose of ra-
diation, DNA can lose not only the guanine (G)
or the adenine (A) purine bases, but also the
thymine (T) and the cytosine (C) pyrimidine
ones. This leads to a very heavy alteration of the
DNA coding capacity.

() Influence of radiation on regulation of gene ex-
pression. One of the crucial questions in irradiat-
ed cells concerns the eventual correlation be-
tween DNA degradation and gene expression
(Volpe P, Eremenko T, 1994), This question
emerges [rom the fact that, in UV-irradiated FL
cells (Eremenko T. et al,, 1995), as in those treat-
ed with dimethylsulfoxide (DMSO) (Eremenko T.
et al, 1995), the DNA degradation appears in as-
sociation with expression of the genes for a and
f chains of hemoglobin (Hb). For interpretation
of this association (figure 5), we proposed two al-
ternative models. The i vitro differentiation was
performed using 1.5% DMSO (Eremenko T. et al.,
1997: Volpe P. et al., 1998). The percentage of the
m~Clabelling (testifying to the occurrence of DNA
methylation (Eremenko T. et al., 1985)) was cal-
culated against the sum of radioactivity of A, T and
G (testifving to the occurrence of DNA synthesis
(Eremenko T. et al., 1985)).

The first model is based on the fact that UV radia-
tion (like DMSO), on the one hand, inhibits a part
of the DNA polymerase B (polB) activity (which is
responsible for base excision-repair (Eremenko T.
etal, 1985; Delfini C.etal, 1985)) and, on the oth-
er, induces the expression of the globin genes
(Volpe P.et al., 1993). Since these genes can be ac-
tivated by UV (or DMSO) only if they are within

HHE OJIHOTO M3 TUMHHOBBIX OCHOBAHMI JIDYTHM, UTO 11PE/1-
MOJIATACT POTALMIO CMEKHOTO THMMHA BOKPYT B-ITTHKO31/1-
HOM CBSI3H aTOMa N IMMPHMHIMHOBOIO OCHOBAHMSI C ATO-
MoMm C,; 2-1e3okcuprbosst. (C) Jlautee HoHn3upyionimne 13-
JIYHYEHHS BLIZbIBAIOT PA3PBIE OCTAILHLIX TPEX BOJOPO/HBIX
CBSI3CH M MHZY T PYIOT OOPA30BAHUC BTOPOTT KOBAJICHTHOR
CBA3K MEKIY aTOMaMK C, 1 C, JIBYX CMEKHBIX THMHHOB, O5-
PA30BAHUE 3AMKHYTOH CTPYKTIVPDLI C.—Co—C —C, (1IHKI0-
GyTaHa) CONPOBOAJIACTCA HEKOTOPOH HEMAPAUICABHOM
poTalMEen JABYX THMHHOBBIX OCHOBAHHIT BOKPYI' MX COOT-
BETCTBVIONIMX B-TVIMKO3M/IHBIX CBAZCH: J1H POTALLMHN OOYC-
JIOBJIMBAIOT 3aMETHOEC MECTHOC HCKAKCHIE (POPMBI JIBOIT-
HOH CIIMPAIA MAKPOMOJICKYIIbL (1)) Hepastas poraims
JIBYX CMEKHBIX TUMHHOBBIX OCHOBAHMTI CTAOMIM3HPYETCH
[IpH 0OPAZ0BAHUN MCAKIV HUMH yi71a 907, B latiom civyac
BCIHHYUHA PATIHALMOHHONO MOBPCHKICHMA MOTCKVILI JIHK
MAKCHUMAILHA, Baxkio OTMETHTL, YTO KOBUJICHITIHAA CBA3L
JIIMEPOB SIBJISCTCS CYIICCTBCHHO DOJICC CTAOMIBHONM, HEYKC-
JIM BOJIOPOJTHBIC CBA3ZH MCAJTY KOMITICMCHTAPHBIMH OCHO-
BAHIAMH (CM, PHCYHOK 3).

(0) Lomepsa JTHK nypnoeuix ocHoSaH it (ToenypuHiposcd-
Hue ). OHIM 13 YacTsix usmencnnit JHK npi oGayuerinm
ABJIACTCH MTOTCPA TIYPUHOBLIX OCHOBAHHI HYKICOTH/IAMH
(FAMI TIOKA3aHA MHTEHCHBHOCTD dHUTOTHYHOI'O HPOTec-
Ca B MHTAKTHBIX KICTKAX Had YPOBHE NopsaKa 1«10 'c ).
Mo panneim HPLC-ananmsa (Eremenko T. et al, 1985) JIHK,
B 3ABHCHMOCTH OT JIO3bl ODJIYUEHWS, CIIOCODHA TEPATL HE
TOJIBKO MYPUHOBBIC OCHOBAHMS TV HIIH ICHHH, HO TakK-
JKC M MTUPHMMPIMHOBBIC — THMMH H IIFTO3HH, DTH MPOLCC-
ChI TIPUBO/IAT K UPE3BLIYAIHO TAKCIBIM HAPYIIEHHAM CT10-
cobnocry JIHK Xpanuts renerH4eckyio uidopmanio,

(€) BO30CHcmsUe HONUUDYVIOUUX LS/ HCHLTL 1 eV A0
Ixenpecctits 20106, OIHIM M3 KTIOYCBBIX BOITPOCOB, KAC10-
HIMXCA PAIMALMOHHOTO BOJJICHCTENS Hil KICTKH, SIBJIACTCA
BOTIPOC O BOZMOKHON KOPPEIAITHH MEAJLY TPOIECCamMi
jgerpaganmnn JHK m sxceripeccuen renos (Volpe P, Eremen-
ko T, 1994). Ero akryanbHOCTL OOYCIIORICHA TEM, UTO B KIET-
Kax FL, nojBepruyruix viasrpapuogeToBomMy oOJIVHEeHHIO
(Eremenko T. et al, 1995), TaK xKe, Kak 1 B 0OpadOTAHHbIX
JAMETHICYIBPOKCHIOM (JIMCO) (EremenkoT. et al, 1995),
gerpaganmst JHIK mpoHcxoanT COBMECTHO ¢ SKCHPECCHET
FEHOB O- M B-LICHEH MOJICKVIIbL FCMOTITIOOMHL. B 1essx -
TCPIPETALAN JAHHOM CBA3H (PUCVHOK 5) HAMM MTPEUIONKC-
HBI JIBE WiLTepHATHBHELIC MO/emt. ndpepentmano in
PO OCYHIECTRIAIN IVTCM HCnoan3osanms 1.5% JIMCO
(Eremenko T. et al., 1997; Volpe P. et al., 1998), [ponetrrriioe
COJICPKAHIC MEHECHHOTO MC (CBHJCTCIBCTEVIONICE O MC-
Tinmposarnn JIHK (Eremenko T et al, 1985)) paccumrano
MO OTHOMICHWIO K CYMME AKTHBHOCTH MCTOK d/ICHIH, TH-
MHHA U IYAHHA (CBHACTELCTBYIONMX O HWIMYIN CHHTE-
3a JIHK (Eremenko T. et al,, 1985)),

IepBast MOjIE/ L OCHOBAHA Ha TOM (PAKTE, 41O Viisrpacprone-
TOBOC OOJIYICHIC (11010010 JIMCO), € O/1HOM CTOPOHDL, Y-
CTUYHO HHIHOMPYET Ak THBHOCTS JIHK-1rionmmepasn! 3 (polf),
KOTOPAst OTBETCTBEHHA 31 BOCCTAHOBICHHE OTEPAHHDIX
ocHOBAHM B nyeoTwax (Eremenko et al, 1985; Delfi-ni
C. et al, 1985), a ¢ Apyrof, — HIJIVIEPYET SKCIPECCHIO T'e-
Hos remoiobuna (Volpe P.et al, 1993). TTocko/bKy JatHbie
I'€HBLI MOIYT OBITH AKTHBHPOBAH B VIBIPAPHONETOBBIM OOJTY-
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FIGURE 5. DEVELOPMENT OF DNA METHYLATION VERSUS HEMOGLOBIN SYNTHESIS IN GROWING DIMETHYLSULFOXIDE-TREATED
FRIEND ERYTROLEUKEMIA CELLS

PUCYHOK 5. PA3BWUTWE METUNIPOBAHWS MOMEKYIbI AHK B CPABHEHUW C CUHTE3OM FEMOTTIOENHA B OBPABOTAHHbBIX
LUMETUNCYIb®OKCUOM KNETKAX 3PUTPONEMKEMUIA ®PEHMA

CELLSsmL " (+10°) pGeCELL"

Hb (+) % m'C (DPM %)

400 +

300

200

100

Growth cycle, hours

Notes. (A) Culture growth cycle, in the absence (open circles) and in the presence (closed squares) of DMSO. (B) Intracellular protein content (Pgecell™) in
the absence (closed rhombs) and in the presence (crosses) of DMSO in comparison with Hb production (in per cent according to the benzidine reaction
(Eremenko T. et al., 1997; Volpe P. et al., 1998) in the absence (open circles) and in the presence (closed squares) of DMSO. (C) 5-methylcytosine (m°C)

labelling in the DNA hydrolysate, after its separation from labelled A, T and G through reverse phase HPLC (Eremenko T. et al., 1985) in the absence
(open circles) and in the presence (closed squares) of DMSO.

Mpumeyanms. (A) LMK pocTa kynbTypbl 683 (CBETNLIE DKPYKHOCTH) W B NPUCYTCTBIMM (TemHble ksaaparsl) AMCO. (B) CoaepxaHue BHYTPUKIIETOYHOTO
enka (nrexnet. ') 6e3 (TeMHble pomBLI) 1 B npucyTcTeMK (kpecTel) AMCO B cpasHenun ¢ NPOAYKUMER remorno6uHa (B NpoLEHTax COOTBETCTBEHHO
6GeHanMHOBON peakumu (Eremenko T. et al.,, 1997; Volpe P. et al., 1998) 6e3 (CBETNbIE OKPYXHOCTH) W B NPUCYTCTBUN (TeMHble kBaapark) AMCO.

(C) MeyeHHbIin 5-metunuutozud (m°C) B rupponuaare [JHK nocne ero oTAENEHUS OT MEYEHHbIX aABHUHA, TUMUHA W FYaHWHA BO BPEMH
ofipatHoil thasbl HPLG (Eremenko T. et al., 1985) 6e3 (ceeTnbie OKPYXHOCTH) W NPUCYTCTBAM (TeMHbIE kBaapaTkl) AMCO.

an undamaged genome fraction, one may sup-
pose that within the damaged genome fraction
there should be those genes which code for their
eventual modulators. The second model also as-
sumes that UV radiation, like DMSO, leads to a
random genome damage (figure 6). (A) In unin-
duced control cells, the undamaged genes for o
and B chains of Hb are switched-off through sym-
metric methylation (marked by the asterisks). This
is guaranteed by an active met enzyme system, the
genes of which are supposed to be methylation-
independent: Hb is not expressed by virtue of the
inverse correlation between globin gene methy-
lation and expression (Volpe P.etal, 1993, 1993a).
(B) In irradiated or DMSO-induced cells, at the
earlier stage of growth, the damaged globin genes
asymmetrically lose previously methylated single-
stranded patches, according to figure 5C. At the
later stage of growth, although partially inhibit-
ed by radiation or DMSO, polf (Delfini C. et al,
1085) is still able to guarantee excision—repair
(Eremenko T. et al, 1985) of these genes, but with-
out m°C (de-methylation (Volpe P, Eremenko T,
1989)). Concomitantly, the met gene system is
supposed to remain always unreconstructed by
the partial inhibition of polf. In such a case, it does
not re-methylate the hemi-methylated globin

yeHueM (i JIMCO) Juiib B ¢JIvHAe PACTIONOMKCHHA HX B
NMPEAEIAX HETOBPCAKICHHOM (PPAKI I FEHOM, MOKHO CYHH-
TATE, YTO B HPEIEIAX MOBPCHKICHHOM (PPAKIIM CYIICCTBY-
0T TCHBI, KOAMPYIOHTHE BO3MOMHLIC MOAYIHTOPDI TIEPBLIX.
Bropast MOIEIIL TAKKE TPCINIONAraeT, YyTo yasrpadroncTo-
BOE OBIIYHICHHE, NOA0GHO BOFACHCTEIIO IMCO, BejieT K Hec-
CHCTEMHOMY MOBPEAICHHIO FEHOMA (PHCYHOK 0). (A) B KOH-
TPOJE (HECTHUMYJIMPOBAHHDBIC KICTKH) HCTTOBPCAKICHHbIC
FEHBI 0~ M B-LIEHECH MOJICKY/TbI TEMOITIOOHHA “BBIKIIIOYCHBI®
(CVITPECCHPOBAHBI) [YTEM CUMMETPHYHOIO MCTHUTMPOBAH A
(OTMEUEHO 7). D10 06ECTICYUBACTCH AKTHBHBIM COCTOSAHI-
€M AH3UMHOI CUCTCMBI 717¢L, T'EHBI KOTOPOI CHUTAIOTCS He-
ZABUCHMBIMH OT METIIHPOBAHISE: SKCTTPECCHS IFCHOB I'CMOT-
JIOBHMHA OTCYTCTBYCT BBHJIY OOPATHON KOPPCSILIHN MCHA/TY
METIIMPOBAHHUEM FeHoB 1 Mx axcnpeccuet (Volpe Poet al,
1993, 19932). (B) B obiyieHNbIX KICTKAX JIMOO CTHMYITHPO-
BaHHbIX JIMCO Ha parmivx CTapsx UX POCTi, HOBPCA/ICH-
HBIC ICHBI TEMOITIOOMTEL TEPAIOT HPCHJIC METHIMPOBAHHBIC
VHACTKM OJIMHOYHBIX HITCH (CM. prcyHOK 5, C). Ha nosiHnx
CTA/IAX POCTA, HECMOTPS Hd YACTHYHOC MHIMOMPOBAHNE
BOCIE/ICTBHE PAHALIMOHHOIO BOJICACTBIS KU Ke OOpaboT-
kn JIMCO, polp (Delfini C. et al, 1985) coxpanseT cnocod-
HOCTH OBECTICUHUTD PEIAPALHIO oBpeAsienni (Eremenko T
et al, 1983) JaHHBIX I'eHORB, OJIHAKO 6e3 M°C (JIeMeTHITHPO-
panue (Volpe P, Eremenko T, 1989)). Hapsyty € 311um cumra-
10T, UTO CHCTEMA TCHOB 71¢f OCTAETCH BCET/A HETIEPCCTPOCH-
HOI BEWIY MAPLMAILHOIO HHIUOUPOBaHus polf. B Takom
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FIGURE 6. ACTIVATION OF o AND B GLOBIN GENES IN DIMETHYLSULFOXIDE-INDUCED FRIEND ERYTHROLEUKEMIA CELLS
THROUGH THEIR DE-METHYLATION

PUCYHOK 6. AKTVBALINS TEHOB o - W B -LIEMEIA TEMOTTIOBUHA B CTUMYNUPOBAHHBIX AUMETWICYNb®OKCUAOM KNETKAX
APUTPONENKEMWN ®PEHLA NPU WX LEMETMPOBAHN

Early stage of the FL
culture growth cycle

A
@ %ok ok %ok k
Control cells === T
sk ok %ok
o p
met

(B)
Irradiated
(or DMSO-treated cells) 4 4 I

a B

Late stage of the FL
culture growth cycle
Unexpressed
sk sk $ok ok globin genes
=== === 0 emee- > O
e o (stop of transcription)
@ p
met
Expressed globin genes
=== ===0 m-—— > .
* ok ok ok ok
(open transcription)
o p

(Though inhibited, po/g is still able to warranty
excision-repair of globin genes)

met

>

(inhibited polg is unable to warranty excision-repair of met gene;
methylation of globin genes is stopped)

genes: ultimately, Hb is expressed by virtue of the
inverse correlation between their methylation
and expression, suggested by figure 5B,C. The
open large circle shows that transcription of
globin genes is switched-off, while the closed
large circle shows that transcription of globin
genes is switched-on.

This model is based on the fact that, at the lat-
er stage of the FL culture growth cycle, the
globin genes are not expressed when methy-
lated (in control unirradiated cultures) and vice
versa expressed when unmethylated (in UV- or
DMSO-treated cultures) (Volpe P. et al,, 1993;
Eremenko T. et al.,, 1995). In control cultures,
earlier or later during growth, the genes for a
and B chains of Hb would be always unex-
pressed, because constantly switched-off by a
DNA methylase (met) enzyme system (Delfini
C. et al, 1987, 1988) encoded by genes with a
methylation-independent regulation. In UV- or

CIIYHAC HE TIPOUCXONT PEMETHIIMPOBAHMSA TOJIVMCTHIINPO-
BAHHBIX TEHOB IFEMOTTTOOHHA: B KOHCYHOM CHETC MPOMCXO-
JIAT 3KCTIPECCHA NFEMOTJIODHHA BBHJTY OOPATHOM KOPPEISI MM
MEAJIY METIIMPOBAHUEM M SKCITPECCUER (CM. PHCVHOK 5, B,
C). CBETIBIMH KPYITHBIMH OKPYKHOCTAMM MOKA3aH0, YTO
TPAHCKPHITIIHMA TEHOB IeMOMIOOHHI “BRIKMOYEHA”, TCMHbI-
MM KPYITHBIMH OKPYKHOCTAMH — “BRIIOYECHA.

JlaHHas MOJIEb OCHOBBIBAETCS H TOM, YTO B HO3THUX CT/TH-
X LRI POCTA KVIBIYPBLI FL 1eHbL, KOMPYIONME CTPYKTYPY
IEMOIVIOBHHE, TTPEOLIBAIOT BHE 3KCIPCCCHH TPH YCIOBIH HX
METHIHPOBAHA (COMTIACHO JIAHILIM MCCIEIOBAHMM KOHT-
PONBHBIX KVABIVP, HE TMOJBEPTABIIMXCS COOTBCTCTBYIOLIEMY
BOS/ICHCTBHIO) W, HANPOMIUE, TIPH OTCYTCTBHH TAKOROIO —
MPOUCXO/IMT HX SKCHPECCHS (IPH VIBTPaAgHOneToBoM 0oy-
yeHuu win npu odpadorke JIMCO) (Volpe P et al, 1993,
Eremenko T. et al, 1995). B konTpone Ha NMpoTszKey pocta
KVJIBTYPBI I'€HbI, KOJMPYIOIIHE CTPYKTYPY 0~ K B-1IETICH MOJie-
KyJTbl IFEMOITIOOHHA, BCET/IA BY/IYT BHE IKCTIPECHM BBHJLY T10-
CTOSIHHOIO “BbIKIOYEHMS” 3H3UMHOM cuctemon JJHK-meth-
nasel (met) (Delfini C. et al, 1987, 1988), B cBOIO 04epe/ib KO-
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DMSO-treated cultures, at the earlier stage of
growth, both classes of globin and met genes
would result in the damaged genome fraction
(Hb should not be produced in any case); at the
later stage, although partially inhibited, the
polpp enzyme would be able to guarantee exci-
sion—repair of globin genes and unable to
guarantee the excision-repair of met genes (the
met enzyme system would not be produced).
Ultimately, the unmethylated globin genes
would be expressed.

RADIOSENSITIVITY

OF THE CELL MEMBRANE

As a starting approach, we investigated the ox-
idative damage of cell membrane lipids. A par-
ticularly sensitive fluorescence technique has
been worked up, able to detect the presence of
0.01 M% hvdroperoxides with respect to total
lipids (Parasassi T. et al., 1995). The technique
implies the measurement of 1,6-diphenyl-
1,3,5-hexatriene fluorescence decay (Parasas-
siT. etal, 1991). As for its sensitivity, this tech-
nique can detect the membrane oxidative
damage after a dose of 0.1 Gy. In this respect,
membrane lipids can be defined as target for
ionizing radiation, as well as DNA molecule
(Volpe P, Eremenko T., 1995). We do not con-
sider proteins as target for low radiation dos-
es. since they need doses higher for at least two
orders of magnitude to be damaged. Due to the
low dose necessary to produce damage, oxida-
tion of membrane lipids does not have lethal
consequences. Nevertheless, the damage is ac-
cumulated with the exposure time and, from
our experimental results, it does not seem to
be repaired. Alterations of cell functions should
be expected.

(a) High and low doses of radiation. We also deter-
mined that, at the molecular level, the first conse-
quence of lipid peroxidation is the penetration of
water in the hvdrophobic interior of membranes
(Parasassi T. ¢t al., 1994), causing the modification
of the barrier properties of the membrane and the
functional alteration of membrane proteins and
enzymes (figure 7). (A) High radiation dose can
damage both membrane proteins and lipids.
(B) Low radiation dose nas no detectable direct
effect on membrane proteins but can oxidize
membrane lipids. As a consequence ©f structural
and dynamical perturbation of lipids, the confor-
mation and the functional properties of mem-
brane can be altered.

(b) Hydroperoxidation of the irradiated cell
membrane. In dose-response experiments,
where the amount of oxidative damage is re-
ported as a function of the radiation dose
(Parasassi T. et al., 1995), cholesterol and sat-
urated lipids have been found to protect the

JIMPYEMON TEHAMM, KOTOPBIM IMPHCYIIA HE3ABUCUMAsL OT Me-
TIWIMPOBAHUSA PETYIstius. B PAHHMX CTa/IHsIX POCTA KYJIBTYD,
MOJABEPIHYTHIX VABTPAPHUOICTOBOMY OONVHCHHIO (MIIN
JIMCO), reHsl reMOITIOOHHA | 1ef-IeHbl CKAZKYTCA B TTOBPCK-
JIEHHOM (PPAKLLAN 'CHOMA (CHHTES FeMOITIOOMHA BY/IET OTCYT-
CTBOBATH B JIIOBOM Cjiyyae). B ros/iHmx Crajiusx pocTa, JIuKe
H2 (POHE YACTHYHOIO MHIHOUPOBAHISL, SH3HUM POIB Criocoden
OBECTIEUHTh PEMAPALIMIO TOBPCAICHHDBIX I'CHOB MeMOIIO0H-
Ha M HECTIOCODEH — 1met-reHoB (HE Oy/1eT OOPA30BAHMS 9H-
3UMATHUCCKON CUCTEMBI 727¢f). B MTore NpoH3oijIeT SKCpec-
CHST HEMETWIMPOBAHHBIX I'EHOB FeMOTTIOONHAL.

PAJIMOYYBCTBUTEIBHOCTD
KJIETOYHbIX MEMBPAH

B navaie Mbl IPOBEITH HCCIC/IOBAHNE OKCH/IAHTHOTO T10-
BPCKICHUSA JIMITHJIOB KIETOYHBIX MCMOpPar. Bouta paspa-
BOTAHA OCOBO YYBCTBUTENLHASL (DIVOPCCHEHTHAA METO-
JIMKaA, NO3BoJstiomas onpeaensiTs npucyrcrsue 0,01
MOJILY% THPONECPEKHUCER 10 OTHOMIEHHIO K OOIIHM JIH-
riyiam (Parasassi T. et al., 1995). MeTojimKka nmpeiycMaTpH-
BACT M3MEpeHMe uamenenns pyopectenipn 1,6-1mnde-
Hui-1,3,5-rekcarprena (Parasassi T. et al,, 1991). /lannas
METO/MKA MO3BOJACT PEIHMCTPHPOBATH OKCH/IAHTHBIC 110-
BpexkACHU nociie obnydenund B jjose 0,1 Tp. B cpsisn ¢
HTHM JIMITHJIbL KIICTOYHBIX MEMOPAH MOXKHO PACCMATPH-
BATH B KAYCCTBE MHIIEHEH HOHUBHPYIONINX U3JIVYCHHT
Hapsyy ¢ mosiexyaamu JIHK (Volpe P, Eremenko T, 1995).
ABTOPBI HE CHHUTAIOT POTEHHBI MUILIEHBIO BO3/ICHCTBUSI
MAJTBIX /103, TIOCKOJIBKY X MTOBPEAKICHUC HACTYIIACT 11PH
VPOBHSX 103, KAK MMHHMYM, HA [IBA TOPsijiKa Sosibiie, Bu-
JIY MO BEJHYHUHBL 03 06J1yYeHMs, BHI3bIBAIOIINX CO-
OTBETCTBYIOUNC MOBPEAJICHHS, IEPCKHCHOC OKHCIICHIE
JIHITHIOR KICTOUHBLIX MEMOPal HE CONPOBOXKIACTCS Jic-
TAMLHBIMH HOCAEACTBHAMI. TEM HE MEHEE, TTOBPEA/ICHIA
TAKOI'O PO/ HAKATUTHBAIOTCS HA TTPOTAKE M OO/IY4CHHS
H, COMTACHO IKCITEPUMEHTIBHBIM JIAHHBIM ABTOPOB, 110~
BHIMMOMY, HE [MO/IBEPraioTes penapaiun. B pesyisrare
FTOrO CACAYET ORMIATL HAPYIHEHHT (DYHKIIMH KJICTOK.

(i) BOAbUIE U MAABIe O03bE UOHLUSUVIOULX UITVHCHULL AB-
TOPBITAKKE YCTAHOBHIM, YTO HA MOJICKY/ISIPHOM YPOBHE T1EP-
BBIM TOCIEACTEHCM MEPCKMCHOTO OKHCIEHHS JIMITH/IOB SB-
JISETCH TIPOHHKHOBCHHE BOJIbL BO BHYTPEHHHIE 111POhos-
Hble cnou Membpan (Parasassi T et al, 1994), uro oSyciow-
BACT U3MCHEHME OAPLEPHBIX CBOFICTB, il TAIGKC (PYHKITHOHWIL-
HBIC HAPVIIEHHSA HX MPOTCHHOB M 3H3UMOB ( PUCYHOK 7).
(A) Boublme JI03bI FOHUZHPVIONTIX HAIVHCHHIT CHOCOOHDI
BBI3BATH TOBPEICHIS KAK HPOTCHHOB, TAK M JIUTHIOBR MCM-
Opan. (13) Maibie 103bI HUTVHCHHI HE OKA3BIBAIOT Oy THMO-
'O NIPAMOTO APEKTA HA TTPOTEHHBE MEMOPaT, OJIHAKO CT10-
COOHBI BBIZBATH OKCH/IAIHIO JIUITHIOB, [TocaecrBusMm
CTPYKTYPHBIX M /IMHAMHYCCKHX H3MEHEHHUI COCTOSHIS JIN-
[TH/IOB MOTYT ObITh HAPYIICHHS KOH(POPMALIMOHHBIX 1 (PYHK-
[HOHUTLHBIX CBOMCTE KIETOYHBIX MCMOPAH.

(0) [Tepertcioe OKUCICHIUEC MEMODAH OUTVHEHIHBIN KACTOK. B
AKCTIEPUMEHTAX 110 OMPEACICHHIO 3ABUCHMOCTH JI03a—3(-
peKr, KOTOPBIE TOKA3WIN, YTO BEIHYMHIL OKCHIATITIBIX 110~
BPEAYICTIHIT SIBISICTCH (DYHKIMEH BETMYUHBI 10361 OOJTyICHIS
(Parasassi T. et al, 1995), BbUIO YCTAHORICHO, 9TO XOJICCTEPUH
HAPS$/1Y C HACHITEHHBIMHTHITH/IAMA OOJIIACT TIPOTCKTOPHbI-
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FIGURE 7. SCHEMATIC REPRESENTATION OF THE DIFFERENT BIOLOGICAL CONSEQUENGES FOR THE EXPOSURE OF MEMBRANES
TO HIGH AND LOW DOSES OF IONIZING RADIATION

PUCYHOK 7. CXEMATUHECKAR WNIIIOCTPALIAA PA3NINYHbIX BIAONOTU4ECKIX NMOCIEACTBAN BOSAEWCTBUSA BOMBLIUX W1 MANBIX 1103
VNOHW3WPYHILLUX N3NYYEHWA HA MEMEPAHbI KIETOK

A EXPOSURE TO HIGH DOSES OF IONISING RADIATION

Fﬂgﬁ
1%
i

LIPIDS

LIPIDS PROTEIN

B EXPOSURE TO LOW DOSES OF IONISING RADIATION

Production of hydroperoxides
and water penetration

membrane from the free radical diffusion, so
that the oxidative damage is dramatically re-
duced (figure 8). A consequence ol this pro-
tective effect ol cholesterol is the low sensi-
tivity to the radioinduced oxidation of “aged”
cells with respect to “voung™ cells in culture.
Our experimental model consists of cells

maintained in culture for different periods of

time. where we determined the concentration
ol cholesterol to be different for about 50%,
The dose-response curve ol aged cells, report-
ing the amount of oxidative damage as a func-
tion ol the radiation dose, shows a dramati-
cally lower slope with respect to the slope
obtained irradiating vounger cells. In aged
cells, cholesterol concentration is about 50%
higher.

(c) Fractionation of a low dose of radiation, We
then investigated the biological consequenc-
es of radioinduced membrane lipid oxidation.
Cells in culture were exposed daily to a dose
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MM CBOFICTBAMM, HPCAVITPEATIA JTHGXPY3HIO CBOOOHBLIX -
JIMKJIOR YePes KICTOYHBIC MCMOPALBL, 4TO PESKO YMEHBIE-
CT OKCHAHTHBIC TOBPCAYICHMS ( PHCYHOR 8). TTocneacTsiem
TAKOIO 3AATHONO AHPPERTA XOACCTEPHIIA ARBICTCS HBKAsA
GYBCTBHTCTHHOCTD K PAAHALHOMHO HIVTIAPOBIHHOMY T1C-
PCKICHOMY OKHCACHHIO "CTAPCIOMHAXT KICTOYHBIX J1EMEl -
TOB O CPABHCHHIO C “MOJIOABIMHT KIETKAMIE B KVTETVPE, DIKC-
FICPHMCHTUTBH MO/ACL ABTOPOB COCTOMT 13 KICTOK, CVILEC-
CTBYIONTHX BRYJIBIYPE Ha HPOTSHRCHITH PASTHUHLIX HCPHO0E
BPREMEHH, NTPHYCM COACPHAHMC XONCCTCPMLEL B HIX LT
JOCH 10 S0%, KprBast 3asuCHMOCTH JA03d—3dxpert st “Cril-
PEIOHTHX KWICTOK, IUIOCTPHPYION LS BETUITHY ORCHUI FTTO-
1O HOBPCAKACHHS KK (PYHKIIIO JJ0361 ODJIVHCHIS, XAPAKIe-
PH3VCTCH CVIHCCTBCHHO OOICE TTONMOMM HAKIOHOM, HCACIT
COOTBETCTRYIONEST KPHBIASL TIOIVICT IS JUIs " MOIOLIX. K-
TOUHBIX AEMEHTOB. B “Crapeionpix” ’KIeTiax KOHue riparys
XOJICCTEPHIEL TTPUMEPHO Ha SO% BhIIe,

(8) PPARIUHHOC BOZOCHCTIGUEC MEUIHIX O3 UONISUDVIOU LN
HATHeHNE Jlanee asrophl H3YHm SHOIOTHYECKHE HOCE)I-
CTBUA PAAHALHONHO HIJIYHHPOBAHHOIO HEPEKHCHOIO
OKHCACHUS JTUTTHOB KACTOYHBIX MEMOPAH, KyJILTYPY K-
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of 0.1 Gy, single or repeated twice with a 10
hours interval. The occurrence of oxidative
damage was also observed after such a low ra-
diation dose. Moreover, the damage is pro-
aressively accumulated with no evidence of
repair activity (figure 9). The parameters of
the 1,6-diphenyl-1,3,5-hexatriene fluores-
cence decay were measured as in (Parasassi T.
ctal., 1991). The width of the liftime distribu-
tion is the most sensitive detector of the oxi-
dative damage, reported in the figure as a
function of the days of treatment. For com-
parison with unirradiated control cells, no al-
teration of the mitotic index nor of the clon-
ing cefficiency was obscrved.

FIGURE 8. HYDROPEROXIDE CONCENTRATION
AS A FUNCTION OF THE RADIATION DOSE

PUCYHOK 8. KOHLIEHTPALINA NEPEKMCK BOLOPOJA
KAK @YHKLIS BENUYHBI A03bl WOHW3WPYOLLINX

TOK MOJBEPraIv eKeAHEBHOMY 00nyueHuio B jose 0,1 Tp
OIHOKPATHO WM K€ ABAAAb ¢ uHrepsaiom 10 u. [Mocne
CTOJTb MAIOIO OOJIVHEHUS! TAKKE BOSHUKAIN OKCHIAHTHbIC
nospeszicHus, bonee Toro, peruCTpHpOBAINA ITPOIPECCHB-
HOE HAKOIUICHHC HAPYIIEHHI MPH OTCYTCTBUH TTPH3HAKOB
pEnapaTHRHON AKTUBHOCTH (PUCYHOK 9). TTapamerps n3-
MEHEHUS (IIVOPECIICHIIFH I,G-ﬂucpcmm— 1,3,5-rekcarpue-
Ha onpeaessuiy o T, Parasassi u coasropam (1991). Tpors-
JKEHHOCTD JJMAIA30HA PACTIPEICICHHS [TPOAOIDKUTCILHO-
CTH JKM3HHW HBIHETCA HaubOJICe YYBCTBHTE/LHBIM
MOKA3ATC/ICM BETMUYNHBI OKCHIAHTHOTO TTOBPEHICHMS,
MPEJICTABICHHOTO HA PHUCYHKE KAK (DYHKIIHSA YOI CYTOK
PIHALHOHHOTO BOICHCTBHA. B KIeTKAX HCOOIYICHHOM
KYJIETYPBI (KOHTPOJIB) HE HAGMIONAIOCH M3MCHCHMIT HI
MHTOTHYECKOI'O HHJIEKCA, HH MHTEHCHBHOCTH POCT,

FIGURE 9. HUMAN K562 ERYTHROLEUKEMIA CELLS EXPOSED
TO FRACTIONATED LOW RADIATION DOSE FOR 11 DAYS

PWUCYHOK 9. KYNbTYPA KNETOK SPUTPONENKEMUN K562,
MOQBEPTHYTAS GPAKLMOHHOMY BO3JENCTBUIO MANbIX 403

N3NYYEHWIA WOHW3NPYHLLIWX W3NYYEHWA HA NPOTAMEHWI 11 CVT
Control
300 + O 113
T 250 - I
= 5
= 200 ge D02
8 B
3 150 | =
"gi - 071 |
':E‘} +30% Cholesterol L
50
050 b 0.1Gy, 10 hours, 0.1 Gy
0 1 1 1 1 1 |
0 2 4 6 8 10 12 14 Dose, Gy 0 5 10

Note. In the absence (open symbols) and in the pre-

sence (filled symbols) of 30 M% cholesterol.

Hpuntevanue. B yenoBuax oTcyTCTBHS (CBETIIbIC 3HAY-
KH) M NpUCYTCTBHS (Temubie 3nadkn) 30 Mons% xose-

crepuHa.

CONCLUDING REMARKS

This investigation described in detail the ra-
dioinduced step-by-step breakages of the hy-
drogen bonds between the complementary
AT and GC base-pairs, in the DNA double he-
lix, and the dynamics of radioinduced forma-
tion of the covalent bonds between two ad-
jacent thymines (TT dimer) along a strand.
Then, in addition to the crucial observation
concerning the radiation-dependent switch-
on and off- of genes for o and B chains of Hb

Days of treatment

Notes. Control cells (open circle); cells exposed once a
day to 0.1 Gy (filled box): cells exposed twice a day to
0.1 Gy with 10 hours interval (filled circle).
[puseuanus. Koutpoib — HeoONyUEHHbIC KIETKH
(cBeT/IbIe OKPYKHOCTH): KICTKH. NOABEPraBiinecs
pajnanuonHomy Bosjeiicteuio B jo3e 0,1 I'p onun pa3
B CYTKH (TEMHBIC KBAJAPAThl); KIETKH, MOABEPraBuinecs
obunyuennio B jose 0,1 I'p asa pasza B CyTkn ¢
uHTepBaaoM 10 4 (TEMHBIE OKPYKHOCTH).

3AK/TIFOYEHHE

[peAcTasicto OOBACHENNE TOFTANHBIX PYIMATIHOHHO
HMH/IVIIHPOBAHHBIX TTOBPEKICHHI BOJOPO/HBIX CBABCH
MCHYLY KOMIUIEMENTAPHBIMH MTAPAMI OCHOBAHNI d/le-
HHH—TUMHWH W T'VAHHH—UWTO3HH B JIBOMHON CITHPAIH
mosteryibt JIHK, a Taicke JMHaMHKH PAIHAIHOHO MH]TY-
[HPOBAHHOIO 0OPA30BAHNSA KOBUICHTHBIX CBAZCH MY
BOHIC/TITHMM B COINPUKOCHOBEHHC THMHUHOBLIMH OCHOBA-
pusimu (T gMep) Ha NPOTAKEHHN MAaKPOMOJICKY/ILL B
JIOTIOJIHEHHE K OCHOBOTIONATAIONTHMM JIAHHBIM O PaJIHal-
OHHO 3ABHCHMOM “BKIIOYCHUM” 1 “BBIKTIOUEHHN I'CHOB,
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in FL cells (figure 6), this work underlined the
importance of peroxidation in certain radio-
induced processes (Volpe P, Ravagnan G.,
1993): first, it was suggested that the rejoin-
ing of sugar and phosphate residues, after a
single-stranded break (figure 1), may be pre-
vented by oxygen when at least one end of
the broken strands is in a reactive state (this
end may become peroxidized and thus un-
able to rejoin); second, an immediate conse-
quence of the lipid peroxidation proved to be
the penetration of water in the hydrophobic
interior of membranes (figure 8). On such a
basis, we believe that in general the role of
peroxidation should be taken into serious
consideration in the analysis of an irradiated
target both at the molecular and cellular le-
vels,
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